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CLXXXV.—Hydroxynaphthoic Acids. Part II. 
By Cariton ButLer and FRANK ALBERT ROYLE. 


INFORMATION concerning the monohydroxy-f-naphthoic acids is 
even scantier than that available in the case of the derivatives of 
a-naphthoic acid described in the preceding paper. 

Two §-hydroxy-f$-naphthoic acids have been described, namely, 
3-hydroxy-®$-naphthoic acid, m. p. 216° (Schmitt and Burkard, 
Ber., 1887, 20, 2699; Modhlau and Kriebel, Ber., 1895, 28, 3089), 
and 7-hydroxy-$-naphthoic acid, m. p. 262° (Friedlander, Heilpern, 
and Spielfogel, Mitt. tech. Gewerbe Museums Wein, 1898, 8 [11 and 
12], 316; see also J. Soc. Chem. Ind., 1898, 17, 836). 

Of the «-hydroxy-$-naphthoic acids, the only one known is 
l-hydroxy-B-naphthoic acid, m. p. 186—187° (Schmitt and Burkard, 
loc. cit.). 

Battershall (Z. Chem., 1872, [ii], 7, 673; Annalen, 1873, 168, 
144), from the sulphonation product of $-naphthoic acid (iso- 
naphthoic acid), was able to prepare an «a-hydroxy-f$-naphthoic 
acid («-hydroxyisonaphthoic acid) melting at 210—211°. Stumpf 
(Annalen, 1877, 188, 1) prepared the same acid by the same process, 
and also detected the presence of another sulphonic acid in the 
sulphonation product, but was not able to obtain the corresponding 
hydroxy-acid owing to lack of material. The constitutions of 
these acids were never fully established. 

The four unknown isomeric acids of this series are therefore 
the 4-, 5-, 6-, and 8-hydroxy-8-naphthoic acids, respectively, with 
the possibility that one of these may be identical with Battershall 
and Stumpf’s «-hydroxyisonaphthoic acid. 

Using methods similar to those which have been so successful in 
| the preparation of various hydroxy-«-naphthoic acids (Part I, 
this vol., p. 1641), the authors have prepared 5-, 6-, and 8-hydroxy- 
8-naphthoic acids from §-naphthylamine-5-, -6-, and -8-sulphonic 
acids. 4-Hydroxy-f$-naphthoic acid has been prepared from f- 
naphthylamine-4-sulphonic acid by the method employed by 
Friedlander, Heilpern, and Spielfogel (loc. cit.) for the preparation 
of 7-hydroxy-f-naphthoic acid. 

Prepared by these methods, the acids obtained had the following 


constants : 
Melting point of Battershall 


Acetyl Ethyl Stumpf’s 
Acid. Acid. deriv. ester. Anilide. acid. 
4-Hydroxy-8-naph- 
thoic acid 182—183° 167—168° — — — 
me id 211—212 214—215 150—151° 163—164° 210—21I° 
i es 240—241 221—223 111—112 197—198 — 
a 228—229 176—177 135—137 239—240 
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The present authors have established the identity of Battershall 
and Stumpf’s «-hydroxyisonaphthoic acid and 5-hydroxy-f. 
naphthoic acid by the preparation of the acid from the sulphonation 
product of @-naphthoic acid. 

Stumpf (loc. cit.) succeeded in isolating only one pure compound 
from the sulphonation product of $-naphthoic acid. He detected 
a small quantity of another sulphonic acid, which was not, as he 
had first suspected, a derivative of «-naphthoic acid that might 
have been present as an impurity in the 6-naphthoic acid used. 

The authors have been able to show, not only that 8-hydroxy. 
B-naphthoic acid can be produced from Stumpf’s unidentified 
sulphonic acid, but also that the sulphonation product of §-naph-. 
thoic acid contains yet a third acid, from which 7-hydroxy-f- 
naphthoic acid has been prepared. When 8-naphthoic acid is 
heated with 98 per cent. sulphuric acid at 100°, 5-sulpho-8-naphthoic 
acid is the main product, only small amounts of the 7- and 8. 
sulphonic acids being formed; at 160°, 7-sulpho-8-naphthoic acid 
is almost the sole product. 

For purposes of comparison, the authors have prepared 7-hydroxy- 
B-naphthoic acid from {-naphthylamine-7-sulphonic acid, and 
have shown that the melting point of this acid given by Friedlander, 
Heilpern, and Spielfogel (loc. cit.) is too low. 


EXPERIMENTAL. 

Materials.—-Naphthylamine-5- and -8-sulphonic acids. Pure, 
steam-distilled 8-naphthylamine, sulphonated by Green and Vakil’s 
method (T., 1918, 113, 55), gave a product consisting of 41 per 
cent. of 8-naphthylamine-8-sulphonic acid and 58 per cent. of the 
2: 5-isomeride, the remaining 1 per cent. being a mixture of the 
2:6- and 2:7-acids. The separation of these acids was effected 
by the Dahl process (Eng. Pat. 7712 of 1884). The purity of «the f 
2:5- and 2: 8-acids was proved by means of Green and Vakil’s 
qualitative tests (loc. cit.). 

8-Naphthylamine-6-sulphonic Acid.—This was a commercial product 
obtained by the action of ammonia on 8-naphthol-6-sulphonic acid. 

a-Naphthylamine-3-sulphonic acid was prepared in the manner 
described in Part I (loc. cit.). 

Diazotisation of 8-Naphthylamine-5 and -8-sulphonic Acids.—A 
solution containing 245 grams of the sodium salt and 70 grams of 
sodium nitrite in 2100 c.c. of water was added to a well-cooled 
mixture of 900 c.c. of concentrated hydrochloric acid and 2000 c.c. 
of water, the temperature being kept below 15° during the reaction. 
Addition of a little alcohol and ether facilitated filtration of the 
viscous, yellow paste that was produced owing to separation of 
the diazo-compound. 
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Diazotisation of %-Naphthylamine-6-sulphonic Acid.—A mixture 
of the freshly precipitated, finely divided acid (from 200 grams of 
the sodium salt) and concentrated hydrochloric acid (650 c.c.) 
was diazotised at 0° by the addition of sodium nitrite (60 grams in 
500 c.c. of water). The diazonium chloride was much more soluble 
in water than those of the 2: 5- and 2 : 8-naphthylaminesulphonic 
acids, and therefore the whole of the liquor was used for the pre- 
paration of the cyano-derivative. 

Diazotisation of B-Naphthylamine-7-sulphonic Acid.—This process 
was identical with the preceding. The diazonium chloride was filtered 
off and used in a damp state for the preparation of the cyano-derivative. 

2-Cyanonaphthalene-5-, -6-, -7-, and -8-sulphonic Acids—The 
method adopted was similar to that described for the preparation 
of the corresponding «-derivatives (Part I, loc. cit.). The sodium 
and potassium salts of the $-cyano-sulphonic acids are much less 
soluble in water than those of the «-derivatives and therefore are 
more easily isolated. 

Potassium 2-cyanonaphthalene-5-sulphonate * crystallises from 
water in long, colourless, extremely friable rods of square cross- 
section (Found: K=110; H,O= 209. C,,H,0,NSK,4H,O 
requires K=11-4; H,O=21°0 per cent.). The sodium salt 
crystallises from water in long, thick prisms tapering to a point 
at each end. They are transparent immediately after filtration 
but become opaque after standing in the air for a few hours and 
break up across the length of the crystal into small, diamond- 
shaped plates. The sodium salt is more soluble in water 
than the potassium salt (Found: Na=71; H,O0= 215. 
C,,H,O,NSNa,4H,O requires Na = 7:0; H,O = 22:0 per cent.). 

Potassium 2-cyanonaphthalene-6-sulphonate is fairly readily soluble 
in water and crystallises in tufts of fine needles; these are to some 
j extent similar to the preceding potassium salt, but are usually 
more slender in growth (Found: K=133; H,O= 61. 
C,,H,O,NSK,H,O requires K = 13:5; H,O = 6:2 per cent.). 

The sodium salt is slightly less soluble than the potassium salt 
in water and crystallises from this solvent in glistening plates 
(Found: Na=75; H,O= 174. C,,H,O,NSNa,3H,O requires 
Na = 7°4; H,O = 17°5 per cent.). 

Potassium 2-cyanonaphthalene-8-sulphonate is readily soluble in 
both hot and cold water. It crystallises from concentrated aqueous 
solutions in tufts of fine needles (Found: K = 11°7; H,O = 16:4. 
C,,H,O,NSK,3H,O requires K = 12°0; H,O = 16°6 per cent.). 

* This potassium salt has previously been prepared by the same method 
by Weissgerber and Kruber (Ber., 1919, 52, 354). The figures given by them 
for the analysis are, Found: K=7-19. C,,H,O,;NSK requires 6-95 per cent. 


C,,H,O,;NSK appears to us to require K=14-39 per cent. 
3L2 
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5-, 6-, 7-, and 8-Sulpho-B-naphthoic Acids.—The nitrile was 
boiled with aqueous sodium or potassium hydroxide for a few 
hours and the solution was faintly acidified with hydrochloric acid 
and evaporated on the water-bath until the sodium or potassium 
salt crystallised in needles. 

The acid potassium salt of 5-sulpho-@-naphthoic acid crystallises 
from water in long, colourless needles (Found: K = 12°6; H,O= 
58. C,,H,O,SK,H,O requires K = 12°7; H,O = 5°8 per cent.). 

The acid sodium salt is more soluble than the potassium salt and 
crystallises in wart-like clusters of needles (Found: Na = 8:1; 
H,0O = 59. C,,H,0,SNa,H,O requires Na = 7°9; H,O = 6:2 per 
cent.). 

The acid potassium salt of 6-sulpho-B-naphthoic acid separates 
from water in very small, glistening needles (Found: K = 11'8; 
H,O = 11:1. C,,H,O;SK,2H,O requires K = 12:0; H,O = 11% 
per cent.). 

The acid potassium salt of 7-sulpho-8-naphthoic acid crystallises 
in clusters of long needles (Found: K= 125; H,O = 60. 
C,,H,0;SK,H,O requires K = 127; H,O = 5'8 per cent.). 

The acid potassium salt of 8-sulpho-8-naphthoic acid crystallises 
without water of crystallisation in groups of needles (Found: 
K = 13°4. C,,H,O,SK requires K = 13°4 per cent.). 

Fusion of 5-, 6-, 7-, and 8-Sulpho-B-naphthoic Acids with Potassium 
Hydroxide.—These fusions were conducted in exactly the same 
manner as those described in Part I (loc. cit.). The yields of 
hydroxynaphthoic acids were about 90 per cent. of the theoretical 
and no traces of naphthols were detected. Snow-white products 
and quantitative yields were obtained by carrying out these fusions 
with 25 per cent. potassium hydroxide solution in an autoclave at 
260°—the pressure at this temperature was about 30 atmospheres. 

4-Amino-f-naphthonitrile, NH,°C,)>H,*°CN.—On distilling a mixture 
of sodium «-naphthylamine-3-sulphonate (prepared from « 
naphthylamine-3 : 8-disulphonic acid by the method given in Part I) 
with twice its weight of finely powdered potassium ferrocyanide, 
an appreciable quantity of ammonia was evolved and a yellow oil 
produced. This solidified to a light yellow solid which, after 
reprecipitation from dilute hydrochloric acid solution with alkali, 
crystallised from dilute alcohol in clusters of colourless, silky needles 
melting at 123—124° (Found: N=17-0. C,,H,N, requires 
N = 16°7 per cent.). 

4-Amino-B-naphthoic Acid.—The nitrile was hydrolysed by 
boiling with six times its weight of 70 per cent. sulphuric acid for 
several hours, and from the solution, made alkaline with aqueous 
ammonia, acetic acid precipitated 4-amino-8-naphthoic acid, which 
crystallised from dilute alcohol in masses of slender needles melting at 
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204—206° (Found: N=76. C,,H,O,N requires N=7°5 per 
cent.). 

4-Hydroxy-B-naphthoic Acid.—4-Amino-$-naphthoic acid was 
diazotised in dilute sulphuric acid at 0°, and the solution poured 
into 60 per cent. sulphuric acid at 90° and gradually heated to 100°. 
The deposit of hydroxynaphthoic acid was collected, washed with 
water, and dissolved in aqueous sodium bicarbonate. The solution 
was treated with a little animal charcoal and acidified with hydro- 
chloric acid, and the precipitated acid was recrystallised from 
dilute alcohol. 


General Properties of 4-, 5-, 6-, 7-, and 8-Hydroxy-8-naphthoic Acids. 

These acids are very similar in regard to their general properties ; 
they are all readily soluble in alcohol, ether, acetic acid, or acetone ; 
almost insoluble in chloroform, benzene, or cold water, but are 
moderately soluble in hot water. They are most conveniently 
recrystallised, large quantities from aqueous alcohol, small quan- 
tities from water. 

The acetyl derivatives, prepared by means of acetic anhydride, are 
soluble in alcohol, acetic acid, ether or boiling water, slightly soluble 
in benzene, and moderately soluble in hot toluene. Suitable solvents 
for recrystallisation are water, dilute acetic acid, and dilute alcohol. 

The ethyl esters are obtained by passing dry hydrogen chloride 
into an ethyl-alcoholic solution of the acid, keeping the solution 
over-night, and then pouring it into water. The esters thereby 
precipitated may be recrystallised from dilute alcohol. They are 
soluble in alcohol, ether, acetic acid, or acetone. 

The anilides also are similar in their general properties and are 
prepared by Schoepft’s method (see Part I). They are soluble in 
acetone, alcohol, or acetic acid, but scarcely soluble in the other 
usual organic solvents. From dilute alcohol or dilute acetic acid 
they crystallise in fine needles. Except in the case of 7-hydroxy- 
6-naphthanilide, where the coloration is reddish-gold, ferric chloride 
produces a greenish-yellow colour, but only that of the 8-hydroxy- 
derivative is really pronounced. 

4-Hydroxy-8-naphthoic acid, m. p. 182—183°, crystallises from 
water in clusters of small needles. Aqueous-alcoholic solutions, 
when treated with ferric chloride, give a golden turbidity (Found : 
C=702; H=4-4. C,,H,O, requires C= 702; H= 4:2 per 
ecent.). The acetyl derivative, m. p. 167—168°, crystallises in 
needles from dilute alcohol or dilute acetic acid (Found : C = 67°7; 
H= 4:5. C,,H,,0, requires C = 67°83; H = 4:3 per cent.). 

5-Hydroxy-B-naphthoic acid, m. p. 210—211°, crystallises from 
water or dilute alcohol in colourless needles. An aqueous-alcoholic 
solution, treated with ferric chloride, deposits a dirty red precipitate 
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which turns violet and finally black (Found: C = 70°2; H = 4%, 
C,,H,0, requires C= 70'2; H-=4:2 per cent.). The acetyl 
derivative, m. p. 214—215°, erystallises in needles from dilute 
alcohol (Found: C= 67:3; H=4:'5. C,H 0, requires C = 
67°38; H=43 per cent.). The ethyl ester, m. p. 150—151° 
crystallises from dilute alcohol or dilute acetic acid in slender 
needles. The aqueous-alcoholic solution gives a yellow coloration 
with ferric chloride (Found: C= 72:'2; H=45°5. C,3H,,0, 
requires C = 72°2; H = 5:5 per cent.). The anilide, m. p. 163— 
164°, crystallises from dilute acetic acid in bulky clusters of glis. 
tening needles (Found: N = 5:2. C,,H,,;0,N requires N = 53 
per cent.). 

6-Hydroxy-B-naphthoic acid, m. p. 240—241°, crystallises from 
hot water in opaque needles. Ferric chloride produces an orange 
coloration but no precipitate. An aqueous solution of the sodium 
salt in presence of ammonium or potassium hydroxide or sodium 
carbonate develops a purple fluorescence (Found: C = 70:1; 
H = 43. (C©,,H,O, requires C = 70°2; H = 4:2 per cent.). The 
acetyl derivative, m. p. 221—223°, crystallises from water in tufts 
of silky needles (Found: C = 67°38; H= 4:4. C,,H,)0, requires 
C = 67°38; H = 4:3 per cent.). The ethyl ester, m. p. 111—112°, 
crystallises from dilute alcohol in needles or from dilute acetic acid 
in clusters of needles. Ferric chloride produces a yellow coloration 
in aqueous-alcoholic solution (Found: C=72'4; H= 5%. 
Cy3H 0, requires C = 72:2; H=5'5 per cent.). The anilide, 
m. p. 197—198°, crystallises in clusters of feather-like needles from 
dilute acetic acid (Found: N = 5:5. C,,H,,0,N requires N = 53 
per cent.). 

7-Hydroxy-B-naphthoic acid, m. p. 269—270°, crystallises from 
dilute alcohol in clusters of glistening needles. The ferric chloridef 
coloration is orange, but no precipitate is formed (Found: C= 
703; H=42. C,,H,O, requires C = 70'°2; H = 4:2 per cent.), 
The acetyl derivative, m. p. 209—210°, crystallises in needles from 
dilute alcohol (Found: C = 679; H=4°5. C,3H490, requires 
C = 67:8; H= 4:3 per cent.). The anilide, m. p. 219—220°, 
crystallises in tufts of needles from dilute alcohol or dilute acetic 
acid (Found: N= 5°5. C©,,H,,0,N requires N = 5°3 per cent.). 

8-Hydroxy-B-naphthoic acid, m. p. 228—229°, crystallises in 
colourless needles from water. The sodium, potassium, or ammon- 
jum salt exhibits a dark green fluorescence in presence of excess of 
alkali. Ferric chloride produces a dirty red precipitate which 
changes to violet and finally becomes black (Found: C = 70:3; 
H= 43. (©,,H,0, requires C = 70°2; H = 4:2 per cent.). The 
acetyl derivative, m. p. 176—177°, crystallises in clusters of thin 


HYDROXYNAPHTHOIC ACIDS. PART II. 1655 


needles from dilute alcohol or dilute acetic acid (Found : C = 68°0; 
H=4°5. C,3H,)0, requires C = 67°83; H = 4°3 per cent.). The 
ethyl ester, m. p. 185—137°, crystallises in clusters of needles from 
dilute alcohol. Ferric chloride gives a yellow coloration which 
becomes successively dirty orange and green; a bluish-black pre- 
cipitate is finally deposited (Found : C = 72°2; H = 5°6. C,3H,.0, 
requires C = 72°2; H = 5°5 per cent.). The anilide, m. p. 239— 
240°, crystallises in. needles from dilute acetic acid. It is less 
soluble in alcohol or acetic acid than the previously described 
anilides. With ferric chloride, a pronounced greenish-yellow tinge 
is developed (Found: N = 5:4. C©,,H,,;0,N requires N = 5°3 per 
cent.). 


Sulphonation of @-Naphthoic Acid. 


The conditions were those under which «-naphthoic acid was 
sulphonated (preceding paper); the time of sulphonation may be 
extended to twelve hours without appreciable effect. 

The mixture of neutral barium salts prepared from the sulphonic 
acids was fractionally crystallised, twelve fractions in all being 
obtained ; these were arranged in six groups each containing crystals 
of an obviously similar nature. Recrystallisation of these groups 
from water readily furnished a large quantity of glistening needles 
of a neutral barium salt as described by Stumpf (Joc. cit.), but it 
was always contaminated with a salt which refused to show definite 
form. This salt seemed abundant in the first two groups, but 
recrystallisation did not cause much separation. 

The salts contained in the various groups were then converted 
into acid barium salts by addition of hydrochloric acid to their 
boiling aqueous solutions. 

Groups I and II.—The acid barium salts consisted mainly of 
two salts, one of which crystallised from water in hard, elongated 
tetrahedra containing three molecules of water of crystallisation, 
whilst the other separated from more dilute solution in long, pointed 
needles of an octahydrate. Both these on analysis gave results 
which agreed with those required for the acid barium salts of the 
desired acids. The two salts were converted into the corresponding 
acid potassium salts, both of which crystallised in clusters of needles 
closely resembling the crystals of the acid potassium salt of 8- 
sulpho-@-naphthoic acid described on page 1652. Each acid 
potassium salt, when fused with potassium hydroxide, gave a 
hydroxy-$-naphthoic acid melting at 227—229°, which yielded an 
acetyl derivative melting at 175—176°, and an aqueous solution 
of which gave, with ferric chloride, a red precipitate, changing to 
violet and then black. There was no doubt that the two acids 
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and 8-hydroxy-$-naphthoic acid were all identical; heated alone 
or in admixture, they all melted at the same temperature. 

Groups III, IV, V, and VI.—The main constituent of these 
groups was a neutral barium salt which crystallised in hard tufts 
of needles. When converted into the acid barium salt, it gave a 
product which was readily soluble in hot water but almost insoluble 
in cold, from which it crystallised in long, silky needles. The 
analyses of these two salts agreed with those recorded by Stumpf. 
The acid potassium salt also had every property of the acid potassium 
salt of 8-sulpho-8-naphthoic acid (see p. 1652), and fusion with 
potassium hydroxide furnished a hydroxy-f-naphthoic acid, which 
crystallised from water in tufts of needles, m. p. 209—210°, and 
yielded an acetyl derivative melting at 213—215°. Stumpf’s 
«-hydroxyisonaphthoic acid was thus conclusively proved to be 
5-hydroxy-8-naphthoic acid. 

All the mother-liquors were carefully searched, and although no 
further salts were detected, a hydroxy-f-naphthoic acid was pre- 
pared which began to melt at about 200° and was completely fluid 
at 235°. This substance was acetylated and the product frac- 
tionally crystallised. Hydrolysis of these fractions and re-formation 
of acetyl derivatives enabled us to isolate an acetyl compound, 
which melted at 206—209° and gave on hydrolysis an acid melting 
at 268—271°. This was readily identified as 7-hydroxy-8-naphthoic 
acid. 

The other acid present in this fraction was shown to be 5-hydroxy- 
8-naphthoic acid. 

Sulphonation of @-Naphthoic Acid at 160°.—8-Naphthoic acid 
(1 mol.) was sulphonated with 98 per cent. sulphuric acid (5 mols.) 
at 160° for six hours. The liquid was poured into water and the 
solution kept over-night, but no unchanged f-naphthoic acid 
separated. The sulphonic acids were converted into neutral 
barium salts, which were fractionally crystallised. The four 
fractions collected were converted into acid barium salts by the 
addition of hydrochloric acid to the boiling solutions. 

When treated with a moderate bulk of water, before conversion 
into the acid barium salt, the first fraction was not entirely undis- 
solved. The portion that went into solution, the whole of fractions 
II and III, and the first portion of fraction IV consisted of the 
pure normal barium salt of a sulpho-f-naphthoic acid. The acid 
barium salt of this main product crystallised like that of 5-sulpho- 
8-naphthoic acid and also resembled it in its solubility in water. 
When converted into the acid potassium salt, however, it suggested 
the 7-sulpho-derivative. 

The acid potassium salt on fusion with potassium hydroxide gave 
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a crude hydroxy-f$-naphthoic acid which crystallised from dilute 
alcohol in glistening tufts of needles, m. p. 268—269°. The acetyl 
derivative melted at 209—210°. The acid was thus identified as 
7-hydroxy-$-naphthoic acid. 

Small quantities of the 5- and 8-hydroxy-f-naphthoic acids were 
isolated, but no trace of 6-hydroxy-f-naphthoic acid could be 
detected. 

Summary. 

1. The 4-, 5-, 6-, and 8-hydroxy-f-naphthoic acids have been 
prepared and characterised. 

2. 7-Hydroxy-®-naphthoic acid, which had previously been 
prepared by other workers, has been further studied. 

3. The sulphonation of B-naphthoic acid at 100° by means of 
98 per cent. sulphuric acid gives rise to 5-, 7-, and 8-sulpho-f- 
naphthoic acids, the first predominating. If the temperature of 
sulphonation is raised to 160°, the main product will be 7-sulpho- 
6-naphthoic acid, accompanied by small! quantities of the 5- and 
8-sulpho-8-naphthoic acids. 6-Sulpho-$-naphthoic acid could not 
be detected in the above sulphonations. 

4. The hydroxy-f-naphthoic acid melting at 210—212° prepared 
by Battershall and Stumpf has been shown to be 5-hydroxy-f- 
naphthoic acid. 
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CLXXXVI.—Researches on Phellandrenes. Part I. 
By Henry Grorce Smiru, Eric Horst, and Joun Reap. 


ALTHOUGH the I-«-phellandrene of eucalyptus oils, the d-«-phellan- 
drene of bitter fennel oil, elemi oil, etc., and the d-§-phellandrene 
of water fennel oil have formed the subject of so many investi- 
gations by Wallach, Semmler, and others, it is noteworthy that 
such work has been directed largely towards elucidating con- 
stitutional problems, and that other interesting aspects of the 
study of these important substances still await attention. Little 
work appears to have been carried out, for example, with the object 
of isolating specimens of the phellandrenes of high physical purity ; 
considerable confusion exists with regard to certain of their natural 
3 L* 
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sources ; and, as we show below, even common methods of diagnosis 
utilised in the phellandrene chemistry involve the preparation and 
physical examination of derivatives which are imperfectly known. 
As an example of the inexact nature of the information available 
in such directions, reference may be made to the description of 
eucalyptus oils in which J/-«-phellandrene was originally found 
(Wallach, Annalen, 1888, 246, 233, 278; 1895, 287, 371; etc.). 
The species quoted, Eucalyptus amygdalina, is endemic in Tasmania, 
but does not appear to occur on the mainland of Australia (Baker 
and Smith, J. Proc. Roy. Soc. Tasmania, 1912, 62; Maiden, J. Proc. 
Roy. Soc. Victoria, 1922, 34, 80, 83); it is therefore doubtful whether 
the oil of this species has reached Europe at any time. Owing 
largely to the lack of chemical information, many closely related 
species—such as FH. dives, HE. linearis, E. radiata, E. regnans, and 
E. vitrea—have been from time to time synonymised with LE. 
amygdalina, which was first described and figured by Labillardier 
(‘‘ Plants of New Holland,” 1806). It'may be added that, in spite of 
its deficiency in piperitone, the chemical and physical characteristics 
of the essential oil of LZ. amygdalina, of Tasmania, indicate a closer 
relationship of this species to E. dives, of the mainland, than to 
any other member of the “‘ peppermint group ” of eucalypts. 


What particular species, or combination of species, of Eucalyptus 


furnished the oil in which /-«-phellandrene was originally found, in 
1888, cannot now be determined; but as the oil apparently con- 
tained appreciable amounts of cineole, it may have been derived 
from the species now known in Australia as EH. phellandra, but 
which for many years prior to 1912 was commonly known in Eastern 
Australia as HZ. amygdalina (Baker and Smith, ‘A Research on 
the Eucalypts,” 2nd ed., Sydney, 1920). The apparent presence 
of cineole in quantity indicates that the oil did not originate from 
E. dives. The oil was levorotatory, and if the specific rotatory 
power and other physical constants of the crude oil had been 
recorded the species could probably have been identified. The 
importance of quoting data of this kind is, indeed, strikingly 
demonstrated in this instance, not only in view of the historic 
interest, but further in connexion with certain conflicting state- 
ments which appear in the literature of the phellandrene of 
“eucalyptus oil.” 

It is well-known that «-phellandrene is commonly detected in 
essential oils by dissolving a portion of the appropriate fraction in 
light petroleum and submitting the solution to the action of nitrous 
anhydride at 0°. Schreiner (Arch. Pharm., 1901, 239, 90) showed 
that whereas the highest melting point at that time recorded for 
pheliandrene nitrosite was 105°, the crystalline material obtained 
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from “‘ eucalyptus oil” phellandrene could be separated by frac- 
tional crystallisation into components differing in melting point 
and rotatory power. One of these melted at 120—121° and had 
[a]p + 123°5°, whilst the other melted at 100—101° and had 
[a], — 36°. In repeating this work, Wallach isolated an «-nitrosite, 
melting at 113—114° and having [«], + 142°6° and + 135°93° in 
chloroform solution, and a £-nitrosite, melting at 105° and having 
[a]p — 40°817° and — 40°287°. These results were furnished by 
“eucalyptus oil” phellandrene, whilst corresponding values were 
observed for the derivatives prepared from the d-«-phellandrene 
of bitter fennel oil, the rotations being, of course, in the opposite 
sense (Wallach, Annalen, 1904, 336, 9; ‘‘ Terpene und Campher,” 
1914, 486). 

In the present communication, it is sufficient to note that an 
appreciable discrepancy exists in the values given by Wallach and 
Schreiner for the melting point of the «-nitrosite of «-phellandrene, 
and that in view of the somewhat unsatisfactory criterion afforded 
by determining the melting points of these nitrosites, emphasis has 
been laid on observing their optical rotatory powers (Wallach, 
Annalen, 1904, 336, 16). 

In repeating the preparation of the «-nitrosite from specimens of 
|-a-phellandrene isolated from the oil of H. dives, we experienced no 
difficulty in obtaining numerous specimens melting at 121—122°, 
and exhibiting the highest specific rotation recorded by Wallach. 
At the same time, the discrepancies in the latter values quoted by 
the above observers found a ready interpretation in the marked 
mutarotation displayed by the substance when dissolved in organic 
solvents. An explanation was sought for the diverse melting 
points of the specimens of «-nitrosite, prepared by Wallach and 
Schreiner from eucalyptus oils, in the possible use of phellandrene 
fractions from distinct species of Lucalyptus, possessing different 
optical rotatory powers. Preparations made from /-«-phellandrene 
of low rotatory power, isolated from the oil of the above-mentioned 
£. phellandra, yielded, however, the same «-nitrosite, melting at 
121—122°. It is thus to be concluded that the method of purifica- 
tion adopted by Wallach (loc. cit.) was unsatisfactory. 

The experimental part of the present paper deals only with the 
isolation and examination of pure specimens of /-«-phellandrene 
and of its «-nitrosite; although the last-named substance is obtained 
with equal readiness from the oils of HE. dives and EZ. phellandra, 
there are indications that the associated substances exhibit certain 
differences in the two cases. The further examination of these 
and related derivatives will form the subject of future investigations 


(compare J. Proc. Roy. Soc. New South Wales, 1922, 56, 179). 
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That the mutarotation observed in solutions of the «-nitrosite 
is not occasioned by any chemical change of a simple order i 
evident from a study of the data recorded below. The striking 
changes of which the rapidly fluctuating optical rotation is an index 
are probably to be associated in a large degree with the preseng 
in the molecule of three asymmetric carbon atoms (compare Wal. 
lach, loc. cit., p. 39), two of which would appear to be peculiarly 
susceptible to modification as centres of optical activity through 
tautomeric change. 

It is evident that such changes must be taken into account in 
any accurate diagnosis of phellandrene in essential oils, and in 
observations of this kind it will be found convenient to refer to 
graphical representations of the mutarotation, such as those recorded 
below. 

Since the specimens of l-«-phellandrene now described are probably 
the purest which have been isolated, it is of interest to summarise the 
physical constants determined for the three preparations in question 

Source. B. p. DY (vac.). no.  [Rz). [a],”. 
Crude “8-hour oil” 

of H. dives ... 58—59°/16 mm. 0-8410 1-4732 45:45 —112-00° 
Residual oil of EZ. 

dives 67—68°/22 mm. 0-8425 _— 45-51 —112-7f 
Crude oil of ZH. 

phellandra ... 62-5—63-5°/15-5mm,. 0-8421 1:-4744 45-48 —36-75° 

The mean observed value of [R,z] is 45°48, and the calculated 
value being 45°24, the exaltation for the conjugated linkages is 
0°24 unit. The high optical rotation of the specimens from LE. dives 
is noteworthy : assuming this l-«-phellandrene to be optically pure, 
the specimen from EF. phellandra would contain 66°3 per cent. of 
the l-form associated with 33-7 per cent. of the d-form. 

Specimens of /-«-phellandrene which have hitherto been prepared 
from eucalyptus oils have probably contained appreciable quan- 
tities of cineole and other impurities, and although the point is still 
under investigation it may be stated here that phosphoric acid 
could not be used in eliminating the cineole, owing to an apparent 
isomerisation of the phellandrene during the process. Further, 
the phellandrene could not be isolated in anything approaching 
quantitative yields, owing to its tendency to polymerise, even when 
distilled cautiously under diminished pressure. 


EXPERIMENTAL. 
The Isolation of \-«-Phellandrene from the Essential Oil of Eucalyptus 
dives. 
1. The first sample of oil utilised was obtained by the steam 
distillation, for eight hours (“ 8-hour oil’), of leaves and twigs of 
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BR. dives collected in the Braidwood district of N. 8. Wales, in 
October. The crude oil contained about 46 per cent. of l-piperitone, 
by volume, and when dried over sodium sulphate and filtered, 
gave the following physical constants: Dy 0°9042 (vac.), njy 
14802, a3 — 56°72°,* [a]? — 62°73°. The oil (1363 grams) was 
distilled under diminished pressure, in portions of about 500 c.c., 
from a Claisen flask immersed in an oil-bath, with the object of 
obtaining two main fractions, rich in phellandrene and piperitone, 
respectively. These fractions are numbered 2 and 6 in the appended 
summary of the result of the first distillation, which was conducted 
at 18 mm. pressure : 
Bath temperature Weight 
Fraction. Boiling point. (limit). (grams). 
to 62° 100° 12 
62—72 115 230 
72—79 120 236 
75—100 130 250 
100—108 140 85 
108—120 160 490 


120—130 170 20 
above 130 — 25 


SIMS So POO b= 


By systematic redistillation, repeated three times, fractions 2 


and 6 were augmented to 540 and 494 grams, respectively. Frac- 
tion 2 when redistilled then yielded 230 grams of b. p. 63—65°/18 
mm., the temperature of the bath being 95°. It proved imprac- 
ticable to purify the phellandrene further by distillation, and 
accordingly the last-named fraction was shaken continuously with 
140 grams of a 50 per cent, aqueous solution of resorcinol for thirty 
minutes. The cineole was subsequently recovered from the aqueous 
extract by steam distillation. After washing with water and 
drying over plaster of Paris, the residual oil yielded the following 
fractions when distilled at 16 mm. pressure : 


Bath temperature Weight 
Fraction. Boiling point. (limit). 
to 57° 80° 
57—58 83 
58—59 85 
residue ~— 


The third fraction, representing only 3°7 per cent. of the original 
crude oil, contained no cineole and was regarded as pure /-«-phellan- 
drene. It gave the following physical constants: b. p. 58—59°/16 
mm., D% 0°8410 (vac.), mj 1°4732, [Rz] 45°45, aj — 94°19°, 
[a]? — 112°00°; D% 0°8372 (vac.), nf 1:4710. The second 
fraction (b. p. 57—58°/16 mm.) gave aj — 83°80°. 


* All the values of ap in this paper are recorded for a 1-dcm. tube. 
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2. A similar method was applied in isolating 1/-«-phellandrene 
from the residues remaining after the extraction of piperitone from 
various samples of the crude oil of H. dives. Hot aqueous solutions 
of sodium sulphite and sodium bisulphite were used in these opera. 
tions, which will be described in a later communication. <A typical 
mixture of residual oils obtained in this manner contained about 
3 per cent. (vol.) of piperitone, and had D* 0°870 and aj — 67°54’, 
When distilled under 24 mm. pressure, a sample of this material 
(1305 grams) gave the appended results : 


Bath temperature Weight 
Fraction. Boiling point. (limit). ' _ (grams). 
to 69° 100° 20 
69—73 115 375 
i3—78 130 370 
78—100 150 285 
100—130 190 195 
residue — 60 


After three systematic redistillations, a second fraction of b. p. 
67—71°/22 mm. (bath temperature, 110°), weighing 875 grams, 
was obtained. This gave 490 grams of b. p. 68°-5—70°5°/22 mm., 
which after a thorough extraction with resorcinol solution yielded 
250 grams of b. p. 67—68°/22 mm. (bath temperature, 97°). 

The yield of pure /-«-phellandrene, calculated on the crude 
residual oil, was thus 19°2 per cent. The following physical 
constants were determined: b. p. 67—68°/22 mm., 171—172°/ 
758°2 mm., Di 0°8425 (vac.), D® O°8387 (vac.), nz, 1°4725, 
[Rz] 45°51, ais” — 95°00°, [Ji — 112-76°. Another preparation 
from the same material gave practically identical values. 

Other residues furnished as much as 25 per cent. of purified 
phellandrene. 


The Isolation of \-«-Phellandrene from the Essential Oil of Eucalyptus 
phellandra, 


A sample of the crude essential oil of HZ. phellandra was distilled 
expressly for the work now described, the material being collected 
at Mongarlowe, N. 8. Wales, in May, 1922. When dried over 
sodium sulphate and filtered, the crude oil exhibited the following 
physical constants: D* 0°8980 (vac.), np 1:4680, a — 11°61°, 
[ap” — 12-93°. 

The crude oil (2475 grams) was fractionally distilled under dimin- 
ished pressure, as described above, in portions of about 250 c.c. 
The fractions obtained in the original fractionation and _ three 
successive refractionations, all of which were conducted under 
18 mm. pressure, are summarised in the appended table : 
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Weight (grams) after 


Boiling Original frac- Ist refrac- 
Fraction. point. tionation. tionation. 2nd ditto. 3rd ditto. 
to 62° 78 56 34 
62—72 1700 1820 1950 
72—79 254 173 97 
79—100 159 118 73 
100—108 147 149 146 
108—113 91 107 119 
residue 44 50 55 


Fraction 2, unlike the corresponding fraction from the oil of 
E. dives, proved to consist mainly of cineole, and the elimination 
of the latter substance by using a 50 per cent. aqueous solution of 
resorcinol, as described above, presented considerable difficulty, 
owing to the separation of a bulky precipitate of the cineole- 
resorcinol compound. Repeated filtration with suction was thus 
necessary after the first treatment with resorcinol solution, and, in 
all, five additional extractions with fresh quantities of the solution 
were required in order to render the phellandrene irresponsive to 
the bromine test for cineole. In this way, 425 grams of fraction 
2 yielded 27 grams of phellandrene, possessing the following physical 
constants: b. p. 62°5—63°5°/15°5 mm., D? 0°8421 (vac.), ni 
14744, [R;] 45°48, af — 30°95°, [«]i” — 36° 75°. 

Of the 230 grams of cineole recovered by steam distilling the 
combined extracts, 212 grams passed over at 90—91°5°/55 mm., 
and the specimen possessed a noticeable purple fluorescence. It 
was not pure, and had aj’ — 4°84°. 

Specimens of phellandrene practically identical with that just 
described were isolated in a similar way from a second fraction 
(b. p. 69—73°/20 mm.) obtained after the first refractionation 
indicated above; this fraction formed about 75 per cent. of the 
original oil, and prior to the extraction of the cineole had «%* 
— 11°97°. 


Preparation of 1-«-Phellandrene «-Nitrosite. 


As a result of numerous preliminary experiments, the following 
method was elaborated for the preparation of this derivative : 

A solution of purified /-«-phellandrene (25 c.c.) in light petroleum 
(150 c.c.) was poured into a vessel immersed in a freezing mixture 
and containing an aqueous solution of sodium nitrite of about 
44 per cent. concentration (53 c.c.). When the temperature of the 
solutions had fallen to 0°, or slightly lower, glacial acetic acid 
(25 c.c.) was added, and after thorough admixture the vessel was 
left in the freezing mixture until the contents appeared to have 
become practically solid. By collection on a filter with suction, 
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a sticky, yellow mass was obtained. When rapidly digested and 
washed with rectified spirit, this yielded a colourless, crystalline 
product, whilst the filtrate appeared to contain a yellow oily material 
in solution. The solid product was washed on the filter successively 
with water and rectified spirit, and at once digested with boiling 
acetone for a few minutes only. Rectified spirit was added in 
excess to the clear solution and the resulting crystalline solid col- 
lected on a filter with suction. A second crop of crystalline material 
was usually obtained from the filtrate and alcohol washings. The 
melting point of the preparation at this stage was usually from 
105° to 108°, with decomposition. 

The product was completely purified by recrystallisation from 
boiling acetone, this process being repeated from two to five times 
until the maximum melting point, 121—122°, was attained (Found : 
N = 13°33, Calc. for CjygH,,0,N,, N = 13:20 per cent.). In a 
typical example, the following intermediate melting points were 
observed: 110—112°, 113—114°, 117—118°, 119—120°. Im all 
instances, the substance melted with decomposition, 

It is important to carry out the preparation and purification of 
the substance without undue delay. The crude product decomposes 
rapidly at the ordinary temperature, yielding a yellow oil. After 
one or two recrystallisations, however, a much more stable product 
is obtained. The pure substance, which forms long, fine needles, 
may be kept in the open air for some weeks without any apparent 
decomposition taking place, but after several months the melting 
point declines and becomes less definite. 

The yield of the pure product varied in different preparations, 
but was always quite small, less than 5 grams being obtained from 
25 c.c. of phellandrene. Acetic acid gave better results than 
sulphuric acid in this preparation. The passage of nitrous fumes 
into solutions of phellandrene in organic solvents resulted in the 
formation of still larger proportions of the yellow oil mentioned 
above. 

Specimens of phellandrene prepared from the two sources indi- 
cated aboye appeared to behave identically in these preparations. 


The Mutarotation of \-«-Phellandrene «-Nitrosite at 20°. 


In the three appended series of observations, the pure «-nitrosite 
(m. p. 121—122°) was dissolved to give solutions of the same 
approximate concentration in chloroform, benzene, and acetone, 
respectively; these were maintained at 20° and examined polari- 
metrically at measured intervals after the first contact with the 


solvent : 
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. 0°3765 Gram dissolved in chloroform and made up to 30°0 e.c. 
at 20°. 


Time. 

72 hours 
i av 
194 


287" ‘ss 


2. 03762 Gram dissolved in benzene and made up to 30°0 c.c. 
at 20°. 


Time. of Time. {a}, 
5 mins. 34- 95 hours — 42-7° 
20 - 220-¢ 308 _ ,, — 101-7 


40 209-7 333s, — 103-3 


” 


75 : ° 356s, — 103-3 


. 0°2515 Gram dissolved in acetone and made up to 20°0 c.c. 
at 20°. 


Time. [a], . Time. fal?”, 
5 mins. + 165-9° 102 hours -+- 4-8° 
80 ,, + 147-1 148 ,, — 19-9 
is » + 140-4 338 ,, — 49-3 
353s, +- 110-1 360 ,, — 49-3 


Altogether, about fifteen readings were taken in each series, and 


from the graphical representation (Fig. 1) it is evident that the 
general character of the change is the same. Although the initial 
stage of the mutarotation is most marked in benzene solution, it 
is in chloroform that the zero and equilibrium values are first 
attained. In accordance with the characteristics of the curves 
illustrated in Fig. 1, acetone appears to be the best solvent available 
for purifying the substance. In each instance, the downward 
mutarotation leads ultimately to optical inversion. 

In more concentrated solutions than those just described, the 
mutarotation was more sluggish and less complete, whilst in more 
dilute solutions the reverse was the case, a result which may be con- 
nected with the reported bimolecular constitution of the «-nitrosite 
(Annalen, 1900, 313, 346). The following table summarises values 
of [«1#" obtained for chloroform solutions having, respectively, about 
one-half and twice the concentration of the chloroform solution 
denoted in (1) above. In each case, the weight stated was dissolved 
in chloroform and made up to 30°0 c.c. at 20°: 


Weight Equilibrium 
(grams). 10mins. 20mins. 150 mins. 48 hours. value, 
0-1883 + 138-6° + 133-0° + 92-7° — 63-7° —104-4° (555 hrs.) 
0-3765 +1874 + 134-0 + 97-7 — 35-0 — 80-1(194 ,, ) 
0-7517 + 137-4 + 135-1 +101-7 — 24-0 — 70-0(120 ,, ) 
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Very similar data were obtained by the examination of acetone 
solutions of different concentrations. In both solvents, the initial 
reading was not markedly affected by the concentration. 

In all cases, the originally colourless solution developed a pale 
yellow colour during the course of the mutarotation; and with 
chloroform or acetone, especially in the more concentrated solutions, 
the ultimate colour was a deep orange-red. When the solvent was 
allowed to evaporate from the equilibrated solutions, an orange- 
red oil was invariably left, but as a rule no crystalline material 
could be obtained. On the other hand, by allowing the solvent to 
evaporate before the attainment of equilibrium it was often possible 
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to isolate small quantities of crystalline material from the oily 
residue. In such cases, the residue was washed successively with 
alcohol and ether, the solid being then recrystallised from warm 
acetone. As specific examples, an acetone solution having [«]} 
+ 11°4° and a chloroform solution having [«]j’ — 46°4° each yielded 
a small amount of the original «-nitrosite (m. p. 121—122°) when 
treated in this way; in addition, from a chloroform solution which 
had been kept for a week was isolated in small amount a product 
melting at 112—113° and having [«]=’ + 140° in chloroform 
solution. 

The data recorded above were obtained by the use of /-«-phellan- 
drene from £. dives, but specimens of phellandrene obtained from 
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E. phellandra readily yielded a nitrosite melting at 121—122° by 
the application of the same method. Such preparations, when 
dissolved in chloroform, benzene, or acetone, gave initial rotatory 
values practically identical with those recorded above, whilst the 
mutarotation proceeded similarly: for example, 0°2503 gram, 
dissolved in chloroform and made up to 20°0 c.c. at 20°, gave 
[u]?? + 142°2° after 5 minutes, + 132°2° after 30 minutes, — 63°1° 
after 75 hours, and — 75°5° after 121 hours. 


Effect of Temperature on the Mutarotation. 


The mutarotation was greatly accelerated by warming the 
solutions, and it is important to bear this fact in mind when puri- 
fying specimens of the substance. In one series of experiments, 
weighed quantities of 0°2500 gram of the pure «-nitrosite (m. p. 
121—122°) were dissolved severally in chloroform, benzene, and 
acetone at 60°, the three solutions being made up to 20°0 c.c. and 
maintained at that temperature for polarimetric examination at 
intervals. In acetone there was a rapid downward mutarotation 
from [«]% + 49°6° after 5 minutes to a constant value of [a] 
— 12°8° after 3°75 hours. In chloroform, the reading after 5 minutes 
had already reached the negative value of [a]i? — 27:2°; after 
declining to [«]j — 50°4° in 10 minutes, the rotation then rose to 
[a] — 28°8° after 45 minutes, and eventually declined without 
further interruption to a constant value of [a] — 58°4° after 
2:75 hours. No alteration was observed in this instance after 
keeping the solution for 14 days at the ordinary temperature. 
Somewhat similar irregularities were observed in benzene solution, 
the initial and final values being, respectively, [«]j — 10°4° after 
5 minutes, and [«]i” — 82°5° after 7 hours. The equilibrium values 
were thus always less, in the levo-sense, at the higher temperature. 

These results are recorded graphically in Fig. 2. 


Effect of Piperidine on the Mutarotation. 


In all the observations recorded in this section, 0°2500 gram of 
the pure «-nitrosite (m. p. 121—122°) was dissolved in the solvent 
stated and made up to 20°0 c.c. at 20°. 

With a N/1000-solution of piperidine in chloroform, the following 
values of [«]’ were observed: -+ 138°2° (9 minutes), + 126°2° (36 
minutes), —41°5° (147 hours), —51°5° (363 hours). The mutarotation 
was thus almost unaffected in the early stages, although subse- 
quently it became more sluggish and no definite equilibrium 
appeared to be reached. As in all similar observations, the solution 
eventually became dark red. 

A N/100-solution of piperidine in chloroform gave very similar 
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results, some of the values of [«]? being: -+ 141°4° (17 minutes), 
+ 116-7° (31 minutes), + 1:6° (15 hours), — 7:2° (16 hours), — 16°8° 
(508 hours), — 20°8° (530 hours). 

In a N/100-solution of piperidine in benzene the effect was very 
similar to that observed in chloroform, as is evident from the 
following values of [a]: -+ 223°6° (8 minutes), + 145°6° (1 hour), 
— 24:0° (7 hours), — 24°8° (53 hours), — 92°8° (336 hours). 

In a N/100-solution of piperidine in acetone the influence of the 
piperidine was more marked, as indicated by the appended values 
of [a]: -+ 63°1° (8 minutes), + 20°4° (15 minutes), — 16-0° 
(25 minutes), — 84°3° (65 minutes), — 99°8° (85 minutes), — 91°1° 
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(200 minutes), — 51°9° (24 hours), — 39°9° (149 hours), — 39-9° 
(197 hours). 

The three complete: series of observations with N/100-solutions 
of piperidine are represented graphically in Fig. 3. 

With N/10-solutions of piperidine, the influence was still more 
marked. In chloroform, the value for [a]? declined from + 27-2° 
(8 minutes) to — 25°2° (25 minutes), then rose to + 38°4° (4:5 hours), 
and again declined to -+ 3°2° (47 hours) and — 8:0° (72 hours). 
In benzene, the value declined from + 22°4° (8 minutes) to + 2°8° 
(15 minutes), and then rose slowly to + 84°8° (24 hours) and + 91-2° 
(48 hours). In acetone, the initial downward mutarotation observed 
in every other instance was absent, the value rising rapidly from 
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+ 21:1° (6 minutes) to + 104:0° (61 minutes) and then remaining 
constant at + 100°4° (3 hours, 24 hours, 172 hours). These results 
are represented in Fig. 4. 
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Thus, in all three solvents, in the absence of piperidine, there 
was a continuous downward mutarotation at 20°, whilst at 60° 
considerable oscillation occurred, suggesting the simultaneous 
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progress of various changes at different velocities. The presence 
of piperidine up to a concentration of N’/100 appeared to effect no 
fundamental alteration in the character of the mutarotation, except 
that in the case of acetone a slow upward change succeeded the 
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initial downward progress. With N/10-solutions of piperidine, 
however, the predominant mutarotation was upward, whilst in 
chloroform solution the initial changes were very similar in general 
character to those produced by maintaining the solution at 60° in 
the absence of piperidine. It is hoped to discuss these results more 
fully after making similar examinations of the reported -nitrosite 
and related derivatives. 


Optical Rotatory Powers of Specimens of Nitrosite prepared from 
l-a-Phellandrene and melting below 121°. 


During the course of the work described above, numerous speci- 
mens of nitrosite were prepared, which, although identical in 
appearance with the material melting at 121—122°, possessed 
appreciably lower melting points. In general, such specimens on 
recrystallisation yielded the pure «-nitrosite, and possibly consisted 
sometimes of mixtures of «-nitrosite with the $-nitrosite described 
by other authors. This question is receiving further attention, 
but it is of interest to record in this place certain results of the 
polarimetric examination of such specimens. The observations 
concerned are summarised in the following table : 


[a]>” for the pure 
M. p. of aly a-nitrosite under 
specimen. (chloroform). similar conditions. 


119—120° + 142-6° 
118—119 . " +- 120-0 
115—118 ‘ ins. + 120-0 
113—114 . ins. + 120-0 
112—113 . ins. + 142-6 
111—113 a . ins. -+ 120-0 
108—109 E. phellandra : ins. + 138-5 


20° 


These results emphasise the importance of careful polarimetric 
control in the diagnosis of phellandrenes by the nitrosite method. 


We are continuing the detailed examination of the whole field 
of work indicated in this paper. We express our indebtedness to 
the McCaughey Research Fund of the University of Sydney for 
a grant in aid of the investigation, and to Messrs. W. B. 8. Bishop, 
B.Sc., and P. G. Carter, B.Sc., for assistance in distilling the crude 
oils. 
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CLXXXVII.—Investigations on the Dependence of 
Rotatory Power on Chemical Constitution. Part XX. 
The Rational Study of Optical Properties including 


Refraction. 
By Harotp HUNTER. 


AN intimate connexion between refractive index and rotatory 
power has been suspected for a considerable time, and several 
attempts have been made to elucidate it. A recent investigation 
(Part XIX, this vol., p. 434) appears to indicate that the study of 
dispersion, both refractive and rotatory, is of fundamental import- 
ance in this direction, and it is possible that the partial or complete 
failure of the earlier attempts to correlate optical properties of 
organic compounds is to be attributed to the neglect of this study. 
The importance of dispersion has been pointed out and repeatedly 
urged by many investigators, but up to the present, no satisfactory 
method for attacking the problem has been proposed. It is the 
object of the present paper to indicate the pressing need for dealing 
with the question of dispersion in an adequate manner, and to 
suggest and correlate some dispersion equations in an attempt to 
prepare the way for a satisfactory solution of the problem of optical 
dispersion as applied to natural rotatory power, refractive index, 
and magnetic rotatory power. Experimental difficulties attendant 
upon the study of dispersion are diminished by the modern improve- 
ments in the construction and accuracy of optical instruments, by 
the introduction of photographic methods of measurement, and, 
above all, by the availability of cheap and easy methods of producing 
monochromatic illumination of almost any desired wave-length. 
The theoretical difficulties, unfortunately, are not so easily 
overcome. For the rational study of optical dispersion, it is not 
sufficient to measure the numerical value of a particular property— 
refractive power or rotatory power, as the case may be—for 
light of two arbitrarily chosen wave-lengths, and to express the 
dispersion as the difference or as the ratio of these two quantities. 
It is necessary, as Lowry has already pointed out in connexion with 
rotatory power (T., 1913, 103, 1062), to determine the form of the 
function connecting the numerical value of the property with 
wave-length. Many forms of dispersion equation have been 
suggested from time to time, but the ones which appear most 
suitable for application to organic compounds are : 
(a) The Sellmeier equation for refractive dispersion, 


(1) 
as adopted by Pickard and Hunter (Part XIX, Joc. cit.). 
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(6) The Drude equation for natural rotatory dispersion, 


is 
a = > N—A,? . . . * . . . (2) 
as adopted by Lowry and Dickson (T., 1913, 103, 1067). 
(c) The Drude equation for magnetic rotatory dispersion, not as 
used by Lowry (T., 1914, 105, 81), but modified by the addition of 
a term independent of the absorption, 


_ A Bo 
é => 2 -- 2,2 ° . . . ° (3) 


where a, A, bo, Bo, ko, Ap, etc., are respectively constants characteristic 
of the substance under investigation. 

It will be observed that the equations have a common dispersion 
parameter, A 92. But A,” has a wider significance than this. It is 
the square of the wave-length of an absorption band in the spectrum 
of the substance, and has, in general, the same value in all three 
equations for any one substance under a given set of experimental 
conditions. It thus becomes possible to a certain extent to co- 
ordinate these three properties, and to correlate them with absorp- 
tion spectra. It does not appear possible, until more experimental 
figures have been accumulated, to give a precise physical significance 
to the other constants in the dispersion equations, but at all events 
they have the merit of being independent of the wave-length of 
the light used to measure the different properties. A knowledge of 
the dispersion curves of organic compounds at least gives us the 
opportunity of comparing refractive indices of different substances 
at what may be considered corresponding conditions of wave-length, 
such as, for example, points of equal slope on their refractive or 
rotatory dispersion curves, thus enabling us to dispense with the 
arbitrarily chosen wave-length. It is now possible to discuss these 
three optical properties rather more in detail. 


Refractive Power. 


The universal custom hitherto has been to study refractive power 
without regard to dispersion, the C or D lines of the solar spectrum 
being employed as illuminants because they can be produced readily 
and cheaply in the laboratory. As a result of more than thirty years 
of investigation, it has come to be very generally accepted that the 
property of refractive power is the most additive, with the exception 
of molecular mass, of all physical properties studied by the chemist. 
Whilst refractive power can be taken to be additive within very 
broad limits when the dominant absorption bands of the substances 
considered are sufficiently far removed in the ultra-violet region of 
the spectrum, or when all the substances considered have the same 


(2) 


ot as 
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or nearly the same dominant absorption band, it must now be 
admitted that many discrepancies between theory and practice have 
been found. It is submitted that the older wide view must now be 


‘abandoned, that the effect of constitution upon refractive power is 


much more complex than is commonly supposed, that the present 
formule for the calculation of refractive power, together with the 
values of atomic refractive powers associated with them, are 
inadequate for their purpose and powerless as instruments for further 
research, and that the study of refractive power must be approached 
from an entirely new point if results of value are to be obtained. 

The formule in common use at the present time are those due to 
Gladstone and Dale and to Lorenz and Lorentz. The earliest values 
of the atomic refractive powers of the various elements for use 
with these formule were those proposed by Conrady and Zecchini. 
These values remained the accepted standards for more than twenty 
years, but although they are still used to a certain extent, they are 
by no means to be relied upon, the list of figures which appears in 
nearly all the text-books of the present time containing many 
obvious inconsistencies. 

The values of the atomic refractive powers of the common 
elements were recalculated by Eisenlohr (Z. physikal. Chem., 1910, 
75, 585) for the Lorenz and Lorentz formula. The values are 
calculated for four lines of the spectrum, and the values of the atomic 
refractive power for any one element or group decrease in a regular 
manner with increasing wave-length of light. It must be pointed 
out, however, that the figures are not nearly accurate enough for 
their purpose. If we consider the equation 

R = (n® — 1)/(n? + 2), 
then by simple differentiation, 
dR _ 6n? dn 
R (n? — 1)(n? +2) n’ 
and when n = 1414 (a sufficiently representative value for organic 
compounds), 
dR/R = 3dn/]n. 

Refractive indices of organic liquids are often quoted to six 
significant figures. We will not pause to consider how far this 
practice is justified, but in such a case the present author can 
scarcely be accused of undue severity if he regards the fifth signi- 
ficant figure as absolute. It will be taken, then, that refractive 
indices can be measured to one part in 15,000—experimental error 
does not affect the fourth decimal place. It then follows that the 
expression R above can be measured to one part in 5,000. As 
densities can be measured with an accuracy of two units in the 
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fourth decimal place, any discrepancy between observed and 
calculated values of molecular refractive power which amounts 
to more than 0°02 per cent. is evidence that this property is not 
additive. For the purpose of obtaining the refractive powers of 
the methylene group and of hydrogen, Eisenlohr (loc. cit.) quotes 
the following figures for the D line : 
Methylene group. Hydrogen. 
In hydrocarbons . In paraffins 
In polymethylenes 6 In alcohols 


In aldehydes and ketones . 
In acids 


It is obvious that with figures such as these, refractive power 
cannot legitimately be regarded as an additive property. With 
such large variations, there can be no justification for the assumption 
that the values for the same atom or group in different compounds 
are substantially identical and are best represented by their “ mean.” 
The result of these discrepancies is that it is impossible to obtain 
satisfactory values for the calculated moiecular refractive power of a 
compound. For a simple and straightforward compound like 
n-hexane, for instance, we get— 

from Eisenlohr’s mean figures, [R,]p = 29°908 
from Eisenlohr’s actual figures, [R,]p = 30°019 


values which differ by 18 parts in 5,000, corresponding to a difference 
of nearly two units in the third decimal place in the refractive index. 

It is thus apparent that refractive power as calculated at the 
present time is not of much value for confirming constitutional 
formul assigned to organic compounds. The “standard ” values 
differ amongst themselves by far more than the allowable experi- 
mental error. 

In 1920, Eisenlohr and Wohlisch (Ber., 1920, 53, [B], 1746) 
abandoned all formule for refractive power which involve a function 
of the refractive index together with the inverse of the density. 
They point out that high refractive index is in nearly all cases 
associated with high density, so that changes in the values of these 
properties will tend to neutralise each other in any formula of the 
Gladstone or the Lorenz type. Consequently, they propose a 
formula for molecular refractive power which does not involve the 
density—MR = Mol.Wt. x n?”. This formula requires that all 
isomerides should has the same refractive index, which is in 
conflict with much experimental evidence. In order to get over this 
difficulty, these authors are forced to recognise that chain branching, 
and, in particular, the presence of a gem-dimethyl group in the 
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molecule, has a constitutional effect on the refractive power. 
Apart from this, however, they consider that refractive power, at 
all events in aliphatic compounds and monosubstituted benzene 
derivatives, is sufficiently additive in character to allow them to 
assign atomic refractive powers to the various elements and ring 
formations. Up to the present, they have quoted values only for 
carbon, hydrogen, and oxygen—it is remarkable that the value for 
hydrogen is negative—so that an examination of the proposal is 
restricted practically to aliphatic compounds containing only these 
three elements. Yet another restriction is imposed by the fact that 
their figures apply only to refractive indices determined for the D 
line at 20°. A few figures are, however, available, and are collected 


in Table I. 


TaBLE I[.* 
An in units 
of the 4th 
place. 

Compound. n obs. n’cale. + - Observer. 
N-HEXANC ......0e00e. 137536 1-37449 9 Brihl 
Amylene _ .........06. 1-37356 1-37885 31 9 
Ethyl alcohol ...... 1-36138 1-36076 6 Korten 
n-Propyl alcohol ... 1-38543 1-38552 1 Brihl 
n-Butyl alcohol ...... 1-39909 1-40092 18 99 
sec.-Octyl alcohol ... 1-4256 1-42943 38 Pickard and Kenyon 
Ethylene glycol...... 1-42743 1-43176 43 Landolt 
Glycerol ........cc0000- 1-47293 1-48060 77 % 

Allyl alcohol ......... 1-41319 1-41349 3 Briihl (mean of two) 
Acetaldehyde ...... 1-33157 = 1-32906 25 Landolt 
n-Butaldehyde ...... 1-38433 1-38266 17 Brihl 
Acraldehyde ......... 1-39975 1-39010 96 ” 
n-Heptaldehyde...... 1-42571 1-41370 120 as 
TEDUONED 60605 00440c0500 1-35915 1-35509 41 Landolt 
Methylhexylketone 1-41613 1-41616 ae Brihl 
Diethyl ether ...... 1-3566 1-35273 39 Gladstone 
Propyl ethyl ether... 1-36948  1-37083 14 Brihl 
Methylal — ....2...000. 1-35344 1-34920 42 ” 
Acetic acid _.......... 1:37182 1-36860 32 Landolt 
n-Butyric acid ...... 139789  1-39978 19 Brihl 
Lactic acid ......... 1-43145 1-43546 40 Landolt 
n-Propyl acetate ... 1:38438  1-38394 44 Briihl 
Ethyl carbonate ... 1-38523 1-39093 57 ” 
Ethyl oxalate......... 1-41043 1-40532 51 ” 
Acetic anhydride ... 1:39038 1-36406 263 Landolt 
BOMEBONG. <ecccsccccesecs 1-50020 1-50036 2 Parker and Thompson 
UD secre ccovenscas 1-49552 = 1-49559 1 Brihl 
Cinnamy]l alcohol ... 1-58190 1-52275 592 “i 
Benzaldehyde ...... 1-54638 1-50951 368 Landolt 
Furfuraldehyde ...... 1-52608 1-47451 516 Brihl 
Paraldehyde ......... 1-40486 1-43055 257 % 
Seen 1-38193 1-39108 92 ” 
Ethyl citrate ......... 1-44554 1:49027 447 ” 
BRE sevscicccescoss 1-55033 1-52762 227 Landolt 


* Many of these values are taken from the list compiled by Eisenlohr 
himself (Z. physikal. Chem., 1910, '75, 585). The remainder are from the 
published work of other investigators in this field. 
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It will be noticed that observed and calculated refractive indices 
are compared, so that the differences in the fourth decimal place 
of the refractive index recorded in the fourth column represent the 
departure from additivity of the property of refractive power calcu- 
lated in this manner. A few ring and branched-chain compounds 
are included at the end of the list. In all cases allowance has been 
made as indicated by Hisenlohr and Wohlisch for unsaturation and 
ring formation, but not forchain branching. It will be observed that 
in most cases the differences are too serious to be neglected, whilst 
in many of them they are very large indeed. Furthermore, it is 
to be expected that when compounds containing other elements, 
such as nitrogen or sulphur, are considered, the discrepancies will 
become even greater. With the Lorenz and Lorentz formula, 
Eisenlohr distinguished three kinds of oxygen linking in the molecule 
and assigned a different value to the atomic refractivity of each one. 
Similarly, he distinguished thirty different kinds of nitrogen 
(“‘ Spektrochemie organische Verbindungen,” 1913, p. 62). In his 
new method, he recognises six different kinds of oxygen; one awaits 
with considerable interest the list of atomic refractive powers of 
nitrogen in different states of combination. 

None of these methods of calculating refractive power takes 
account of dispersion. There is no a priori reason why the D line 
alone should be used in a rational method for the study of refractive 
index. Up to the present, a certain amount of success has attended 
the efforts of investigators who have employed this illuminant to the 
exclusion of all others, but it is submitted that this success is merely 
superficial and has no real significance. It is due largely to two facts : 

(a) The relative crudity of the formule employed. The accepted 
standard figures are not sufficiently accurate for their purpose, 
and the method of calculating and expressing refractive power 
encourages investigators to ignore differences between calculated 
and experimental figures of many times the experimental error. 

(6) The transparency of the substances investigated. The greater 
part of the material examined refractometrically in the past was 
transparent in the visible and the near ultra-violet regions of the 
spectrum, It thus becomes obvious that the earlier workers could 
afford with impunity to ignore the effects of dispersion. The light 
rays with which they worked had wave-lengths which were so very 
far removed from those of the characteristic absorption bands of 
the substances they had to deal with that it was really a matter of 

indifference which line of the spectrum they chose as a standard. 
The dispersion curves of the substances used in the visible region of 
the spectrum were flat, and their absorption asymptotes were very 
far away in the remote ultra-violet, so that the slight changes in the 
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refraction introduced by small alterations in the position of the 
absorption asymptote from substance to substance were completely 
masked by the insensitive nature of the formule employed. 

With the refinement of experimental method, however, and, what 
is more important, with the ever-widening scope of the investigation 
to include substances of more complicated chemical structure, the 
accepted method has begun to break down. So long as the empiricist 
has to deal with simple organic compounds containing only carbon, 
hydrogen, and oxygen, his formule serve him well enough— 
especially when they are so effective in concealing the true magnitude 
of the discrepancies involved—because the absorption band con- 
trolling the dispersion is far removed from the region of observation. 
It now becomes clear why it is impossible to assign any one value to 
the atomic refractive power of elements of variable valency like 
nitrogen, sulphur, and phosphorus; why special values have to be 
introduced to account for the effect of double and triple bonds ; 
why special values have to be assigned to the refractive effect of 
ring closure, and why still further modifications have to be introduced 
into the figures for conjugated systems of double bonds, or of ketonic 
groups, or of one with the other. All these effects tend to produce 
colour in the molecule, that is to say that they bring the dominant 
absorption band in the spectrum of the substance nearer to the 
visible region, and thus cause the effects of dispersion to become 
more and more marked. The inadequacy of the formule for the 
calculation of refractive power is now no longer a sufficient cloak 
for concealing the neglect of dispersion, and the method obviously 
breaks down. It is therefore suggested that a new method be 
adopted: that the form of the refractive dispersion curves for 
organic compounds be studied. If the constants of the dispersion 
equations are used for the purposes of comparison of one compound 
with another, the question of a standard wave-length will not arise, 
and, provided that no attempt is made to obscure the real scientific 
issue by the use of formule such as those of Gladstone and Dale or 

of Lorenz and Lorentz, it may reasonably be hoped that the true 
nature of refractive power, showing in all probability strongly 
marked constitutive character, will be revealed. It is suggested 
that the Sellmeier equation (1) will prove very suitable for this 
purpose. 

Natural Rotatory Power. 

The Drude equation (2) has already been used with marked 
success to express the natural rotatory dispersion of organic com- 
pounds, mainly by Lowry and Pickard and their collaborators. 
Pickard and the present author have shown, further, that in the 
case of d-y-nony] nitrite (loc. cit.), Ag has the same value in both the 
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Sellmeier equation (1) and the Drude equation (2), and also that it 
is identical with the wave-length of the head of an absorption band 
in the spectrum of that substance. 

Recent work in these laboratories points to the fact that this 
is probably a general rule for all organic compounds, and perhaps 
for all optically active substances, thus affording welcome evidence 
of the validity of both these dispersion equations. d-sec.-Octy] 
alcohol may be quoted as one example. 


Refractive Dispersion of d-sec.-Octyl Alcohol. 

The refractive dispersion of this compound at 20° can be expressed 

by the equation 
n* = 1°6913 + 0°313A"/(A2 — 0:0283*), 

where A denotes the wave-length in microns. The agreement 
between the observed and calculated figures for values of 4 between 
6438 and 4358 A.U. is within the limit of experimental error 
(Table IT). 


TABLE II. 

ain ALU. n” obs. n” calc. Difference. 
6438 1-4238 1-4238 aos 
5896 1-4256 1-4256 a 
5461 1-4273 1-4273 = 
5086 1-4292 1-4293 +0-0001 
4800 1-4311 1-4312 +0-0001 
4678 1-4320 1-4320 a 
4358 1-4349 1-4350 +0-0001 


Rotatory Dispersion of d-sec.-Octyl Alcohol. 


The rotatory dispersion of this compound at 16° can be expressed 


by the equation 
[a] = 3:14/(A* — 0°0283) 


with \ in microns as before. The observed and calculated figures 
for values of A between 6438 and 3650 are collected in Table ITI. 


Taste III. 


ain A.U. [a] obs. [a] cale. Difference. 
6438 8-12 8-13 +0-01 
5893 9-86 9-85 —0-01 
5461 11-65 11-64 —0-01 ; 
- 5086 13-58 13-63 +0-05 —— 
4800 15-46 15-54 +09-08 | "ecmes- 
4678 16-42 16-47 +0-05 
4358 19-49 19-43 —0-06 
4251 20-6 20-0 0-6 
3969 24-2 24-2 + | Photographic 
3790 27°3 27:3 ote measurements. 
3650 29-9 30:7 +0°8 J 


* This figure was determined from the measurements of rotatory power 
recorded in Table III. 
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In the case of quartz, the agreement is very striking indeed. 
Using figures for A, and A, calculated from early refractometric 
determinations, Lowry (Phil. Trans., 1912, [A], 212, 261) has shown 
that the natural rotatory dispersion of quartz can be expressed by 
the equation 


i=. es 
degrees A” — 0°010627 rA2 — 78-22 2 
per mm, 


throughout the visible spectrum from A 4358 to \ 6708 A.U. with an 
accuracy of about 1 part in 25,000. The accuracy of the early 
determinations of the refractive index of quartz is open to question, 
but the author has had occasion to fit a Sellmeier equation to 
Gifford’s later, and much more trustworthy figures (Proc. Roy. Soc., 
1902, 70, 239; 1910, 84, 193), and finds that the equation 
P a5 «ail 1:00317A2 0°8275\2 

wtieyny | oT? + 53 ool0ea + A — 7822 
with the same dispersion constants, expresses the refractive index 
throughout the spectrum from \ 7950 to 4 3303 A.U. with an accuracy 
of about 1 part in 150,000. 


Magnetic Rotatory Power. 


The study of magnetic rotatory dispersion is at present in an 
undeveloped and unsatisfactory state. Wiedemann’s law of the 
proportionality of natural and magnetic rotatory powers has been 
shown to be invalid for organic compounds (Lowry, Pickard, and 
Kenyon, T., 1914, 105, 94). Lowry has proposed (ibid., p. 81) 
an equation of the Drude type (2) to express the magnetic rotatory 
dispersion of organic compounds, and has found that, in every 
case so far examined, one term only of such an equation is required. 
It appears to the author, however, that this proposal is somewhat 
unfortunate, and he would prefer, for two reasons, to regard it as 
a first approximation only. 

First, it is quite conceivable that a substance should exhibit 
simple natural rotatory dispersion, but complex magnetic rotatory 
dispersion. The converse case, however, seems much less likely. 
Natural rotatory dispersion is affected only by those electrons 
within the molecule which move in asymmetric paths; refractive 
dispersion, on the other hand, is influenced by all the vibrating 
electrons in the molecule (provided, of course, that their periods are 
sufficiently small) whether they move in asymmetric paths or not. 
It would seem legitimate, too, to assume that the phenomenon of 
magnetic rotatory dispersion is due to the fact that the magnetic 
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field imposes an elemerit of asymmetry upon the paths of all the 
electrons controlling refractive dispersion. Unless, therefore, it is 
assumed that the magnetic field acts selectively and influences 
certain electrons rather than others, which seems at present an 
unnecessary multiplication of hypotheses, it would appear impossible 
for fewer electrons to influence magnetic than natural rotatory 
power. Further, because of the great similarity between the physical 
mechanism of refractive and magnetic rotatory dispersion, it would 
appear desirable to adopt dispersion equations for both these 
properties which indicate this similarity of mechanism by a similarity 
of form. It is claimed that the dispersion equations (1) and (3) 
fulfil this condition. 

Secondly, if we consider a substance which exhibits both simple 
magnetic and simple natural rotatory dispersion, we should expect 
its natural and magnetic rotatory dispersion ratios for two given 
wave-lengths to be identical, unless it is assumed that a magnetic 
field alters the position of the dominant absorption band. In other 
words, it would seem that Lowry, Pickard, and Kenyon (loc. cit.) 
have made two contradictory statements— 

(i) That a Drude equation (2) with one term can be applied to the 
magnetic rotatory powers of many organic liquids. 

(ii) That Wiedemann’s law is not valid for any of these liquids. 
These investigators attempt to reconcile the two statements by 
assuming that A, is not the same in the two dispersion equations. 
There appear to be two ways in which this could occur. The 
magnetic field might alter the position of the absorption band—a 
Zeeman effect on a hitherto unprecedented scale. Were this the 
case, we should expect the shift to be proportional to the strength 
of the field, so that the dispersion would vary with the field strength, 
and it would be futile to propose a dispersion equation which does 
not take account of this fact. The only other way out of the 
difficulty appears to be to assume that the effect of the magnetic 
field is to suppress one band entirely and to bring another into 
prominence. In view of the considerations brought forward in 
this communication and in Part XIX, it is very difficult to accept 
this hypothesis. 


The Natural and Magnetic Rotatory Dispersions of Ethyl 
T artrate. 


The points discussed above are well illustrated by the optical 
properties of ethyl tartrate. It is well known that the natural 
rotatory dispersion of this compound cannot be represented by 
a Drude equation with one term. Lowry and Cutter (T., 1922, 121, 
532) have recently shown that its natural rotatory power can be 
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expressed, at least in the visible and the near ultra-violet regions of 
the spectrum, by the equation 


fay — 25005 _ 20678 
2 — 0:03 2 — 0°056 
which predicts the presence of absorption bands at A = 4/003 
and \ = 4/0056, that is, at 1.1730 and 42370 A.U. Its magnetic 
rotatory power can be expressed, according to Lowry, Pickard, and 
Kenyon (loc. cit.), by a one-term Drude equation of type (2), and 
its magnetic rotatory dispersion ratio, S4955/854¢1, is 1°630. This 
gives a value for Ay of 1350 A.U. The discrepancy is far too great 
to be ascribed to experimental error, even if we could explain the 
fact that the natural rotatory dispersion equation requires two 
terms, whilst the magnetic rotatory dispersion equation requires 
only one. It is inconceivable, too, that the position of the dominant 
absorption band can have been moved at least 400 AU. merely by 
the application of a magnetic field. 
It appears far more probable that the magnetic rotatory dis- 
persion of ethyl tartrate is represented by the equation 


A B C 
= 2 + 003 T 2 — 0056" 


Then, with measurements confined to the visible spectrum, the 
form of the equation would appear to be 


5 = D/(A* — 9”), where A,? is less than 0°03. 


The adoption of the magnetic rotatory dispersion equation, 


_A By 
é = 2 + 3 2 — d,?’ 


would also explain the fact that, in general, magnetic rotatory 
dispersion ratios are smaller than the corresponding natural rotatory 
dispersion ratios. Where the converse is the case, notably in 
aromatic compounds, it is probable that the substance in question 
possesses a refractive absorption band of less refrangibility than 
its rotatory absorption band. This equation also possesses the 
advantage that it contains a term corresponding to the dielectric 
constant, and thus the connexion between refraction and magnetic 
rotation is clearly brought out. 

It is submitted, therefore, that there is no such phenomenon as 
simple magnetic rotatory dispersion considered in the same sense 
as simple natural rotatory dispersion : the dispersion equation must 
always contain at least two terms. But because of the fact that the 
individual terms are all positive (negative magnetic rotatory power 
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is unknown at present amongst organic compounds, so that anomal- 
ous magnetic rotatory dispersion similar in type to the anomalous 
natural rotatory dispersion of ethyl tartrate has not yet been 
observed) and because some of them may be small, an average term 
can, and often does, replace the actual ones with little loss of accuracy 
as far as measurements in the visible region of the spectrum, remote 
from the absorption bands, are concerned. 

Quite recently, measurements of magnetic rotatory dispersion of 
some organic compounds have been made in the near infra-red 
spectrum by Ingersoll (J. Opt. Soc. Amer., 1922, 6, 663). This in- 
vestigator is inclined to prefer the dispersion equation 6 = ki .dn/di, 
to express his results, but an inspection of his experimental curves 
shows clearly that this formula is not the one best fitted for his 
purpose. The deviations which he ascribes to experimental error 
are nearly all in one direction, and appear to point definitely to 
equation (3) as being more suitable. 


Summary. 


1. Emphasis is again laid on the importance of dispersion effects 
in the study of optical properties. 

2. Dispersion equations are adopted for natural rotatory power, 
refractive index, and magnetic rotatory power, which can easily be 


applied to organic compounds. 

3. It is shown that refractive power*is much more constitutive 
than has hitherto been supposed. The accepted methods of 
calculation are shown to be inadequate and even harmful, because 
they have conferred on this property an appearance of additivity 
which is as misleading as it is false. 

4. The proposed dispersion equations demonstrate clearly the 
connexion between the four optical properties, natural and magnetic 
rotatory powers, refractive index, and absorption spectrum. 

5. From the magnetic rotatory dispersion formula suggested, it 
becomes clear why Wiedemann’s law is not obeyed by organic 
compounds. 


In conclusion, the author wishes to thank Drs. R. H. Pickard and 
J. Kenyon for their assistance and interest; and he has to acknow- 
ledge the receipt of a personal grant from the Department of 
Scientific and Industrial Research. 
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CLXXXVIII.—Ring-chain Tautomerism. Part VI. 
The Mechanism of the Keto-cyclol Change in the 
Propane Series. 


By Eric Wimu1aM LanreaR and JoOcELYN FizLpD THORPE. 


Ir has been proved hitherto that tautomerism occurs between the 
two forms (I) and (II) when R = ethyl (Deshapande and Thorpe, 
T., 1922, 121, 1430) or n-propyl (Bains and Thorpe, this vol., 


C(OH)-CO,H CO-CO,H qx) 
CH-CO,H CH,-CO,H 


p. 1206), but that when R = methyl or R, = methyl ethyl (Singh 
and Thorpe, this vol., p. 113) the hydroxy-ring form (I) is incapable 
of existence and the open-chain keto-form (II) is alone stable. 
This follows from the fact that the dibromo-esters of type (II), 
when treated with methyl-alcoholic potash or aqueous potassium 
hydroxide, yield mixtures of the hydroxy-ring acid (I) and the 
keto-acid (II) when R = ethyl or n-propyl, but give only the 
methoxy-derivative (IV) and the keto-acid (Il) when R = methyl 
and R, = methyl ethyl. 


CHBr:CO,Et C(OMe)-CO,H IV.) 
CHBr-CO,Et RC<hnco,H 


The discovery (Singh and Thorpe, loc. cit.) that both the cis- 
and trans-forms of the methoxy-derivative (IV) in the dimethyl 
and methyl ethyl series passed quantitatively into the open-chain 
keto-acid (II) on hydrolysis showed conclusively that the hydroxy- 
ring acids (I) in these series were incapable of existence and that 
when a hydrogen atom was introduced in place of the methyl 
group in the methoxy-compound it passed at once to the neigh- 
bouring «-carbon atom, leading to fission of the ring and to the 
formation of the keto-acid. 

On the other hand, in sharp contrast with this behaviour, it 
was found (Beesley, Ingold, and Thorpe, T., 1915, 107, 1103) 
that when R, represents a cyclohexane ring the sole product formed 
from the dibromo-ester of type (III), or its lactone, was the 
hydroxy-ring acid (I). This acid was found to be quite stable 
towards strong aqueous potash and it is evident, therefore, that 
there is no tendency for the cyclopropane complex to undergo 
fission in a compound of this type. 

The general hypothesis which was suggested to explain these 
phenomena assumed that the angle at which two of the valencies 


of a carbon atom emerged from the nucleus could be profoundly 
3M2 


(L) R,C< 


— R,C< 


(IL) R,C< 
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affected, and that two of the causes leading to the change were 
(a) the volume of the groups attached to the other two valencies, 
and (6) the inclusion of these two other valencies in a ring complex, 
the internal angles of which can be assumed to be fixed. 

The following table shows how far this hypothesis is supported 
by the experimental facts already discovered : 


Calculated Equilibrium. 
angle Hydroxy- 
Ro <z Keto-acid. ring acid. 
R,. R * Percent. Per cent. 
2 Hydrogens 115-3° 100 0 
2 Methyls 0 
Methyl ethyl 0 
2 Ethyls : : 62 
2 n-Propyls - af 71 
cycloHexane 100 


* We have no means at present of determining the volume effect of these 
groups. 


It has been suggested that the effect produced in the manner 
described above may not be due, as we suppose, to an alteration 
in the valency direction, but may be brought about by some other 
cause, for example, the induced polarities of the carbon atom 
forming the grouping R,. In order to meet this criticism we have 
now subjected the compounds in which R, represents a cyclo. 
pentane complex to a close experimental study, because it is 
evident that if the alteration of the tetrahedral angle is the deter- 
mining cause of the observed phenomena the cyclopentane ring, 
which gives rise to a calculated angle of 109°4°, ought to exert an 
influence very similar to that of the dimethyl group. If, on the 
other hand, polarity is the cause, the effect produced by the cyclo- 
pentane ring ought-to be similar to that observed in the case of 
the diethyl derivative. The experiments described in this paper 
show conclusively that the cyclopentane derivatives are similar to 
the dimethyl derivatives in their reactions and behave quite 
differently from those based on diethyl. Hence the hypothesis 
advanced by us is fully substantiated. 

During the course of these experiments we were able to discover 
facts which clearly show the mechanism of the tautomeric change 
between the keto-acid and the hydroxy-ring acid. From the first, 
it has always been a matter of wonder that the slight variation in 
angle shown by the table should bring about the great difference 
in chemical properties indicated in the right-hand column, especially 
when it was remembered that, under normal conditions, the cyclo- 
propane ring is not easily formed. The present experiments 
provide a complete explanation of this, for it has been found that 
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when the cyclopentane dibromo-ester (V) is treated with aqueous 
potash there is formed mainly the keto-acid (VI), but that when 
methyl-alcoholic potash is used a mixture of the hydroxy-ring 
acid (VII) and the methoxy-derivative (VIII) is produced. 


CH,-CH BrCO,Et  CH,-CH,\,,-C0-C0,H 
V. g Vets <CH 2 oils 2 VI. 
sé bH.cH.° CHBr-CO,Et OH.-CH.” °<cH,-cO,H — 


CH,°CH, C(OH)-CO,H CH,°CH.\, enna 
bH,CH,” SCH-CO,H OH.-CH,” °SGH-cO,H 
(VIL) (VIII.) 
1x. CH,CH, C(OH):CO 
vai by,cH. <GH—co7 ’ 

Both the hydroxy-ring acid (VII) and the keto-acid (VI) are 
stable towards aqueous potash, but the former is completely con- 
verted into the latter by hydrobromic acid. Moreover, the 
methoxy-derivative (VIII) yields the keto-acid (VI) on hydrolysis 
with hydrobromic acid. 

At first it seemed difficult to reconcile the existence of the 
hydroxy-ring acid (VII) with our general hypothesis. Indeed, had 
it not been for the isolation of the methoxy-derivative and its 
hydrolysis to the keto-acid, it would have appeared as if the cyclo- 
pentane derivatives were simulating the diethyl compounds and 
not those containing the dimethyl group, in spite of the fact that 
the keto-acid and the hydroxy-ring acid could not be shown to be 
tautomeric. The problem of bringing these results into line pre- 
sented many difficulties, until it was discovered that the hydroxy- 
ring acid, unlike any other compound of the type prepared hitherto, 
readily gave an anhydride (IX). It is evidently, therefore, a 
cis-acid, with the carboxyl groups on the same side of the plane 
of the ring, whereas all the other hydroxy-ring acids which have 
been isolated are trans-forms and do not give anhydrides. More- 
over, it is evidently only the trans-modifications which undergo 
fission, for the fact that the cyclopentane hydroxy-ring acid (VII) 
passes into the keto-acid on treatment with hydrobromic acid 
can readily be explained on the assumption that conversion from 
the cis- into the trans-form precedes fission. Hitherto, in one 
instance only, has the methoxy-derivative of type (IV) been isolated 
in cis- and trans-forms and that was in the case of the methyl 
ethyl derivative (Singh and Thorpe, Joc. cit.). The fact that both 
forms gave the same keto-acid with hydrobromic acid is, however, 
clear evidence that the cis-form passes into the trans under the 
experimental conditions employed. 

It follows that the two stereoisomeric hydroxy-ring acids must 
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behave differently, the one (cis) being stable and the other (trans) 
at once undergoing fission to form the open-chain keto-acid, where 
this form is stable. The only explanation which is adequate to 
meet this remarkable fact removes also the difficulty regarding 
ring formation mentioned above, because it is evident that if the 
trans-form is the unstable form the instability must be due to 
interaction between the hydroxyl and the carboxyl group which, 
in this modification, are on the same side of the plane of the ring. 
Consequently, the mechanism of the change can be represented 
as follows : 


C0,H CO,H 
C-OH C—O 

OH (A 

RC< Groot == BC<gb<0H 4) 
0,H 


CO-CO,H =O 
gC . == H (B 
Ry <cH,-CO,H CH=C<ont ©) 


Tautomerism takes place, therefore (in the diethyl and di-n-propyl 
series) between the two forms A and B (potassium salts) and not 
directly between the cyclopropane ring and the open-chain ketone. 


EXPERIMENTAL. 


Bromination of cycloPentane-1 : 1-diacetic Acid.—The bromin- 
ation was carried out in exactly the same way as in the case of 
cyclohexane-1 : 1-diacetic acid (Beesley, Ingold, and Thorpe, T., 
1915, 107, 1093). The product consisted almost entirely of ethy! 
a«’-dibromocyclopentane-1 : 1-diacetate (V). 

Hydrolysis of the Bromo-ester. cis-cycloPentanespiro-l -hydroxy- 
eyclopropane-1 : 2-dicarboxylic Acid (VII).—One hundred grams of 
the dibromo-ester (V) were added, as quickly as was consistent 
with safety, to a boiling solution of 200 grams of potassium hydr- 
oxide in 600 c.c. of methyl alcohol, and the mixture was boiled 
for a further twenty minutes. The alcohol was then evaporated 
off entirely, and the filtered, aqueous solution of the dry residue 
was acidified with hydrochloric acid and extracted five times with 
its own volume of ether. The ethereal solution, partly dried with 
calcium chloride and evaporated nearly to dryness, deposited 
crystals of cis-cyclopenianespiro-1-hydroxycyclopropane-1 : 2-dicarb- 
oxylicacid. ‘These were collected—the filtrate being kept—and dried 
in an evacuated desiccator for two days. The acid was triturated 
with sodium-dried ether, in which it is insoluble, and recrystallised 
from chloroform, separating in crystals melting at 163°. Yield 
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93 grams (Found: C = 540; H=62. C,H,,0; requires C = 
54:0; H = 6-0 per cent.). 

The disilver salt was prepared from silver nitrate and the am- 
monium salt in aqueous solution (Found: Ag = 52-1. C,H,)0,;Ag, 
requires Ag = 52-2 per cent.). 

Anhydride of cis-cycloPentanespiro-l-hydroxycyclopropane-1 : 2- 
dicarboxylic Acid (X1I).—The cis-hydroxy-ring acid (2 grams) and 
acetyl chloride (10 grams) were heated together for two hours, 
and the excess of acetyl chloride was evaporated. The viscous 
residue solidified on keeping over potassium hydroxide in a vacuum. 
The anhydride separated from ether in large crystals melting at 
71°. On treatment with dilute alkali and subsequent acidification, 
it yielded the original cis-hydroxy-ring acid. Yield 1-7 grams 
(Found: C = 596; H= 5-7. C,H,)0, requires C = 594; H= 
5-5 per cent.). 

The dianilide was prepared by heating the anhydride with excess 
of aniline at 190° for three hours. It was recrystallised from 
ether, forming colourless needles melting at 107° (Found: N = 8-2. 
C,,H,.0,N, requires N = 8-0 per cent.). 

cis- and trans-cycloPentanespiro-1-methoxycyclopropane-1 : 2-di- 
carboxylic Acid (VIII).—The ethereal filtrate obtained in the pre- 
paration of the ring-hydroxy-acid having been evaporated, and the 
residual gum made to solidify by keeping in an evacuated desiccator 
for a week, the solid was ground with sodium-dried ether, in which 
the methoxy-acids dissolved, the insoluble ring-hydroxy-acid was 
removed, and the filtrate evaporated to dryness, when 18 grams 
of a mixture of the cis- and trans-methoxy-acids, melting at 108— 
120°, were obtained. 

Attempts to separate these acids by fractional crystallisation 
were fruitless, owing to their extreme solubility in all solvents 
except light petroleum, which, when added to the solution in 
another solvent, precipitated the two acids together as an oil. 
The solid was therefore treated with a mixture of acetyl chloride 
and a small quantity of light petroleum in the cold. The cis-acid 
was converted into the anhydride, which dissolved, whilst the 
trans-acid was unattacked. The latter was removed, and re- 
crystallised from dry ether, small crystals melting at 175° being 
obtained (Found: C= 558; H=6-5. C,9H,,0; requires C = 
56°1; H = 6°5 per cent.). 

The disilver salt was obtained by treating the acid with silver 
nitrate and ammonia in aqueous solution (Found: Ag = 50-3. 
Ci9H,,0;Ag, requires Ag = 50-4 per cent.). 

To obtain the cis-acid, the filtrate containing the anhydride 
was evaporated and the residue dissolved in dilute potassium 
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hydroxide solution, which was then filtered, acidified, and extracted 
with ether. The solvent was evaporated and the residue crystal. 
lised from a mixture of ether and light petroleum. The crystals 
obtained melted at 160° (Found: C = 55-9; H = 6-62. C4 H,,0, 
requires C = 56-1; H = 6-54 per cent.). 

The disilver salt was prepared from the ammonium salt and silver 
nitrate in aqueous solution (Found: Ag = 50-5. Cj, 9H,,0;Ag, 
requires Ag = 50-4 per cent.). 

a-Ketocyclopentane-1 : 1-diacetic Acid (VI).—This acid was 
obtained by the action of boiling strong hydrobromic acid on 
either the ring-hydroxy-acid (VII) or the ring-methoxy-acid (VIII). 

A solution of the ring-hydroxy-acid (5 grams) in 50 c.c. of 
hydrobromic acid (d 1-49) was boiled under reflux for two hours, 
the hydrobromic acid then evaporated, and the residue dissolved 
in a large quantity of ether. The solution was filtered, as some 
charring had occurred, and evaporated as completely as possible 
on the water-bath. The residue was dissolved in a large quantity 
of ether, and the small quantity of water which remained was 
removed. The ether was evaporated, and the viscous residue kept 
for three weeks in an evacuated desiccator containing potassium 
hydroxide. The crystals that separated were pressed on a porous 
tile and recrystallised from a mixture of ether and light petroleum; 
the product melted at 112° (Found: C=53-7; H= 6-1. 
C,H,,0, requires C = 54:0; H = 6-0 per cent.). 

A quinoxaline derivative was prepared by heating the keto-acid 
and o-phenylenediamine in glacial acetic acid, and separated as a 
crystalline precipitate, melting at 222°, on diluting the solution with 
water (Found: C = 66-01; H= 5-90; N=10-02. C,,H,,0,N, 
requires C = 66-24; H = 5-88; N = 10-29 per cent.). 

The keto-acid was also obtained by hydrolysis of the bromo- 
ester (V) with aqueous potassium hydroxide. Two grams of the 
dibromo-ester were added drop by drop to 15 c.c. of boiling 64 per 
cent. aqueous potassium hydroxide (b. p. 150°). The boiling was 
continued for twenty minutes. When cold, the solution was 
diluted to 100 c.c., acidified with dilute hydrochloric acid, and 
extracted five times with its own volume of ether. The extract 
was evaporated and the residue, having been seeded with a crystal 
of the keto-acid, was placed in an evacuated desiccator, where it 
slowly solidified. The solid was moistened with ether, pressed on 
a porous tile, and recrystallised from a mixture of ether and light 
petroleum. Yield 0-6 gram. 

A silver salt was prepared by adding silver nitrate to the am- 
monium salt in aqueous solution (Found : Ag = 52-1. C,H, ,0;Ag, 
requires Ag = 52-2 per cent.). 
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Reaction of Hydrogen with Sulphur and ts 
Catalysis by Oxygen. 


By RonaLp GEORGE WREYFORD Norrish and Eric KEIGHTLEY 
RIDEAL. 


Part II. The Catalytic Effect of Oxygen on the Direct Combination 
of Hydrogen and Sulphur. 


In carrying out the experiments on the direct union of hydrogen 
and sulphur described in Part I (this vol., p. 704), hydrogen, diluted 
to give various partial pressures by admixture with nitrogen, was 
passed over the heated sulphur. In the preliminary experiments, 
the interesting fact was discovered that hydrogen so diluted was 
far more active in the formation of hydrogen sulphide than pure 
hydrogen, pointing to the fact that either the nitrogen or some 
contained impurity was catalysing the reaction. The most obvious 
impurity to look for was oxygen, and analysis showed that the gas 
delivered by the cylinder contained 7‘0 per cent. of oxygen. When 
this oxygen impurity was removed by passing the hydrogen- 
nitrogen mixture over hot palladised copper, all trace of catalysis 
disappeared, the union of hydrogen and sulphur proceeding with a 
smaller velocity than when pure hydrogen was used. The catalytic 
agent must therefore have been oxygen, and this fact was finally 
proved by the observation that the addition of about 3 per cent. of 
oxygen to pure hydrogen increased the rate of formation of hydrogen 
sulphide about six times at 265°. In the present paper, experiments 
are described dealing with the catalytic activity of the oxygen as a 
function of its concentration in the hydrogen, for three temperatures 
265°, 285°, and 340°, by a dynamic flow method similar to that 
described in Part I (loc. cit.). It is found that at the lower temper- 
atures the catalytic activity passes through a maximum for certain 
concentrations of oxygen, and then falls off, finally producing a 


poisoning effect. At the higher temperature the oxygen appeem to 
3M 
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act as @ poison at all concentrations. At the same time, a quantity 


of sulphur dioxide is formed, at a rate proportional to the oxygen at 
concentration in the gas mixture. Th 

The presence of this sulphur dioxide in the gas stream made it 
impossible to estimate the hydrogen sulphide colorimetrically as 
colloidal lead sulphide, owing to the fact that although the con. 
centration in the gas stream was too low for interaction between Rem 
hydrogen sulphide and sulphur dioxide to take place, sulphur was 
immediately precipitated when the potash solution in which the 
gases had been collected was acidified with acetic acid. 

The difficulty of estimating both gases separately was eventually § per: 
overcome by passing the effluent gases into standard iodine solution, ” 
when the following reactions occur : “ 

HS + I, = 2HI +S. 
SO, + I, + H,O = 2HI + H,SOQ,. 

The amount of iodine neutralised by the mixed gases was obtained 
by titration with standard potassium thiosulphate solution, whilst 
the acid produced was estimated by a back titration with standard i 
soda. Since in reacting with a molecule of iodine, a molecule of § '°! 
sulphur dioxide produces twice as much acid as a molecule of cha 
hydrogen sulphide, two equations are obtained which enable us to § 
calculate the two unknown concentrations of these substances. an 

ox] 
EXPERIMENTAL. bet 

The mixtures of hydrogen and oxygen were prepared by adding Th 
the calculated quantity of oxygen to a given volume of hydrogen sul 
by means of a gas burette. The reaction chamber containing the ior 
sulphur was the same vessel as that used in Part I (loc. cit.), con- i 


sisting of a Claisen flask of about 75 c.c. capacity, immersed in a 
constant-temperature bath of mixed potassium and sodium nitrates 
kept well stirred. The effluent gases were made to bubble at a 
constant slow rate through the iodine solution, contained in a deep 
test-tube. The absorption by this method was shown to be complete 
by a control experiment, in which the effluent gases were bubbled 
through alkaline hypobromite solution contained in potash bulbs, the 
total sulphur collected being estimated gravimetrically as sulphate. 
As a result of two runs of one hundred minutes each with hydrogen 
containing 5 per cent. of oxygen at 285°, the following results were 
obtained by the two methods of estimation : 
Total weight of sulphur collected per second : 
estimated by alkaline hypobromite-BaSO, method, 54°89 x 10° 
gram. 
estimated by iodine method, 54°76 x 10° gram. 
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OF HYDROGEN WITH SULPHUR. 


It will thus be seen that the absorption and the estimation of 
the gases by iodine give trustworthy results. 
The results obtained are shown in Table I. 


TABLE I. 


Reaction of hydrogen—oxygen mixtures with sulphur. Rate of flow 
of gas in all cases 136 c.c. per hour. 


Temperature 265°. Temperature 285°. Temperature 340°. 


Gram Gram Gram Gram Gram Gram 
of H,S of SO, of HS of SO, of H,S of SO, 
ually Percentage formed formed formed formed formed formed 
‘tion, oxygen persec. persec. persec. persec. persec. per sec. 
content. x10, x 108, Xx 108. x 108, x 108. x 108. 
0 1-08 0-0 3-63 0-0 189-7 0-0 
1 7-05 16-9 114-5 56-9 
3 5-91 16-0 10-13 43-5 
5 7°77 27-5 9-86 90-8 97°46 289-4 
7 7°74 36-9 3°30 121-8 


10 2-11 64-0 0-0 179-9 


hilst 

dard Before proceeding to a discussion of these results, it is necessary 
e of & to make a correction to obtain the pressure of oxygen in the reaction 
> of | chamber. Column 1 of Table I gives the oxygen content of the 


gas flowing into the bulb. The effluent gas is poorer in oxygen by 
an amount equivalent to the sulphur dioxide formed, and the 
oxygen pressure in the reaction chamber may be taken as a mean 
between the pressures in the inflowing and the outflowing gas stream. 
The volume of gas passing over per hour after absorption of the 
sulphur dioxide was in all cases 136 c.c. If x is the velocity of 


ell 
a formation of sulphur dioxide in grams per second, then 60 x 60 x 
on. | % X 22400/64 c.c. = 126 x 104 x 2 c.c. is the volume of sulphur 


dioxide absorbed per hour. 

The total volume of gas (V) passing through the reaction vessel 
isthus V = 136 + 126 x 104 x c.c. 

If p is the percentage oxygen content of the inflowing gas, this 
volume contained (136 + 126 x 104z) x p/100 c.c. of oxygen. This 
in the outflowing gas has been reduced to 

one kT aX p 
100 

The percentage oxygen content in the outflowing gas has thus 

fallen to 


(136 + 126 x 1042) p 126 x 104 


100 ] 
—(136 + 126 x 10*2) «= «+10 


— 126 x 104 n) c.c. of oxygen. 


_ «126 x 108 x 
— P ~ 136 + 126 x 10? 2" 
3m* Zz 
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The percentage oxygen content of the gas in the reaction bulb 
is the mean between those of the inflowing and outflowing gas 
streams, that is, 


4 fp — 126 x 102 | 
PN \P™ 136+ 126 x 10% J _ 63 x 10° x 


2 P1386 + 126 x 108 2" 


Column 3 in Tables II and III shows the true pressures of 
oxygen in the reaction vessel obtained in this way. 

The experimental results contain four salient features which 
must be explained by any interpretation put upon them, namely— 

(1) The existence of a maximum in the catalytic power of the 
oxygen at 265° and 285°. 

(2) The change from catalytic effect to poisoning effect as the 
concentration of oxygen increases at these temperatures. 

(3) The fact that the velocity of formation of sulphur dioxide is 
approximately proportional to the concentration of the oxygen in 
the gas mixture. 

(4) The fact that at 340° only a poisoning effect by the oxygen is 
observed. 

It has already been demonstrated in Part I of this paper that the 
interaction of hydrogen and sulphur takes place by way of two 
reactions, surface and gaseous, the former extending over the whole 
glass surface of the reaction vessel, and being predominant below 
300°, whilst the latter predominates above that temperature. If 
it be assumed in addition, first that the presence of oxygen in the 
gaseous phase exerts a strong inhibiting action in the gaseous 
formation of hydrogen sulphide, and secondly that its presence on 
the surface of the sulphur exerts a catalytic action in the surface 
formation of hydrogen sulphide, changing to a poisoning effect for 
higher concentrations in the gaseous phase, as the surface becomes 
more and more completely covered with oxygen, all the points 
enumerated above will find complete explanation. 

It is believed by the authors that the above hypothesis is the only 
one which will explain the experimental facts, and in what follows 
it has been developed to give a physical picture of the process and 
a quantitative explanation of the experimental data. The gaseous 
reaction will be considered first. 

It was demonstrated in Part I that the velocity of formation of 
hydrogen sulphide in the gaseous reaction at 340° for a pressure of 
0°81 atm. was 142°6 x 10° gram per second,* whilst the surface 


* The experimental data of this paper are directly comparable with those 
of Part I, since the same reaction vessel was used throughout the two series 
of experiments. 
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bulb F reaction was only 14°35 x 10°8 gram per second. By scaling the 
gaseous reaction up to 1 atmosphere pressure, its magnitude is found 
to be 176 x 10°§ gram per second, compared with the surface 
reaction of 14°35 x 10-8 gram per second. 

It is thus evident that the anticatalytic action of oxygen at 
340° must operate mainly in the gaseous reaction. This being so 
at 340°, it is reasonable to assume that it is also a fact at the lower 
temperatures of 265° and 285°, where the gas reaction is relatively 
less important than the surface action, and that the high catalysis 
observed there is the result of the effect of the oxygen on the surface 
reaction. 

If we assume further with Bodenstein (Z. physikal. Chem., 1899, 
29, 315) that in the gaseous phase sulphur atoms are removed to 
form hydrogen sulphide or sulphur dioxide as rapidly as they are 
formed by the dissociation of 8S, molecules—in other words, that at 
each temperature there is a constant active mass of sulphur atoms 
in the gaseous phase, then in the two competing reactions 


the § it follows that the sulphur atoms will be divided between the 
Lwo hydrogen and the oxygen present in the ratio of the velocities of the 
ole two reactions. In other words, the velocity of formation of 
low hydrogen sulphide in gram-molecules per second (W) is given by 
If 
ae kyP H v wl 
mn wl aa ky Pu + koPo Me 
Us 
on where P,, and P, refer to the partial pressures of hydrogen and 
08 oxygen respectively, measured as percentages of the total pressure, 
for ky and ky are the respective velocity coefficients of hydrogen 
1es sulphide and sulphur dioxide formation, and C’' represents the total 
its number of gram-molecules of hydrogen sulphide and sulphur 
dioxide formed per second, constant for any given temperature. 

ly We have, further, from the conditions of experiment, Py -+- Po = 
vs 100 and therefore 

id a ns 1 
us kuPu + k, (100 — Py) ° . ( ) 

, At 340°, from the figures given for the gaseous reaction above, 
0 Lf 

r when P, =0, we have C= - x 108 = 5:18 x 10° gram- 


molecule per second. 


Therefore W= 


ne ——  X 518 x 10% . (la) 
Py + 7° (100 — Pu) 
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In order to obtain W for any value of Py, we must evaluate the 
ratio k,/k, and this can be done if we make the further assumption 
that at 340°, when P, = 3°7 per cent. in the reaction bulb (see Table 
III), the surface action is completely poisoned. It will be shown, 
when dealing with the surface reaction, that this assumption is 
likely to a high degree of probability. The figure 37:46 x 10° is 
thus taken to refer only to the gaseous formation of hydrogen 
sulphide, giving W for 3°7 per cent. of oxygen concentration equal 


to = x 10% = 1:1 x 10° gram-molecule per. second; and 


substituting for W in equation (la), we thus obtain ky) /ky = 120°0. 

Having obtained the ratio k)/ky for the temperature 340°, we 
may assume that at 265° and 285° it remains sensibly the same * 
and use it to calculate by equation (1) the magnitude of the gaseous 
H,S and SO, reactions at those temperatures, for the various con- 
centrations of oxygen employed, evaluating C as before from the 
known gaseous reaction when the gas phase is constituted by pure 
hydrogen. In this way we obtain W, the number of gram. 
molecules of hydrogen sulphide formed in the gas phase for various 
concentrations of oxygen. Further, if Y represents the number of 
gram-molecules of sulphur dioxide formed in the gas phase, then 
the relation W +- Y = C enables us to calculate Y. 

In Table II, Y and W are transformed from gram-molecules 
per second to grams per second, and tabulated in columns 4 
and 5, respectively. Finally, by subtraction of these figures from 
the corresponding total SO, and H,S reactions given in Table I, 
we obtain the “observed” velocities of formation of sulphur 
dioxide and hydrogen sulphide on the surface, tabulated in columns 
6 and 7 of Table IT. 

It will be seen that the velocity of formation of sulphur dioxide 
in the gaseous phase at the lower temperatures is in general very 
small compared with the velocity of formation on the sulphur 
surface, and thus, on plotting the total formation of sulphur dioxide 
against oxygen content of the gas phase, the form of the curve, 
within the limits of experimental error, is determined by the surface 


* Since the above reactions both take place between the diatomic hydrogen 
or oxygen molecule on the one hand and sulphur atoms on the other, the 
assumption of the approximate constancy of this ratio over the comparatively 
small range of temperature involved is probably not seriously in error. 

Any error in the magnitude of ko/kg cannot affect the magnitude of the 
total gaseous sulphur reaction, but only the ratio in which this reaction is 
divided between the formation of hydrogen sulphide and sulphur dioxide, 
and considering the smallness of these quantities compared with the total 
reaction, any error in their absolute magnitude would not affect seriously 
the computation of the “ observed ”’ surface reaction. 
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Taste If. 
Temperature 265°. 


Gaseous reaction. Surface reaction. 
Velocity Velocity Velocity Velocity 
% % % of SO, of HS of SO, of H,S 
Oxygen Oxygen Oxygen  form- form- form- formation 
in in- in out- in re- ation. ation. ation. Gm. /sec. 
flowing flowing action Gm./sec. Gm./sec. Gm./sec. x 10,. 
gas. gas. chamber. xX10%. x 108. x108. Obs. Calc.* 
0 0 0 0 0-33 0 0-75 0-75 
1 3:00 3-09 
3 2-85 2-92 0-46 0-07 15-54 5-84 6-35 
5 4-75 4-87 0-52 0-05 27-0 7°72 7:87 
7 6-66 6-83 0-56 0-03 36:3 771 = 7-52 
10 9-41 9-70 0-58 0-02 63-4 2:09 2-08 


Temperature 285°. 


0 0 0 0 1-97 0 1-66 1-66 
1 0-88 0-94 1-92 0-94 15-0 6-11 5-60 
3 2-6 2°8 2-88 0-43 40-6 9-70 9-95 
5 4-2 4-6 3°13 0-29 87°7 9-57 9-37 
7 6-0 6-5 3°33 0-21 118-5 3-09 3-00 
10 8-4 9- 3°45 0-15 175-5 0-00 0-00 


* Calculated according to equation 7. 


TaBLeE III, 
Temperature 340°. 
% Oxygen % Oxygen % Oxygen Velocity Velocity of H,S 
ininflowing inout- inmreaction of SO, formation. 
gas. flowing gas. _ vessel. formation. Volume. Surface. 

0 0 0 0 175-4 14-3 

1 0-46 0-73 56-9 114-5 21-8 (calc). 

5 2-4 3°7 289-4 37-46 0 


reaction, the velocity of which, as will be shown theoretically below, 
is directly proportional to the oxygen pressure. We thus obtain 
practically a straight line on plotting the velocity of formation of 
sulphur dioxide against the oxygen percentage at 265° and 285°; 
at 340°, the form of the curve is determined both by the surface and 
gaseous reactions, and is again nearly a straight line over the range 
of pressures investigated. 

The data of Tables II and III are plotted in Figs. 1 and 2. 

Curves I andJII (Fig. 1) show the variation of the velocity of 
formation of hydrogen sulphide in the surface reaction with the 
concentration of oxygen in the gas phase. It will be seen that the 
catalytic effect of the oxygen first rises to a maximum and finally 
falls off until the surface becomes completely poisoned. With 
rising temperature, it will be observed that the point of maximum 
catalysis occurs at lower and lower oxygen concentrations in the 
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gas phase. Thus, at 265° the maximum occurs at an oxygen con. 
centration of 5°8 per cent., whilst at 285° the maximum occurs at 
an oxygen concentration of 3°7 per cent. of oxygen. It follows that 
at 340°, if a maximum exists, it will occur at a very low oxygen 
concentration, probably less than 1 per cent. At the same time, 
the point at which the surface is compietely poisoned shifts from 
an oxygen concentration of 10°3 per cent. at 265° to a concentration 
of 7 per cent. at 285°, and it is thus highly probable, as assumed 
above, that at 340° the surface is completely poisoned for oxygen 
concentrations of 3—4 per cent. 
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To account for this surface catalysis and subsequent poisoning, it 
is necessary to assume that oxygen molecules are preferentially 
adsorbed on the surface of the sulphur, so that, as the concentration 
of oxygen in the gas mixture increases, the area occupied by adsorbed 
hydrogen grows less and less, while that occupied by oxygen increases. 
At a concentration of about 7 per cent. of oxygen, the surface is 
completely covered with oxygen at 285° and thus completely poisoned 
as far as the formation of hydrogen sulphide is concerned. For lower 
concentrations of oxygen in the gas mixture, hydrogen and oxygen 
molecules exist side by side in the surface, and the whole of the 
observed effects can be explained by ascribing a catalytic activity 
to these oxygen molecules. A discussion of the mechanism of 
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catalysis will not be entered into at this point, but reserved for a 
later section of this paper. 

In developing the quantitative expression for the catalysis of the 
surface reaction, it is necessary to make certain very probable 
assumptions which will be shown later to have a definite physical 
significance when the mechanism of the reaction is considered. 

Let the velocity of the interaction of hydrogen and sulphur be 
proportional both to the number of adsorbed oxygen molecules and 
to the number of adsorbed hydrogen molecules per square centi- 
metre. Denoting these numbers by m, and mz, respectively, for 
a given gas mixture and temperature, and if V, represent the 
velocity of the catalysed reaction, and V, that of the uncatalysed 
reaction, we have 


Vi,omym, and Vz, < my. 


Thus the total surface reaction velocity (V) may be written 


V=V,+V,.=kymym,+ hm... . (2) 


where k, and k, are constants. 

The chance of a vacant sulphur atom in the surface being occupied 
by an oxygen atom is directly proportional to the number of oxygen 
molecules, and inversely proportional to the number of hydrogen 
molecules hitting the surface per second. These numbers are, 
however, in the ratio of the partial pressures of the two gases, and 
thus we have m, oc Po/Pu, where Po and Py, are the partial pressures 
of the oxygen and hydrogen respectively. 

Now it has been demonstrated in Part I of this paper that the 
adsorption capacity of the surface of sulphur in contact with an 
atmosphere of pure hydrogen gas is completely saturated. Further- 
more, we know from the experiments detailed above that at 285° 
the surface is completely poisoned when the hydrogen atmosphere 
contains 7 per cent. of oxygen, and therefore must be completely 
covered by oxygen. It is thus clear that surfaces in contact with 
hydrogen atmospheres containing less oxygen than this must be 
completely saturated by the adsorption of a mixture of hydrogen 
and oxygen molecules. Thus, if m is the total number of sulphur 
atoms per square centimetre of surface, capable of adsorbing 
hydrogen and oxygen molecules, then, at any moment, we have 


Nn = M, + Mpg. 
Wherefore m, = kyPo/Pa . 


where kp is a constant. 
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Thus substituting for m, and m, in equation (2), we have 


V = ky hap? (n — yp?) + a(n — bp?) 


or 


where a, b, and ¢ are constants to be evaluated. 

The experiments having all been carried out at atmospheric 
pressure, we may substitute the partial pressures as percentages 
of the whole in equation (6), that is, 


i Po Po 
V = (0199 2p, + 8)(1 ig —p,) i 
The constants may be obtained as follows : 
(1) where Po = 0, V = 6, 


that is, for b we may write the velocity of the reaction when catalysis 
is absent, obtained from Part I (loc. cit., Fig. 2, curve 6). 


(2) V = 0 when cP,/(100 — Po) = 1. 


The corresponding value of P, may be obtained from the experi- 
mental curve at the point where it cuts the abscissa, giving c. 

(3) @ is obtained by differentiating equation (7), putting 
d*V /dP,? = 0, and inserting the values found for Po when V is a 
maximum, and 6 and c as found above. 

Proceeding in this way, we obtain the following values : 


Temperature 265°: a = 2°60 x 10%; b= 0°75 x 108; c= 86. 
Temperature 285°: a = 5:00 x 10%; 6 = 1°66 x 108; c = 13°72. 


In the last two columns of Table II are shown the surface 
reaction velocities observed, and calculated with the above constants 
according to equation (7), corresponding to various percentages of 
oxygen in the reaction bulb. It will be seen that the agreement is 
in general good, and lends support to the view of surface catalysis 
adopted. 

The rate of production of sulphur dioxide on the sulphur surface 
will be proportional at any moment to the number of adsorbed 
oxygen molecules per square centimetre. 

This quantity according to equation (3) is m, = kypPo/Pu. 

Thus we can write Vso, = K’Po/Px, where Vago, is the rate of 
formation of sulphur dioxide on the surface and K’ is a constant. 
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Now over the range of oxygen pressures investigated, Po varies 
from 1 to 10, whilst Py varies only from 90 to 100. Thus the 
velocity of formation of sulphur dioxide will be very nearly 
directly proportional to the partial pressure of the oxygen 
as found experimentally. 
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Phase. 


On dividing equation (4) by ”, we obtain 


Ms __ 

== 
where 6 is the fraction of each square centimetre of sulphur surface 
occupied by oxygen. 


Hence O=cPo/P—e . - «© « « « 8) 
In this way it is possible to give for the first time a table based 


on experimental results showing how the surface concentration of 
adsorbed gases varies with the composition of the gaseous atmosphere 


1700 NORRISH AND RIDEAL: THE CONDITIONS OF REACTION 


in equilibrium with it. Table IV has been calculated from equation 
(8), giving to the constant ¢ the values found for it above for the 


two temperatures 265° and 285°. 


TABLE IV. 


Concentrations of surface phase in equilibrium with a given 
gaseous phase. 


Temperature 265°. Temperature 285°. 


Gas phase. Gas phase. 
% Oxygen Surface phase. % Oxygen 
concen- % % concen- As 70 
tration in Oxygen Hydrogen tration in Oxygen Hydrogen 
reaction concen- concen- reaction concen- concen- 
tration. tration. chamber. tration. tration. 

0 100 
12-5 87-5 
38-0 62-0 
57-8 42-2 
84-3 15-7 

100 0 


Surface phase. 
oO 


Part III, The Mechanism of the Reaction of Hydrogen with 
Sulphur and its Catalysis by Oxygen. 


The data obtained in the experimental sections of Parts I and II 
of this paper, and also certain thermochemical data relating to 
sulphur published by Budde and Pollitzer, make it possible to study 
in detail the mechanism of the reaction. 

It has already been shown (Part I, loc. cit.) that the temperature 
coefficients of the gaseous and surface reactions lead to critical 
increments of 52,400 cals. per gram-atom of sulphur and 26,200 
cals. per gram-atom of sulphur for the two reactions, respectively, 
the value for the gas reaction being exactly double that for the surface 
reaction. 

Now the interaction of hydrogen and sulphur in the gaseous 
phase undoubtedly depends on a chain of linked reactions, such as 


~) 8, == 2, (c) S, = 28. 
(b) S, = 28. (d) H, + S —> H,S, 


and, other things being equal, its velocity will be fixed by the 
slowest reaction in this series. The actual velocity temperature 
coefficient measured, therefore, is that of the slowest reaction in 
some such series as the above, and the critical increment, 52,400 
cals., calculated therefrom will be the critical increment necessary 
to activate the molecule taking part in that reaction. 

In view of the extremely small fraction of sulphur dissociated 
into atoms at these temperatures (Preuner and Schupp, Z. physikal. 
Chem., 1909, 68, 129), it is highly probable that the reaction 
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§, — 2S is by far the slowest stage in the dissociation of sulphur 
molecules into atoms, and thus that the critical increment measured 
is that required to dissociate the S, molecule into its component 
atoms. Budde (Z. anorg. Chem., 1912, 58, 169; also von Warten- 
berg, ibid., 1907, 56, 320) has obtained a value 103,800 cals. at 
constant volume, or 100,000 cals. at constant pressure at 300° 
as the heat of dissociation per gram-molecule of S,, that is, 50,000 
cals. per gram-atom, a value in very good accord with that calculated 
above from the temperature coefficient. 

Turning now to the surface reaction, we have to explain why the 
critical increment of the surface reaction is exactly half that of the 
gas reaction, and the idea at once suggests itself that in this case we 
are measuring only the energy increment necessary to break one of 
the S—S linkages, whilst that for the gas reaction is a measure of 
the energy required to break both bonds. It is obvious, however, 
inasmuch as we start with hydrogen and sulphur, and finish with 
hydrogen sulphide, that the net energy change in the two reactions— 
surface and gas—must have been the same, and thus to bring the 
surface reaction into line with the gaseous reaction, in which two 
bonds are broken, it must be supposed that the former takes place 
in two successive stages, each involving the rupture of a linkage. 

These two stages must be : 

(1) Adsorption of the hydrogen to form a surface layer involving 
breaking of the first bond. 

(2) Final rupture of the sulphur atoms from the surface and 
formation of the hydrogen sulphide molecule. 

It is unlikely that both these reactions would take place with the 
same velocity, and the temperature coefficient would thus apply 
only to the slower, the critical increment calculated therefrom thus 
applying only to one or other of the above processes. 

It has been shown by Pollitzer (Z. anorg. Chem., 1909, 64, 121) 
that the heat of sublimation of diatomic sulphur molecules from the 
surface of sulphur is 28,000 calories, a value in such good agree- 
ment with our value of 26,000 calories for the removal of a molecule 
of hydrogen sulphide from the surface as to suggest that we are 
here again dealing with the same phenomenon, namely, the breaking 
of a single sulphur bond. 

Since the vapour in equilibrium with a sulphur surface at the 
temperatures we are concerned with consists almost entirely (about 
95 per cent.) of S, molecules (Preuner and Schupp, loc. cit.; Roscoe 
and Schorlemmer, Vol. I, 5th edn., p. 386), it follows that the mole- 
cules in the surface must also be mainly of the formula S,. Thesystem 
8, is apparently formed by the association of S, molecules, and is one 
of considerable stability. We should therefore expect it to have a 
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very small external field, since in it sulphur exhibits its maximum § 
degree of saturation. Inthe absence of any data by which the spatial 
structure of the molecule may be fixed, we may picture it as some 
type of closed system, such as a ring, or a cube with a sulphur 
atom at each corner. Such molecules, in view of their high degree 
of saturation, would probably be incapable of forming adsorption 
compounds by association with molecules of hydrogen or oxygen, 
and we must assume that at any instant a small fraction of them 
is opened up by the rupture of a bond. By virtue of their highly 


{ iy | 


S—_ SS’ 


unsaturated and polar condition, these ruptured 8, molecules would 
be capable of adsorbing gas molecules when they exist in the surface, 
by the exercise of their unused bonds. These ideas may be rendered 
clearer by the help of the diagrammatic representations shown in 
Fig. 3, in which a ring structure for the S, molecules is assumed for 
simplicity, but it is by no means essential. 

A, B, C, D, E, F, G, and H represent various S, molecules, existing 
in the surface, in various stages of unsaturation. 

A is an unbroken molecule, its affinity saturated to the maximum 
extent, and incapable of adsorbing either hydrogen or oxygen. 
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| Bis an S, molecule which has become opened up, free polarity being 
developed at the two ends of the chain, rendering it capable of 
attracting molecules of hydrogen or oxygen. OC, D, E, and F 
represent various adsorption compounds—C with oxygen attached 
to the two ends of the chain, D and E with hydrogen and oxygen 
attached at opposite ends of the chain, F with hydrogen attached 
to the two ends. 

It will be seen that from B, C, and F, molecules of S,, SO,, and 
H,S can be detached, respectively, by the breakage of one linkage 
between two sulphur atoms, and it follows that the heat of sub- 
limation of S, and the heats of evaporation of hydrogen sulphide 
and sulphur dioxide from a sulphur surface should be the same. 
That this is true for H,S and S, molecules has already been shown, 
the rupture of a bond involving the expenditure of 26,000 to 28,000 
calories per gram-atom of sulphur, and it is hoped to investigate in 
a later paper the case of sulphur dioxide. 

If hydrogen and oxygen are adsorbed at opposite ends of a sulphur 
chain, it is to be expected that the strong attraction of the oxygen 
for the sulphur at one end of the chain will cause a weakening of the 
force by which the sulphur at the other end is held (as shown by 
the alternate strong and weak bonds in D and E) and thus lower 
the critical energy increment necessary to remove the end sulphur 
atom as hydrogen sulphide. To this we can therefore attribute 
the catalytic effect of adsorbed oxygen on the surface combination 
of hydrogen and sulphur, and it follows from this view that catalysis 
should be at a maximum when the surface is approximately half 
covered with oxygen and half with hydrogen. That this fact has 
been demonstrated experimentally will be seen by comparing 
Table II with Table III (Part II). 

The mechanism of attachment of hydrogen and oxygen molecules 
in their adsorbed compounds with sulphur molecules calls for some 
further comment. It has already been postulated that for adsorp- 
tion to take place the sulphur molecules must be rendered polar by 
the rupture of a bond, thus developing a positive and a negative end. 
In order that a hydrogen or oxygen molecule may be attached to 
the ends of this chain, it also must develop a polarity (for example, 
by induction on approaching closely to an open sulphur molecule) 
and adsorption may then take place between oppositely charged 
ends of oxygen or hydrogen molecules and sulphur chains. In 
View of the preferential adsorption of oxygen, it follows that this 
polarity can be induced more easily in the oxygen molecule than 
in the hydrogen molecule. At very low pressures, we may suppose 
that hydrogen or oxygen molecules may be adsorbed by the un- 
saturated sulphur molecules as in G and H (Fig. 3), that is, by 
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occupying “ two spaces ” per molecule, as we know is the case in their 
adsorption on the much more polar palladium and platinum surfaces 
at atmospheric pressure. In view of the weaker attraction of the 
sulphur surface, however, the effect would rapidly disappear at 
ordinary pressures, such doubly adsorbed molecules tending to 
give way to singly adsorbed molecules as the effect of crowding 
increased. 

As to the critical increment required to bring about the necessary 
displacement of electrons and nuclei in the hydrogen and the oxygen 
molecule to produce polarisation, these experiments tell us nothing, 
the temperature coefficients merely indicating the critical increment 
required to break one sulphur bond in removing the molecules of 
hydrogen sulphide and sulphur dioxide from the surface, this 
being the slowest process in the chain of reactions making up the 
surface reaction. 

It might be expected that the juxtaposition of polarised oxygen 
and hydrogen molecules would lead to the catalytic formation of 
water vapour by the sulphur surface, as is the case on the surface of 
palladium. That this is not so was experimentally demonstrated 
by passing the effluent gases from the reaction chamber over 
anhydrous copper sulphate. No trace of water was obtained. It 
thus follows that the degree of polarity induced in the oxygen and 
the hydrogen molecules is not sufficient to cause them to combine 
together, or it may be that the tendency for the oxygen to form 
sulphur dioxide is much greater than its tendency to form water. 
The molecules on the surface of the metal palladium, however, are 
known to be highly polar, and in activating hydrogen and oxygen 
molecules they probably induce a much higher degree of polarity 
than is the case on the sulphur surface, thus enabling adjacent 
molecules of hydrogen and oxygen to react. This high polarisation 
reaches the extreme case of complete dissociation in the cases of 
oxygen adsorbed on platinum, and hydrogen on tungsten. ‘The 
strong tendency of either of the reactants, hydrogen or oxygen, to 
react preferentially with the catalyst is also here absent. 


Summary. 
Part IT. 

The catalytic action of oxygen on the interaction of hydrogen and 
sulphur has been investigated. It has been found that this catalytic 
action becomes a poisoning action with rise of temperature and 
increase of oxygen concentration beyond 10 per cent. at a temper- 
ature of 265° and 7 per cent. at 285°. The effects observed have 
been separated into a strong poisoning effect in the gaseous reaction 
between hydrogen and sulphur at all temperatures, and a catalytic 
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effect on the surface reaction which only becomes observable at low 
temperatures (265° and 285°), where the surface reaction is of 
greater relative importance. This surface catalytic action rises 
toa maximum with increase of oxygen concentration in the hydrogen 
and then falls off, finally becoming a poisoning action for con- 
centrations of oxygen beyond 10 per cent. At the same time, 
sulphur dioxide is formed at a rate directly proportional to the 
concentration of the oxygen. 

The effects observed have been shown to be quantitatively 
explained by postulating a gradual preferential adsorption of oxygen 
by the sulphur surface, all the hydrogen being displaced when the 
gaseous concentration of oxygen has exceeded 10 per cent., and 
ascribing to the oxygen a catalytic activity proportional to the 
number of molecules adsorbed per sq. cm. of surface. 

It has been found possible to calculate for the first time the 
composition of the adsorbed gas film in equilibrium with a given 
gaseous atmosphere. 


Part III. 


The mechanism of the interaction of hydrogen and sulphur and 
its catalysis by oxygen have been considered in the light of the 
experimenta] data of Parts I and II, and the thermochemical data 


furnished by Budde and Pollitzer. 

The critical increment of the gaseous reaction has been found to 
be in agreement with Budde’s value for the heat of dissociation of 
8, molecules into atoms, and thus corresponds to the energy required 
to sever two sulphur bonds. 

The critical increment of the surface reaction similarly corresponds 
to the breaking of one sulphur bond, and is equal to that required to 
sublime a molecule of 8, from the surface, which also involves the 
breaking of one bond. 

The surface reaction is considered to take place in two stages— 
(1) adsorption of the molecule, involving breaking of one bond, and 
(2) removal of the molecule of hydrogen sulphide, involving breaking 
of the second bond, the critical increment measured corresponding 
only to the slower of these two processes. 

It is shown how, by assuming a small percentage of the stable and 
saturated S, molecules of which the surface is mainly composed to 
be opened by the rupture of one linkage and thus polarised, we can 
account for the adsorption of hydrogen and oxygen and for the 
catalytic action of the latter. 


LaBoraTory OF Pxysicat CHEMISTRY, 
CAMBRIDGE UNIVERSITY. (Received, April 19th, 1923.] 


1706 INGOLD: THE MECHANISM OF THE PINACOL—PINACOLIN 


CXC.—The Mechanism of the Pinacol—Pinacolin and 
Wagner—Meerwein Transformations. 


By CHRISTOPHER KELK INGOLD. 


THE investigation of that rearrangement of carbon skeleton which 
so frequently accompanies the dehydration of tert.-alkylcarbinols 
has long been actively pursued, and of recent years has derived 
much interest and importance from the remarkable success that 
has attended the efforts of Meerwein and his collaborators to base 
many of the complex structural changes which occur in camphor 
chemistry on transformations of this type. 

The prevalent view of the mechanism of the change appear 
to be that which involves the assumption of an intermediate 
cyclic compound, which is supposed to be formed by the elimination 
of the elements of water and to undergo subsequent fission in 
such a way as to give rise to the altered carbon skeleton. Applying 
this idea to the transformation of pinacol into pinacolin (compare 
V. v. Richer, “‘ Organische Chemie,” llte Aufi., p. 243), we obtain 
the following result : 


oO. 
(CH,),C(OH)-C(OH)(CH,),—> (CH,),C—C(CH,),—> CH,*CO-C(CH;), 


The objection to this view is that the real difficulty is merely 
transferred to the second stage of the hypothetical scheme, since 
there is no independent evidence that the intermediate ethylene 
oxide, if formed, would undergo the remarkable isomeric change 
postulated. Further, although it is possible to assume the inter- 
mediate formation of an analogous oxide in the case of certain 
molecular changes in the terpene series, for instance, the con- 
version of «a-dihydroxydihydrocampholenic acid into «-pinonic 
acid, 


ae o—__ 
CH,C(OH) ———-CH(OH) _—- CHC CH 


CMe,< | — OMe,< | 
CH(CH,-CO,H):CH, CH(CH,;CO,H)-CH, 
CH,CO —-————CH 


ie t: 


= | : 
CH(CH,CO,H)-CH, 


—- 


other transformations, manifestly similar in general character, 
cannot be brought within the scheme for the reason that the 
initial substance, being a monohydric and not a dihydric alcohol, 
cannot give rise to an ethylene oxide. To account for such cases, 
it has been supposed (compare Ruzicka, Helv. Chim. Acta, 1918, 4, 
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110; Ruzicka and Liebl, tbid., 1923, 6, 267, and others) that a 
cyclopropane derivative is first produced by the elimination of 
water, and is then disrupted by an isomeric change. Thus in the 
simplest possible case, namely, the dehydration of tert.-butyl- 
carbinol (Robinson, private communication *), the intermediate 
compound would be 1 : 1-dimethylcyclopropane : 


CH, 
, + rae CH, s 
C—CH,:OH — CH C—CH, ae CH2> CCH, CH, 


CH. 
CH,” 


whilst in the conversion of tsobornecl into camphene it would be 
tricyclene : 


CH,-CH(OH) CH,—CH 
cHCCMe,——— CMe _ cH<CMe,—— CMe -_ 
CH,-——-CH, CH,—CH 
/ CHy—CH, 
CHC CMe,—|—>0:CH 
~, 2 * 4 2 
CH,—CH 


and so forth. Unlike the scheme for the dehydration of a dihydric 
alcohol, this scheme does suggest a plausible mechanism for the 
rearrangement of the carbon skeleton; but there is, nevertheless, 
some evidence that, in this case also, the cyclic substances which 
are assumed to intervene are actually too stable to undergo the 
subsequent isomeric change under the conditions in which this 
change is supposed to occur. Thus, whilst 1 : 1-dimethylcyclo- 
propane can be converted into its isomeride, isopentene (by passage 
over contact material at 400°; Ipatiev and Hahn, Ber., 1903, 36, 
2014), the change has not been shown to occur under the usual 
conditions of a Wagner-Meerwein transformation; again, tri- 
cyclene can be converted into camphene, but the change does 
not take place to an appreciable extent under conditions in which 
isoborneol is completely converted into camphene (Meerwein and 
van Emster, Ber., 1920, 53, [B], 1815). 

Recently, an alternative explanation, embracing not only the 
pinacol-pinacolin change, but also the Wagner—Meerwein change 
(that is, the dehydration of monohydric as well as dihydric tert.- 
alkylearbinols), has been suggested by Robinson (Mem. Manchester 


* R. Robinson and (Miss) M. Tadman have found that the dehydration 
of tert.-butylcarbinol yields a mixture of CH,:CMe-CH,°CH, and CMe,:CH-CHg, 
and that the former hydrocarbon is converted into the latter under the con- 
ditions employed to carry out the reaction. Hence they regard the former 
hydrocarbon as the primary product of the dehydration. 
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Phil. Soc., 1920, 64, No. 4), whose view is expressed by the 
following general symbols * : 
y ia | i ; 
~ . 
wt beta 4 bem i —* mak 
| \ | 
R2 
In these expressions, R!, R®, R, and R‘ represent alkyl groups, 
A a bivalent atom or group (O< in the pinacol—pinacolin change, 
and CH,< in the Wagner—Meerwein change) and a-y a compound 
(usually H-OH or H-Br) such that there is a strong tendency to 
its formation. The initial stage of the process, which leads 
ultimately to the elimination of a-y, consists in the formation 
of a ring of six atoms held by partial or complete valencies. Thus 
the group R? becomes involved, and a continuation of the process 
to the point at which the molecule 2-y separates leads to the 
transference of R? to the adjoining carbon atom. 

It will at once be observed that, quite apart from detail regarding 
the intermediate stages, there is a very real distinction between 
this view and the older one. Considering the simple case of the 
dehydration of tert.-butylearbinol by way of example, it will be 
seen that, on the older view, the methyl group (numbered 1 in 
the formule below) which supplies the hydrogen atom eliminated 
as water is the one which becomes transferred to the adjacent 
carbon atom during dehydration, whilst, on Robinson’s view, it 
is not this methyl group but one of the others which becomes so 
transferred : 

2) CH,s 
Q) CH, sf CH C-CH, CH, (1) + H,0 
(2) CH, >C-CH, 
(3) CH Retin  CHeS CCH yCH, (8) - 

Of course it is not possible to distinguish experimentally between 
the two possibilities, either in this case, or, for that matter, in 
most others in which a molecule of the type HX is eliminated, 
because the product is the same whatever the mechanism. It is, 
however, possible to imagine certain transformations, similar in 
all essential respects to the Wagner—Meerwein change, which would 
give rise to different products according to the mechanism, and 
would thus serve as a means for deciding whether the older view 
or Robinson’s is closer to the truth. 

* These formule differ slightly from those given by Robinson owing to 


the fact that, apparently, in his formule the symbol invariably 
represents exactly half a valency. 
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An example of this kind has now been studied and has yielded 
decisive evidence in favour of Robinson’s mechanism as against 
the older one, at least so far as concerns the character of the 
ultimate product of the change. 

It has been shown by Zelinsky (Ber., 1913, 46, 160) that the 
elimination of bromine from ww-dibromo-1 : 1-dimethyleyclopropane 
(I) proceeds with great readiness, yielding a hydrocarbon C;H,. 
According to the view that a cyclopropane ring is closed and 
subsequently broken, the intermediate stage would be the spiran 
hydrocarbon (II), and the normal product (supposing that the 
intermediate cycloid is sufficiently unstable to undergo the usual 
isomeric change) would be ethylcyclopropene (III). However, just 
as in certain of Meerwein’s examples, so also in this case, the 
normal product might undergo a further change yielding, by the 
migration of the double bond, either ethylidenecyclopropane (IV) 
or vinylcyclopropane (V) : 


CH... CH,Br i | OR. 
ig CS CHBr me | Hn OS ‘a 20 CH,-CH, —> 


(I.) (II.) (ILI.) 


C 
(IV.) 
C 


Bo ooqy. CHS cH-CH: I. 
co CH, — oy. oH CH:CH, (V-) 

Robinson’s mechanism leads to a very different result, the 
normal product being methylenecyclobutane (VI), which might 
conceivably undergo further change into either of the methyl- 
cyclobutenes (VII and VIII) : 

CH CH,—Br * CH CH;~Br § CH,—C:CH 

NY? _ \ A 2 eo 2 | * ait 

(H,~..\CH,—Br  CH,2—CH,~-Br_ —- CH, —CH, 

CH,—C-CH, CH,—CH:CH, 
—> | || (VIL) —> | | (VIIL.) 
CH,—CH CH==CH 

Thus according to the older view, all the possible products are 
cyclopropane derivatives, whilst, according to Robinson’s, they are 
all cyclobutane derivatives, and hence a proof of the structure of 
the substance actually isolated would supply evidence of the type 
required. 

It should be stated here that Zelinsky did not oxidise, or other- 
wise establish the constitution of, his hydrocarbon, to which he 
assigned the spirane structure (II); but he supposed the substance 
to be identical with a hydrocarbon prepared by Gustavson (J. pr. 
Chem., 1896, [ii], 54, 97) from the bromide of pentaerythritol. 
He offered no proof of this, however, beyond the determination of 
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density and refractive index—means scarcely adequate to dis. 
tinguish between so many closely related isomerides, even if the 
substances compared were known to be pure chemical individuals; 
and, actually, Gustavson’s product is now known to be a mixture 
of variable composition (Philipow, J. pr. Chem., 1916, [ii], 93, 
162). 

It is, however, readily possible to distinguish between the 
various isomerides by oxidation, and, as it is of value to consider 
the negative as well as the positive evidence, the following table 
of the oxidation products to be expected from the six isomeric 
hydrocarbons, (III)—(VIII), is given : 


Hydro- First oxidation Ultimate oxidation 
Series. carbon. products. products. 


II Propionylacetic acid. Acetic acid + malonic acid, or 
propionic acid + oxalic acid, 
cyclo- | IV Acetic acid + cyclo- Acetic acid + malonic acid. 
Propane. propanone. 
cycloPropanecarb- cyclo? ropanecarboxylic acid. 
oxylic acid. 
cycloButanone. Succinic acid. 
cyclo- | Levulic acid. Succinic acid, or acctic acid + 
Butane. | malonic acid. 
Methylsuccinic acid. | Methylsuccinic acid. 


In addition to these oxidation products, oxalic and carbonic acids 
are to be expected whatever the constitution of the hydrocarbon. 

The actual oxidation products of the unsaturated hydrocarbon, 
C;H,, obtained from dibromodimethylcyclopropane are lzvulic and 
succinic acids, together with small amounts of oxalic acid and 
carbonic acid. Acetic, propionic, malonic, eyclopropanecarboxylic, 
and methylsuccinic acids, ketones, and ketonic acids other than 
levulic acid have all carefully been searched for and found absent. 
It follows, therefore, that the hydrocarbon must consist essentially 
of methyl-Al-cyclobutene (VII), unaccompanied by any of its 
isomerides of the cyclopropane series. The cyclobutene isomeride 
(VIII) is also excluded, but not methylenecyclobutane (VI), since 
the cyclobutanone expected from it might not have survived the 
conditions of the oxidation. 

Therefore the main issue is plain. The structure of the hydro- 
carbon is that given by Robinson’s mechanism [the reaction pro- 
ceeding as far as the compound (VII) in the scheme outlined above], 
and is not that to which the older view of the process, involving 
the intermediate formation of the spirane hydrocarbon (II), must 
lead. 

It may be added that by combining these results with Philipow's 
investigation of Gustavson’s hydrocarbon the conclusion follows 
that, despite many statements to the contrary, the simplest possible 
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spiro-compound (IT) has never yet been isolated or even transiently 
formed as an unstable intermediate product. 


ExPERIMENTAL. 


The dibromodimethylcyclopropane required was prepared by 
Zelinsky and Krawetz’s method (loc. cit., p. 165), and converted 
into the hydrocarbon C;H, by digestion with alcohol and zinc 
dust. The hydrocarbon was washed thoroughly with water, dried 
with calcium chloride, and carefully distilled. It boiled at 38-5— 
40°/755 mm. and could not be resolved into two fractions of 
different boiling point (compare Philipow, Joc. cit.). 

Oxidation of the Hydrocarbon C;H,.—A solution containing 
15 grams of the hydrocarbon in 100 ¢.c. of acetone was cooled to 0°, 
and titrated slowly with a cold solution of potassium perman- 
ganate in aqueous acetone. The permanganate solution was made 
up by dissolving 70 grams of potassium permanganate in a mixture 
of 3,400 c.c. of pure acetone and 200 c.c. of water, so that 1,200 c.c. 
of the solution corresponded approximately to 1 atom of available 
oxygen. When 2—3 atoms of oxygen had been absorbed the 
reduction became very slow and the process was discontinued. 
The solution was allowed to warm to the room temperature to 
destroy the small excess of permanganate, saturated with carbon 
dioxide, filtered, and then distilled with the aid of an efficient 
column. ‘The oxides of manganese were washed with hot water, 
and the washings mixed with the aqueous residue from the dis- 
tillation. The combined solutions were then treated with a 
sufficient quantity of a chromic acid solution, prepared by dis- 
solving 90 grams of potassium dichromate and 150 grams of 
sulphuric acid in 1,200 c.c. of water, to supply the balance, after 
allowing for the absorption of permanganate, of a total of six 
atoms of available oxygen. The reduction of the chromic acid 
was completed by heating the mixture in the water-bath, and the 
cooled solution extracted repeatedly with a large volume of pure 
ether. The acid products were removed from the extract by 
shaking it thoroughly with aqueous sodium carbonate and then 
recovered by again extracting the aqueous solution thoroughly 
with ether after acidification with sulphuric acid. The neutral 
and the acid extracts were dried with sodium sulphate, and the 
ether was distilled off through an efficient column. 

Carbon dioaide. During the oxidation with chromic acid a 
considerable quantity of carbon dioxide was evolved. 

Oxalic acid. The aqueous solution of chromic salts was mixed 
with the acid sodium sulphate solution, and the whole boiled to 
expel carbon dioxide, made faintly alkaline with ammonia, and 
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then treated with a small amount of calcium chloride. The pre. 
cipitate (4-2 grams) was collected, washed with dilute acetic acid 
and water, and identified as calcium oxalate in the usual way 
(Found: Ca = 31-0. Calc., Ca = 31-1 per cent.). 

Glycol, C;H,(OH),. The residue from the neutral extract was 
a viscous syrup which showed no tendency to crystallise. The 
quantity (3-6 grams) was scarcely sufficient for a satisfactory dis. 
tillation, but almost the whole boiled between 110° and 120°/26 mm. 
(Found: C=582; H=10-2. C;H,,0, requires C = 588; 
H = 9°8 per cent.). It was not further investigated. 

Succinic acid. The residue from the acid extract crystallised 
partly on keeping, and a further quantity of crystalline material 
separated after addition of dry chloroform. The crystals (25 
grams) were collected and washed with chloroform. Without further 
purification, they melted at 180—182°, and after crystallisation 
from water, at 184°. They were identified as succinic acid (Found, 
by titration, IJ = 117-6. Calce., M = 118) by direct comparison, 
by the melting point of the mixture with a genuine specimen, and by 
conversion into succinic anhydride, which was identified similarly. 

Lavulic acid. The chloroform solution of liquid acids showed 
no tendency to deposit any more crystals either on keeping or on 
cooling to a low temperature, and therefore it was evaporated 
and the residue esterified with ethyl alcohol and sulphuric acid in 
the usual way. The esters and unchanged acids were extracted 
thoroughly with ether after the addition of water, and the acid 
products removed by aqueous sodium carbonate and recovered by 
re-extraction with ether after acidification. They were then 
re-esterified and the ester was added to the main bulk, which, 
after removal of ether by distillation through a column, was 
carefully fractionated under atmospheric pressure. No trace of 
ethyl acetate, ethyl propionate, or ethyl cyclopropanecarboxylate 
was isolated. The first drop of distillate appeared at 197°, and 
almost the whole was collected at 200—203°, although a few drops 
boiling at 210—215° were obtained, which on hydrolysis with 
hydrochloric acid gave fairly pure succinic acid (0-5 gram) un- 
accompanied by any appreciable trace of methylsuccinic acid. 

The fraction, b. p. 200—203° (11-5 grams), on hydrolysis with 
hydrochloric acid yielded a liquid acid, which boiled at 147— 
149°/18—19 mm. and then solidified to a mass of colourless crystals, 
m. p. 31—32°. It was identified as levulic acid by analysis (Found : 
C=51:7; H=71; M=116. Cale, C=51-7; H=6-9 per 
cent.; J/ = 116), by its m. p. and b. p., and by the m. p. of its 
semicarbazone (190—191°, decomp.) and phenylhydrazone (107— 
108°). 
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The ethyl ester was identified by its boiling point, composition 
(Found: C=582; H=84. Cale, C= 583; H= 8-3 per 
cent.), and the m. p. of its phenylhydrazone (109—110°). 

Recovery of Material.—The following table shows how far the 
material employed was accounted for as identified products of 


oxidation : 
Equivalent Equivalent 
in grams of in grams of 
hydrocarbon oxygen 
Oxidation product. \. oxidised. absorbed. 
9-3 


Levulic acid 
Succinic acid 

Oxalic acid 

Glycol, C,H (OH), 


Hydrocarbon used 15-Ograms Oxygen used 


‘ accounted for 11-6 ,,- », accounted for... 


Balance 3-4 «Cy, Balance 


If the balance of the oxygen were employed in oxidising a portion 
of the hydrocarbon to carbon dioxide and water, a further 2-1 grams 
of hydrocarbon would be accounted for as oxidation products, 
leaving a net deficit of 1-3 grams out of a total of 15 grams to be 
explained as experimental losses and unidentified material. Itseems 
wlikely, therefore, that any important product has been missed. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH Kensineron, 8.W. 7. [Received, June lst, 1923.] 


CXCI.—The Conversion of Sabinol into Thujene. 


By Gzorcr GERALD HENDERSON and ALEXANDER ROBERTSON. 


Taz experiments described in this paper were instituted with the 
object of examining the products formed by the hydrogenation of 
sabinol (I) under different conditions, and also of ascertaining if 
the hydrocarbon produced from dihydrosabinol (II) by the xanthate 
method is «-thujene (III), because if that proved to be the case, 
additional evidence confirmatory of the identity of dihydrosabinol 
with thujyl alcohol would be provided. 


CHMe CMe 

JN. ON 
— gf CH-OH HC ’ oe 
H, \ —> HO \y H, 


C-CHMe, C-CHMe, 
(I1.) (II1.) 
3N 
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Semmler (Ber., 1900, 33, 1459) has shown that sabinol yields 
thujyl alcohol when reduced with sodium and alcohol. Wallach 
(Nach. Ges. Wiss. Gétt., 1919, 3, 321) found that when hydrogen 
is passed into a mixture of sabinol with a dilute aqueous solution 
of palladium chloride the chief product is a saturated alcohol, 
dihydrosabinol (b. p. 206—208°, d?° 0-9090; n, 1-4576) which on 
oxidation gives the ketone thujone; together with the alcohol a 
small quantity of a hydrocarbon (b. p. 161—163°, d*® 0-7950, n, 
1-4375) is produced. Further, it has been proved by Tschugaev 
(Compt. rend., 1910, 151, 1058) that, on reduction at the ordinary 
temperature with hydrogen and platinum black, «-thujene, 
8-thujene, and sabinene all yield the same saturated hydrocarbon 
thujane, C, 9H, (b. p. 157—158°/760 mm. ; d}7 0-8190; ni}? 1-44393), 

On treatment of sabinol with hydrogen in presence of active nickel 
at 170—175°, we obtained a product consisting chiefly of hydro. 
carbons, with a little unchanged sabinol. From the mixture we 
isolated thujane, and another saturated hydrocarbon of b. p. 161— 
163°, but no dihydrosabinol. 

This method having proved unsuitable for the preparation of 
dihydrosabinol, we proceeded to reduce sabinol with hydrogen at 
a pressure of 2 atmospheres in presence of a palladium sol. Hydro- 
genation took place rapidly at the ordinary temperature, and the 
product proved to be a mixture of dihydrosabinol, which was the 
chief constituent, with some thujane and some of the saturated 
hydrocarbon of b. p. 161—163°. The last product was probably 
the same hydrocarbon as that obtained by. Wallach (loc. cit.). The 
physical constants of the dihydrosabinol were found to be practically 
identical with those of thujyl alcohol. 

The dihydrosabinol was then converted by Tschugaev’s method 
into methyl dihydrosabinyl xanthate, a viscous liquid of a dark 
red colour, which did not crystallise. The xanthate was decon- 
posed by heating at 160—165° (C,9H,,°O°-CS-‘SMe = C, H,, + 
MeSH + COS), and the liquid distillate purified from traces of 
sulphur compounds by repeated treatment with sodium, and then 
distilled fractionally. The three fractions which were separated 
corresponded closely in physical properties with those obtained by 
Kondakov and Skworzow (J. pr. Chem., 1903, [ii], 67, 573) in 
their preparation of thujene from thujyl alcohol through methy! 
thujyl xanthate, which also is a viscous liquid, and the two lower 
fractions undoubtedly consisted of thujene—in all probability of 
both the «- and f-isomerides. The highest fraction was not further 
examined, owing to lack of material. It is therefore evident that 
dihydrosabinol is identical with thujyl alcohol. 
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ExPERIMENTAL. 


Hydrogenation of Sabinol.—The sabinol used in these experiments 
was prepared from oil of savin, in which it occurs partly in the 
free state and partly as esters. The oil was heated on the water- 
bath for half an hour with the necessary quantity of alcoholic 
potassium hydroxide and then distilled in a current of steam. 
The volatile products were extracted from the distillate by means 
of light petroleum, and, after removal of the solvent, the sabinol 
was separated from the hydrocarbons with which it was mixed by 
fractional distillation in an atmosphere of carbon dioxide. It 
was observed that a certain amount of decomposition into a hydro- 
carbon and water takes place when sabinol is distilled at atmo- 
spheric pressure, and therefore the final purification was effected 
under diminished pressure. Sabinol (b. p. 208—-210°/758 mm., 
dG? 0-9420, ny) 1:4874) on treatment in pyridine solution with 
pnitrobenzoyl chloride yields a p-nitrobenzoate, which crystallises 
from alcohol in colourless needles, m. p. 76°. 

An attempt was made to hydrogenate sabinol by the method of 
Sabatier and Senderens. A stream of carefully purified hydrogen 
was led through sabinol heated at about 120°, and the mixed 
vapours were passed through a tube filled with fragments of pumice 
covered with finely divided active nickel, and maintained at 170— 
175°. The liquid product, which contained water, was dried over 
anhydrous sodium sulphate and fractionally distilled, with the 
result that the following substances were isolated: (1) a saturated 
hydrocarbon, b. p. 157—160°/760 mm., d? 0-8181, mp 1-4440, 
which, from its physical constants and from its method of form- 
ation, was evidently thujane; (2) another saturated hydrocarbon, 
b. p. 161—163°/761 mm., d2” 0-7950, np 14300, which is probably 
identical with the hydrocarbon obtained by Wallach, along with 
dihydrosabinol, on hydrogenating sabinol in presence of palladium 
chloride; (3) a small quantity of unaltered sabinol. No dihydro- 
sabinol was obtained. 

It was found that the preparation of dihydrosabinol could be 
carried out with satisfactory results by the following process. 
005 Gram of palladium chloride was dissolved in 5 c.c. of water, 
with addition of two drops of concentrated hydrochloric acid, and 
the solution diluted to 90 c.c. and mixed with 10 c.c. of a 10 per 
cent. solution of gum arabic. The liquid was then heated at 80° 
and the palladium chloride reduced by gradual addition of a dilute 
solution of hydrazine hydrate. The black, colloidal solution of 
palladium thus obtained was transferred to a 400 c.c. bottle fitted 
with a rubber stopper through which passed an inlet and an outlet 

3N2 
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tube, the former being connected to a hydrogen container and 
manometer. ‘Twenty grams of sabinol were poured into the bottle, 
the stopper was inserted, the air displaced by hydrogen, the outlet 
tube closed, the pressure of hydrogen increased to 2 atmospheres, 
and the bottle agitated. Under these conditions, the reaction was 
completed in about fifteen minutes, 20 grams of sabinol taking 
up 2°85 litres of hydrogen, whilst the quantity theoretically required 
was 2-99 litres. 

It was found that a sol of platinum could be used as a catalyst 
instead of palladium, and with similar results, and also that the 
process of hydrogenation does not take place, except to a small 
extent, when the sabinol is dissolved in alcohol or in glacial acetic 
acid. 

The product of hydrogenation was distilled in a current of steam 
and extracted from the distillate with light petroleum, the solution 
dried over anhydrous sodium sulphate, the solvent removed, and 
the residual liquid fractionally distilled. Three compounds were 
isolated, namely (1) thujane, (2) the same hydrocarbon of b. p. 
161—163° as was produced by the action of hydrogen on sabinol 
in presence of active nickel, and (3) the saturated alcohol, dihydro- 
sabinol. This alcohol is a colourless liquid, b. p. 206—208°, d?’ 
0-9100, np 1-4601. When treated with p-nitrobenzoyl chloride in 
the usual manner, it did not yield a nitrobenzoate, but appeared 
to undergo dehydration. 

Preparation of U'hujene from Dihydrosabinol.—The dihydrosabinol 
was first converted into sodium dihydrosabinyl xanthate, 
Ci9H,,"O°CS:‘SNa, by treatment of its solution in toluene with 
sodium and then with carbon disulphide and ether, and the 
sodium salt was converted by means of methyl sulphate into 
methyl dihydrosabinyl xanthate, C,)H,,*°O-CS:SMe, which was 
obtained in the form of a dark red, viscous liquid. The xanthate 
was decomposed by heating at 160—165°, and finally at 180°, and 
the distillate purified by distillation with sodium. After six 
repetitions of this treatment, a colourless liquid, free from 
sulphur compounds, was obtained, which distilled at 152—166° 
and consisted of a mixture of unsaturated hydrocarbons. On 
fractionation of this mixture, the following products were separated : 
(1) a liquid, b. p. 151—152-5°, d? 0-8230, ny 1:4500; (2) a liquid, 
b. p. 152—156°, d? 0-8260, mp 1-4590; (3) a liquid, b. p. 156— 
167°, d? 0-8281, mp 1-4528. In physical properties, these corre- 
spond with the fractions of the thujene prepared from thujy! 
alcohol by the xanthate method (Kondakov and Skworzow, loc. 
cit.), and it is evident that the lower fractions consist mainly, if 
not altogether, of thujene, probably both the «- and the £-isomerides 
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being present. This was confirmed by the fact that they responded 
to the following test for thujene. The hydrocarbon was dissolved 
in chloroform, and to the cooled solution a chloroform solution of 
bromine (1 mol.) was added. The chloroform was evaporated 
under diminished pressure at the ordinary temperature, leaving 
a dark coloured, oily liquid. On dilution with alcohol, this liquid 
gave an intense red coloration. 


We desire to express our thanks to the Carnegie Trust for a 
scholarship which enabled one of us (A. R.) to take part in this 
work, and for a grant which met some of the expense. 


UNIVERSITY OF GLASGOW. (Received, June 6th, 1923.] 


CXCII.—The Correlation of Additive Reactions with 
Tautomeric Change. Part I. The Aldcl Reaction. 


By Epira Hitpa UsHERWOOD. 


In the series of papers of which this is Part I it is proposed to 
examine a number of typical additive reactions of the general 


type 
(H)—-X + A=B—>(H)—-A—B—X .. . (I) 


in order to ascertain, in the first place, whether, as there is reason 
to believe, the reversibility of these reactions is an absolutely general 
phenomenon; further, supposing that this is the case, it is pro- 
posed to determine how the equilibria which are established between 
the addenda and the additive product are affected by temperature, 
and in how far they are conditioned by the structure of the sub- 
stances involved. The present communication is concerned primarily 
with the aldol additive process, in which the residue A‘B in the 
general formula is the carbonyl group, C:0, and in the ensuing parts 
analogous reactions involving other double-bonded groupings, 
such as C:N, N:N, C°C, will be examined. 

The view underlying this series of communications is, briefly, 
as follows. In the reactions under consideration the saturated 
addendum is of the type (H)—X in all cases, the hydrogen atom, 
(H), becoming separated during the additive process from the 
residue to which it was previously attached. These additive 
reactions are therefore to be included amongst a number of 
apparently dissimilar types of change, which, however, possess a 
common feature connected in an intimate manner with the nature, 
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indeed the strength, of the valency joining the reactive or “ mobile ” 
hydrogen atom * to the residue of the molecule. 

Of these types depending on the presence of a mobile hydrogen 
atom, the only one which needs to be considered here is the 
reversible isomeric changes which occur where the triad grouping 
(H)—X—Y—=Z possesses tautomeric mobility. Certain sym. 
metrical systems of this class, those in which X and Z represent 
the same element, have recently been examined by Ingold and 
Piggott (T., 1922, 121, 2381), who have shown that mobility, re. 
sulting in the establishment of equilibria, (H)*X*Y:Z == X°Y-Z-(H), 
does not always arise in systems which conform to the triad type 
unless certain other conditions are also satisfied; these relate 
only to the terminal atoms of the system and not to the central 
atom. Since in the establishment of an equilibrium the tautomeric 
hydrogen atom of each individual molecule must become detached 
in turn from both the terminal atoms of the system, the indications 
obtained by Ingold and Piggott may plausibly be interpreted on 
the ground that tautomeric change must necessarily be associated 
with the occurrence of hydrogen in the condition which has been 
termed “ mobile.” 

In order that triad tautomeric change may take place, however, 
it is obviously necessary that the molecule contain, not only a mobile 


hydrogen atom, but also an appropriately situated double bond. 
The change may therefore be regarded as a kind of additive reaction, 
the residue containing mobile hydrogen “ adding ”’ to the unsaturated 
residue much as in the intermolecular additive process with which 
it is compared in the following equations : 


(H)--X + Y=Z—> X—Y—Z—(H) (additive process). 
(H)—X—--Y=Z —> X=Y—Z—(H) (tautomeric change). 


Thus we are led to recognise a close similarity between the intra- 
and inter-molecular changes; and, provided certain conditions 
(referred to below) are satisfied, a general comparison becomes 
possible between additive reactions involving mobile hydrogen and 
each of the principal types of tautomerism (reversible isomeric 
change). Keto-enol tautomerism becomes the intramolecular form 


* In this paper, the word ‘“ mobile,’? when unqualified, is intended to 
connote a hydrogen atom capable of becoming detached in additive processes 
and such other reactions as are referred to. It is, perhaps, unfortunate that 
the word is so frequently used without qualification to mean “ tautomeric 
mobility,” which is in reality only a particular case of “‘ mobility ” in the 
wider sense just explained. The author would have preferred to use the 
word “ activated,’’ which seems less likely to be confused with its physico- 
chemical meaning than ‘‘ mobile ” is with its ordinary organic significance. 
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of the aldol reaction, three-carbon tautomerism that of the Michael 
reaction, and so forth : 


>C[H]X + C=0 —>>Cx — C—O[H] (alcohol reaction). 
>C{H] —_—C=0 ane >C==—C— O[H] (keto-enol change). 


In order to complete this analogy, one important condition 
has to be satisfied : it must be shown that the additive processes 
are reversible, and to establish this forms an essential part of the 
general object of this series of investigations. In this paper, the 
aldol] and retrograde aldol reactions are studied, and thus the 
analogy between these inverse actions and reversible keto-enol 
change is completed. Moreover, in view of Ingold, Perren, and 
Powell’s experiments (T., 1922, 121, 1414 and earlier), the analogy 
hetween the Michael reaction and three-carbon tautomerism is 
equally complete. 

Generalising these results, this fundamental point of view can 
be adopted: that every mobile triad system [H]—X—Y-=--Z 
may be regarded as consisting of two elementary parts, [H]—X 
and Y—Z, by the interunion of which tautomeric change takes 
place; that since this tendency towards the interaction of the two 
residues operates no matter whether they are in the same or in 
different molecules, each tautomeric change will be found to have 
its counterpart in a reversible additive process depending on the 
separation of mobile hydrogen. 

It will not seem remarkable that the existence of equilibria in 
aldol reactions should hitherto have escaped the notice of numerous 
investigators, when it is recalled that the simple additive process 
is usually only the first stage of a more or less complex series of 
reactions. Since a single subsequent reaction, particularly one 
which is irreversible, as, for instance, the elimination of water,* 
would be sufficient to destroy any equilibrium which would other- 
wise have been reached, it is plainly a practical necessity for any 
detailed study of the simple additive process to preclude the possi- 
bility of subsequent reactions by employing alkylated aldols con- 
taining the group —CH(OH)-CRR’-CHO, which are incapable 
either of losing water or of combining with themselves to form 
more complex aldols. The simplest aldol of the required type is 
isobutaldol, CHMe,-CH(OH)-CMe,*CHO, and therefore this com- 
pound was chosen as the standard example. 

In the first place, it was necessary to show that the retrograde 


* Despite this and other side reactions, Koelichen (Z. physikal. Chem., 
1900, 88, 130) has succeeded in observing the equilibration of acetone with 
diacetone alcohol. 
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aldol reaction could be realised under the conditions in which the 
direct aldol reaction is usually carried out. This was readily proved 
to be the case, for when specimens of isobutaldol, which had been 
shown to be free from any trace of isobutaldehyde, were treated 
with aqueous potassium carbonate under conditions similar to those 
used in the preparation of isobutaldol, considerable quantities of 
isobutaldehyde were produced. A closer study of the process 
showed that the composition of the mixture of isobutaldehyde and 
isobutaldol formed under given conditions of temperature and 
concentration was the same, provided that sufficient time for 


Fria. 1. 
Temperature 60°. 


— 


Aldol per cent. 


SS 
“4 
S 
o 
aR 
) 
Q 
YJ 
3 
> 
< 

Ss 
8 
q 


6 8 10 12 
Time (hours). 


equilibration was allowed, no matter whether the pure aldehyde 
or the pure aldol were employed as the starting material : 


CHMe,*CHO ++ CHMe,,CHO == CHMe,‘CH(OH)-CMe,-CHO. 


Fig. 1 is a graphical record of a set of experiments for the tem- 
perature 60°. The curves illustrate the attainment of the equi- 
librium from both sides, and the manner in which the time factor 
affects the composition of the mixtures obtained. It will be seen 
that the true equilibrium for this temperature is close to 33-2 per 
cent. of isobutaldehyde and 66-8 per cent. of isobutaldol, and that 
this value is reached to within a few units per cent. in the course 
of about ten hours. 

It is to be expected that three conditions will contribute towards 
the fixing of the equilibrium between the formation and the fission 
of aldols, namely, concentration, temperature, and molecular 
structure. 


AljAchwude mer cent. 
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The influence of concentration arises from the fact that the 
additive process is bimolecular, whilst the fission reaction is uni- 
molecular; hence dilution must favour the fission reaction. 

The effect to be expected from alterations of temperature must 
differ in sign according as heat is developed or absorbed in the 
additive process. Actually, as the figures recorded in the experi- 
mental portion show, the heat of formation of the aldol must have 
a considerable positive value, since an increase of temperature 
causes a marked shift in the equilibrium in the direction favouring 
the aldehyde. This is well illustrated by Fig. 2, from which it 


Fia. 2. 
Furthest point towards equilibrium x Position of equilibrium 
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em- —& will be seen that the equilibrium changes from 10 to 90 per cent. 
qui- — Within a temperature range of less than 100°. In Fig. 2, the crosses 
tor F represent the positions of equilibrium estimated from the experi- 
een mental data, the arrow-heads stand for the nearest points to which 
per § the equilibria were approached in individual experiments, and the 
hat curve is the graph of an equation derived from van’t Hoff’s reaction 
rse — isochore on the assumption that the heat of formation of the aldol 
from the aldehyde is 20 kilogram-calories per gram-molecule.* 
rds * It would be interesting if some investigator possessing a combustion 
on calorimeter would make a direct determination of this figure. No work 
lar appears to have been done hitherto on the heats of combustion of aldehydes 


and their aldols, or, indeed, on the thermochemistry of the Michael reaction 
or any other of the additive reactions discussed in this paper. 
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If g is the heat of formation of the aldol, it follows from van’ 
Hoff’s relation that 


100 — p q 
logio2 = 23006 RT + © 
where p is the weight per cent. of aldehyde in the equilibrium 
mixture. The equation approximately represents the experimental 
results if g is placed equal to 20 kilogram-calories and C to —14-50:* 


logy OS? + 14-50 = 


20,000 
£57 T (2) 
No doubt the agreement of this equation with the experimental 
data could be slightly improved by adjusting the constants, but the 
observations themselves are probably not accurate enough to 
warrant any such refinement. 

It is interesting to note in connexion with the effect of tempera- 
ture on the equilibrium that isobutaldol undergoes quantitative 
fission into its aldehyde on heating at atmospheric pressure. No 
doubt “ secondary ” and “ primary ” aldols, containing the groups 
—CH(OH)-CHR-CHO and —CH(OH)-CH,°CHO, respectively, would 
undergo similar quantitative fission at some suitable temperature 
were it not for the fact that the elements of water can be eliminated 
from these substances with the formation of stable unsaturated 
aldehydes; for Thalberg (Monatsh., 1898, 19, 154) noticed that 
propaldol on distillation under atmospheric pressure yields a 
mixture of propaldehyde and methylethylacraldehyde, whilst 
Lilienfeld and Tauss (ibid., p. 80) and Kohn (zbid., 1901, 21, 23, 311) 
made similar observations in other individual cases. Thermal 
fission of this kind does not necessarily mean that at the high 
temperature the equilibrium is such as to favour practically quan- 
titative conversion into the smaller molecules, although, as Fig. 2 
shows, this undoubtedly is the case for isobutaldol. The explana- 
tion appears to be that the equilibration, which at low temperatures 
requires the addition of catalysts, at high temperatures takes 
place without this aid, and that the aldehyde, formed in this way 
at a temperature considerably above its boiling point, is removed 
in the form of vapour as fast as it is produced, thus rendering the 
decomposition quantitative. 

Experiments on the influence of structural factors on these 
equilibria are at present in progress. 


EXPERIMENTAL. 


Materials —The isobutaldehyde was prepared from Kahlbaum’s 
isobutyl alcohol by a method essentially the same as that described 


* This figure is appropriate to the conditions of concentration actually 
employed, which were the same throughout the series of experiments. 
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by Fossek (Monatsh., 1881, 2, 614; 1883, 4, 66), excepting that 
the theoretical quantity of potassium dichromate was used in place 
of the smaller amount recommended. The aldehyde was purified 
by conversion into its crystalline polymeride and subsequent 
depolymerisation (Fossek, Monatsh., 1883, 4, 661). It boiled at 
65°/758 mm. 

The isobutaldol was prepared from isobutaldehyde by treatment 
with saturated aqueous potassium carbonate in the manner described 
by Brauchbar (Monatsh., 1896, 17, 637). 

Identity and Purity Criteria—The specimens of isobutaldehyde 
and aldol obtained as products of the experiments described below 
were identified by their boiling points, 65°/758 mm. and 114—117°/ 
15—16 mm., respectively, and by analysis (Found: for the alde- 
hyde, C = 66:8; H= 11-0. Calc.,C = 66-7; H=11-1. Found: for 
the aldol, C = 67-1; H=10-9. Calc.,C = 66-7; H = 11-1 per cent.). 

General Method of Experiment.—The pure aldehyde or aldol 
was mixed with an equal volume of saturated aqueous potassium 
carbonate, and kept in a closed vessel at a known temperature for a 
period of time which preliminary experiments had indicated to 
be sufficient to ensure equilibration to within two or three units 
per cent. The product was then thoroughly extracted with pure 
ether and washed with a little water, and the washings were again 
extracted with ether. The combined ethereal extracts were dried 
over calcium chloride, and the ether slowly distilled off through a 
long fractionating column, the receiver being changed when about 
9 c.c. of liquid remained in the distilling flask. When nearly all 
the ether had passed over, the liquid was transferred to a Claisen 
flask (the last traces being washed in with ether), and the ether 
removed as far as possible by distillation through a small fraction- 
ating column. The residue was then distilled without a column 
until a thermometer immersed in the liquid registered 120°, the 
receiver being changed when a second thermometer, immersed in 
the vapour, recorded the boiling point of the aldehyde. (Pre- 
liminary experiments had shown that the aldol does not undergo 
thermal decomposition into aldehyde at 120°.) Usually a small 
quantity of aldehyde still remained in the residual liquid; it was 
removed by distillation in a current of dry carbon dioxide at 100°, 
and collected with the aid of an efficient condenser, fed with ice- 
cold water, and a receiver cooled in ice. This distillate, and that 
which passed over at 65° (vapour temperature), consisted of pure 
isobutaldehyde; the various preceding distillates proved to be 
solutions of csobutaldehyde in ether, and the residue in the distilling 
flask isobutaldol containing a small amount of octaglycol mono- 


isobutyrate (compare Kirchbaum, Monatsh., 1904, 25, 249). 
3N* 2 


1724 USHERWOOD: THE CORRELATION OF ADDITIVE REACTIONS 


Preliminary experiments had shown that isobutaldol, on heating 
in a distilling flask fitted with a fractionating column and condenser, 
decomposes smoothly and quantitatively into ssobutaldehyde; 
octaglycol monoisobutyrate, on the other hand, was unchanged 
by this treatment, and therefore the process afforded a convenient 
means of estimating the quantity of isobutaldol in mixtures of this 
substance with the ester. 

The liquid obtained as residue after the distillation in carbon 
dioxide was heated in the manner described until no more aldehyde 
passed over. (The aldehyde thus obtained was quite pure.) The 
small amount of liquid adhering to the column was then washed 
back into the distilling flask, and the last traces of the aldehyde 
formed by decomposition of the aldol, were completely removed by 
distillation without a column in a current of ether vapour. The 
almost colourless residue in the flask consisted solely of the 
octaglycol ester (b. p. 250°). 

It was also found possible to obtain a fairly complete separation 
of the aldol and ester by distillation under 12 mm. pressure, but this 
process was not quite quantitative and was not employed in the 
final series of experiments. 

The quantity of ester formed in these experiments was usually 
of the order of 2—3 grams, that is, about 6—9 per cent. of the 
theoretical, and this was neglected (that is, treated as material put 
out of action) when considering the relation between isobutaldehyde 
and isobutaldol. As explained above, the estimation of the 1so- 
butaldol in the product of an experiment was made to depend on its 
quantitative conversion (after removal of the accompanying 1s0- 
butaldehyde) into isobutaldehyde by destructive distillation. The 
estimation of the aldehyde, whether obtained was a product of the 
experiment or formed by decomposition of the aldol, was com- 
plicated by the fact that in each case only a portion of the aldehyde 
was isolated in the pure condition, the remainder being obtained 
in solution in ether, from which it could not satisfactorily be 
separated. Therefore, in order to complete the analysis, it was 
necessary to find a means of estimating the aldehyde in ethereal 
solution. 

The method ultimately employed depended on a study of the 
reaction between the aldehyde and anhydrous ammonia, which 
proceeds quantitatively according to the equation 

7C,H,O + 6NH, = C.g,H,.ON, + 6H,0. 
The method of experiment was as follows: Twenty c.c. of the 
ethereal solution to be analysed were saturated with anhydrous 
ammonia, and then the ether and excess of ammonia rapidly 
evaporated at the ordinary temperature, and the products of the 
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action weighed. From the stoicheiometric relation, due allow- 
ance being made for the solubility of ammonia in the small amount 
of water formed in the reaction, the quantity of aldehyde originally 
present could be calculated. It was found, however, that the value 
obtained in this way was usually somewhat high, owing to the 
absorption of moisture from the atmosphere during manipulation, 
and although this error could be obviated by taking precautions to 
exclude the atmosphere, it proved to be more convenient, when 
carrying out a large number of estimations, to determine the error 
by means of a comparable series of blank experiments using known 
amounts of aldehyde, and correct for it. 

In the case of the very dilute solution of aldehyde obtained as 
distillate when the original ethereal solution was concentrated to 
%c.c. (p. 1723) a further check was necessary, as, even if 50 c.c. were 
taken for analysis, a very small error in the actual determination 
became appreciable when calculated on the whole volume (about 
350 c.c.). This control was applied by determining the rate of 
“leakage ”’ of aldehyde through the fractionating column when 
employed to separate ether from known mixtures of ether, aldehyde, 
and aldol under standard conditions. In this series of experiments, 
the figures for the rate of leakage were obtained by difference, 
since the aldehyde retained in the distilling flask could be accurately 
estimated by the methods already described. 

From the general concordance of the data obtained in the above 
experiments, and from the evidence afforded by the consistency 
of the final values, it may be concluded that the latter are unlikely 
to be in error by more than 1 or at most 2 per cent. 

Results —Whilst it is unnecessary to give in detail the numerical 
data obtained in the rather numerous experiments referred to 
above, the following figures may be quoted in illustration of the 
method of approaching the equilibrium from both sides (x denotes 
the percentage of aldehyde in the mixture of aldehyde and 
aldol). 


Temperature 60°. x. 


NERS <csesnsnssesséreevionoovenantisisereees Aldehyde 

ES SN iniaiccinibintdaknabcnoddeainonsachen 49 

dr EE cc. ccd seuccesaeeacesaseteeniaseeese 36 
MINNIE. | ceacissndndivestbeidideiciecdievedsens Aldol 

UN eas i 26- 

DPM. sccs cout naveepasasooessecanwasseses 31 

33 


(Estimated for infinite time ......s.sscs0sscseseeeseees ) 


The following table records the nearest points to which the 
equilibria were approached from either side at the three tempera- 
tures investigated. 


THOMAS AND RIDING : 


Percentage of 
Temperature. Time. Starting material. aldehyde. 


13° 10 days Aldehyde 

13° 10 days Aldol 
(Estimated for infinite time 
60° 10 hours Aldehyde 

60° 10 hours Aldol 
(Estimated for infinite time 
P 1-5 hours Aldehyde 

100° 1-5 hours Aldol 

(Estimated for infinite time 


The further reduction of these data and the calculation of the 
heat of reaction have already been described in the introduction. 


The author wishes to thank the Chemical Society for a grant with 
the aid of which the expenses incurred in this research have been 
met. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KEnsIneTon, 8.W. 7. [Received, May 15th, 1923.] 


CXCIII.—The Polysulphides of the Alkali Metals. 
Part IV. The Polysulphides of Ammonium. 


By Joun Smeatu Teomas and Ricnwarp Winiiam Riptina. 


SEVERAL polysulphides of ammonium have been described, but 
the accounts are contradictory and untrustworthy. In some cases, 
it is highly improbable that the methods of preparation employed 
could have yielded the compounds described in anything but a 
very impure state. 

It has long been known that aqueous solutions of these poly- 
sulphides can be obtained by dissolving sulphur in ammonium 
hvdroxide. These solutions are, however, complicated mixtures 
and they invariably contain free ammonium hydroxide. Attempts 
have been made from time to time to determine the true nature 
of these solutions and also to prepare specimens of the polysulphides 
in a state of purity. Thus, Fritsche (J. pr. Chem., 1841, 24, 460; 
1844, 32, 313) acted on solutions of ammonium hydroxide with 
hydrogen sulphide and sulphur under a variety of conditions. 
From these solutions, solids crystallised which Fritsche considered 
to be polysulphides, but which must have contained free sulphur. 
In this way he claimed to have isolated a tetra-, a penta-, and a 
hepta-sulphide. He was, however, unable to prepare either a 
di- or a tri-sulphide. 

Similar methods were employed by Bloxam (T., 1895, 67, 277) 
in a very thorough investigation of the preparation of these com- 
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unds from aqueous solutions. He too succeeded in isolating 
hydrated tetra-, penta-, and hepta-sulphides and, in addition, he 
described compounds having the formulae (NH,),8, and (NH,),So, 
which he called tetra-ammonium enneasulphide and ammonium 
enneasulphide, respectively. To the first of these compounds 
Bloxam attached peculiar importance. In his view, this substance 
is the parent from which all the other ammonium polysulphides 
are derived by decomposition. This point is of interest inasmuch 
as he assigned a similar importance to so-called enneasulphides of 
sodium and potassium (T’., 1900, 77, 753), of the existence of which 
Thomas and Rule (T., 1917, 111, 1063) could find no evidence. 

Like Fritsche, Bloxam was unable to prepare either a di- or a tri- 
sulphide, though he described a solution which he considered to 
be a solution of the latter compound. Evidence in favour of this 
was obtained by Hofmann and Hochtlen (Ber., 1903, 36, 3090; 
1904, 37, 245), who, on adding auric chloride to Bloxam’s solution, 
obtained crystals having the composition NH,AuS, in which the 
gold was believed to be univalent. 

The experiments of both Fritsche and Bloxam were conducted 
in aqueous solutions, and their preparations were doubtless rendered 
impure to a considerable extent by the hydrolysis of these solutions. 
Unfortunately, too, Bloxam’s view of the mechanism by which 
polysulphides are formed was incorrect. In his opinion, direct 
addition of sulphur to the monosulphide took place thus, (NH,).S ++ 
48> (NH,),S;, and in his preparations he always used as his 
starting point solutions approximating in composition to the mono- 
sulphide, sulphur being then added in amount corresponding to 
the above, and to similar equations for the lower compounds. The 
reaction between sulphur and the monosulphide, however, takes 
place but slowly, whereas sulphur reacts rapidly with the hydro- 
sulphide, hydrogen sulphide being evolved : 

2NH,HS + 48 —> (NH,),S; + H,S. 

In this case, only half the quantity of sulphur is required to convert 
a solution of the same sulphur content into polysulphide. Since 
Bloxam’s solutions almost certainly contained both monosulphide 
and hydrosulphide in equilibrium, the evolution of considerable 
quantities of hydrogen sulphide was observed by him. Instead 
of having added the amounts of sulphur theoretically required, 
he always had a large excess, and therefore free sulphur must 
often have been present in his final products. 

In view of these circumstances the present authors determined 
to reinvestigate these compounds. None of the previous workers 
had attempted to prepare them by using non-aqueous solvents, 
a method which offers obvious advantages. In earlier papers 
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of this series (T., 1914, 105, 177, 2819; 1917, 111, 1063), the action 
of sulphur on alcoholic solutions of the hydrosulphides of sodium 
and potassium was described. This reaction was found to result 
in the formation of sodium tetrasulphide and potassium penta. 
sulphide, respectively, in the anhydrous condition, and by the 
application of a similar method it seemed probable that polysul. 
phides of ammonium could also be obtained. 

In a previous paper (this vol., p. 1181), it has been shown that 
solutions consisting mainly of ammonium hydrosulphide are obtained 
when hydrogen sulphide is slowly passed into moderately dilute 
alcoholic solutions of ammonia at 0°. These solutions were made 
the starting point of this investigation. 


EXPERIMENTAL. 


Action of Sulphur on Alcoholic Solutions of Ammonium 
Hydrosulphide. Ammonium Pentasulphide. 

The ammonium hydrosulphide solutions were prepared in the 
manner described by Thomas and Riding (loc. cit.). They were 
found to contain but small quantities of the monosulphide. The 
sulphur employed was roll sulphur. It was purified by twice 
recrystallising it from carbon disulphide, reducing the crystals to 
a fine powder, and keeping the powder for several hours at 80° to 
remove the last traces of solvent. 

In an experiment, 100 c.c. of ammonium hydrosulphide solution, 
containing 14-4 grams of NH,SH, were treated with 18 grams of 
finely powdered sulphur, this being the amount theoretically 
required to convert the hydrosulphide into pentasulphide in 
accordance with the equation given above. A stream of dry 
hydrogen was bubbled through the liquid, which was kept at 60° 
under reflux for several hours. The sulphur dissolved forming 
a deep red, almost black solution, and torrents of hydrogen sul- 
phide were evolved. On cooling, a large quantity of beautiful 
yellow crystals separated. These were filtered with gentle suction, 
washed first with about 20 c.c. of cold alcohol, then with 20 c.c. 
of a mixture of carbon disulphide and ether, and finally with dry 
ether. The crystals appeared to decompose in the air, but they 
did not change appreciably when kept over paraffin wax in a desic- 
cator containing ammonia under slight pressure. After three days 
they were analysed, 

The ammonia was estimated by direct titration with N/10-acid 
and both the total sulphur and also the polysulphide sulphur were 
estimated. In the case of the total sulphur estimation, a weighed 
quantity of substance was treated with 50 c.c. of a 10 per cent. 
solution of sodium hydroxide, and bromine was then added in slight 
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action — excess. After the excess of bromine had been evaporated on the 
sodium  water-bath, the solution was rendered slightly acid with hydro- 
result § chloric acid, and the sulphur precipitated as barium sulphate. 
penta. — The polysulphide sulphur was estimated by Kiister and Heberlein; 


method (Z. anorg. Chem., 1905, 43, 53). The weighed substance 
was added to about 100 c.c. of dilute, chlorine-free hydrochloric 
acid, the liquid being then heated on the water-bath for an hour. 


y the 
olysul. 


1 that § The polysulphide sulphur was thus obtained as a flocculent pre- 
‘ained § cipitate; it was collected in a Gooch crucible, washed, dried at 80°, 
dilute § and weighed directly [Found: NH,= 18-18; (S)* = 65°68; 


§8*= 81:15. NH,:(8):S=2:403:4-98. (NH,),S; requires 
NH, = 18-34; (S) = 65°33; S = 81-66 per cent.; NH,: (8):S = 
2:4: 5]. 

A series of experiments was performed in which the ratio between 
the amount of ammonium hydrosulphide taken and that of the 
sulphur added was varied. When the proportion of sulphur added 
was less than that required for the formation of (NH,),S,, clear 
red solutions were obtained which, if the amount of sulphur added 
exceeded that required for the formation of the disulphide, deposited 
crystals on cooling. These crystals were filtered off and analysed. 
In every case, they were found to consist of the pentasulphide, 
rendered more or less impure by the presence of hydrosulphide, 
and every attempt to prepare lower polysulphides by adjusting 
the proportions of sulphur and ammonium hydrosulphide either 


made 


ion, 
s of by crystallisation or by precipitation with ether ended in failure. 
ally The products obtained by the latter method were much more 


impure than those obtained by crystallisation. They were generally 


in 
dry faintly yellow in colour and their composition was quite indefinite ; 
60° they certainly contained hydrosulphide, for on treatment with 


sulphur much hydrogen sulphide was evolved. 
This observation is in agreement with those recorded by Rule 


iful and Thomas (loc. cit.) in their investigation of the polysulphides 
on, of sodium and potassium. They showed that the action of sulphur 
2.0, on the hydrosulphides of these metals results in the formation of 
Iry one polysulphide only, sodium tetrasulphide, and the pentasulphide 
ey in the case of potassium. It would appear, therefore, that this 
ic- is true of the ammonium compounds also and that, inasmuch as 
ys the polysulphide obtained is the pentasulphide, they resemble 
the potassium compounds more closely than those of sodium, as, 
id indeed, one would expect. 
Te When sulphur was added to the hydrosulphide in amounts 
ed greater than would be required for the formation of the penta- 
it, sulphide, solutions were obtained which were almost black in colour. 


* (S) and S denote polysulphide sulphur and total sulphur, respectively. 
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These solutions deposited red crystals on cooling, which, on treat. 
ment with water, partly dissolved, leaving a residue of sulphur, 
When these crystals were treated with carbon disulphide, sulphur 

s removed and an orange-red substance remained. This was 
washed free from carbon disulphide with ether, and after standing 
over paraffin wax it was analysed (Found: NH, = 17-74; (S) = 
65:22; S= 81-24; NH,:(S):S=2:4-22:5-26. (NH,),S, 
requires NH,= 18-34; (S) = 65-33; S = 81-66 per cent: 
NH,: (S):S = 2:4:5]. These figures prove that this residue 
consisted of practically pure ammonium pentasulphide. 

The solution from which the crystals described above were 
deposited yielded a copious precipitate of sulphur on treatment 
with water, whereas when sulphur had been added in smaller amount 
than that required to form the pentasulphide the addition of water 
to the mother-liquor gave a perfectly clear solution. These results 
are similar to those obtained in the case of potassium. Here too 
there is no indication of the formation of higher polysulphides 
than the pentasulphide, even when quantities of sulphur far in 
excess of that corresponding with the pentasulphide are used. 

Anhydrous ammonium pentasulphide is obtained in orange-yellow 
crystals by the method previously described; a microscopic 
examination of these crystals, suspended in Canada balsam, showed 
them to be quite homogeneous. When the substance is exposed 
to air, it changes colour, becoming deep red, and at the same time 
it decomposes rapidly into hydrogen sulphide, ammonia, and 
sulphur. This decomposition takes place more rapidly when the 
crystals are kept over calcium chloride, more slowly, but still at 
an appreciable rate, when phosphoric oxide is employed as the 
drying agent. In the majority of cases, it was only necessary to 
keep the substance for a short time, a few days at most, and it 
was found that this could be accomplished by placing it in a desic- 
cator containing chips of paraffin wax to remove ether, and filled 
with ammonia under slight pressure ; the amount of decomposition 
during these short periods was so small that it could safely be 
neglected. If, however, the crystals are stored in a solution of 
ammonia in dry ether they may be kept unchanged for very con- 
siderable periods. 

Two explanations may be offered of the colour change which 
is observed when the crystals are exposed to air. In the first place, 
the substance may exist in two modifications, one of which is orange- 
yellow, the other deep red. Some support is given to this view 
by the fact that the change is greatly accelerated by the presence 
of moisture or of free ammonia, particularly the former, the weight 
of the substance remaining unaltered, and that, on passing a current 
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treat. § of dry air over a little of the substance in which the colour change 
phur, — has been effected by the action of ammonia, the reverse change 
Iphur § jmmediately takes place and the crystals immediately become 
} Was & yellow. 

aiding On the other hand, Fritsche (loc. cit.) states that the spontaneous 
S) = ff decomposition of ammonium pentasulphide results in the formation 
4); ff of ruby-red crystals of the heptasulphide, a change which he repre- 
ent.; & sents by the equation 


3(NH,).S; —> 2(NH,).S, + (NH,)QS. 
Fritsche’s experiment was repeated by Bloxam, who, however, 
considered the substance he obtained to be the enneasulphide, 
(NH,)oS9. With the object of investigating this divergence of 
opinion, the present authors exposed 10 grams of finely divided 
ammonium pentasulphide to the air until its colour was deep red 
throughout. A considerable amount of decomposition had taken 
place but, on examining the mass by means of a lens, it appeared 
to be homogeneous. At this point, an analysis was made [Found : 
NH, = 13-98; S = 85-89; (S) = 73-82 ; NH, : (8): 8S = 
2:5°98: 6:89. (NH,).S, requires NH, = 13-82; (S) = 73-87; S = 


86:18 per cent.; NH,: (S8):S = 2:6: 7]. 
pic This analysis, which is typical of several others, certainly agrees 
ved [f with the composition theoretically required by the heptasulphide, 


but it is in no way conclusive. When the decomposition was 
allowed to proceed further than the point mentioned, quite discor- 


und dant results were obtained. It should also be mentioned that on 
the treatment with water the red crystals yielded a distinctly turbid 
at solution. Nevertheless, in view of the evidence obtained in later 
the experiments presently to be described, the authors are of opinion 
to that the red colour which develops during the decomposition of 
it the pentasulphide is due to the formation of ammonium hepta- 
ic- sulphide. 
ed Ammonium pentasulphide readily dissolves in water to form 
on a yellow solution which, on warming, darkens in colour and finally 
be becomes almost black. Bloxam’s statement (loc. cit.) that ammon- 
of ium pentasulphide is decomposed by water, sulphur being deposited, 
ai is probably to be explained by the presence of dissolved oxygen in 
the water used by him. When freshly boiled, distilled water is 
‘h employed, perfectly clear solutions are obtained, which, if air is 
e; excluded, can be kept for weeks without any decomposition taking 
B- place. It was also noticed that the addition of a few drops of 
” ammonia to tap water made it possible to use such water to prepare 
¥ stable solutions of the pentasulphide. 
- The substance is much less soluble in alcohol and, like the aqueous 


solutions, the solutions thus obtained deposit sulphur when they 
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are exposed to the air. When the pentasulphide is shaken with 
alcohol at the ordinary temperature, bright yellow crystals are 
obtained on the sides of the vessel. These crystals appeared to be 
small, monoclinic prisms and they are probably an alcoholate 
similar to that formed by potassium pentasulphide when it is treated 
in this way (compare Rule and Thomas, T., 1914, 105, 2822). 

Ether, carbon disulphide, and most other organic solvents are 
without action on ammonium pentasulphide in the cold, but its 
behaviour when treated with pyridine or nitrobenzene may perhaps 
be mentioned. On the addition of pure pyridine, an intense red 
colour is produced in the liquid, which becomes turbid. A definite 
reaction appears to take place, resulting possibly in the formation 
of an additive compound, but this point has not yet been investigated, 
Potassium pentasuiphide and sodium tetrasulphide behave in a 
somewhat similar manner except that in the case of the sodium 
compound the colour produced is green. 

When the pentasulphide is treated with nitrobenzene in the cold, 
the solvent becomes pink. On warming the liquid, the colour 
disappears, but it returns as the liquid cools. The substance 
itself undergoes no apparent change. Biltz and Wilke-Dérfurt 
(Ber., 1905, 43, 53) noticed that rubidium pentasulphide gave rise 
to a red coloration when it was treated with nitrobenzene, and 
Rule and Thomas (loc. cit.) have observed a similar phenomenon 
in the case of potassium pentasulphide. 

Attempts to determine the melting point of ammonium penta- 
sulphide were not very successful. When the substance is heated 
in an open tube, it decomposes and a residue of sulphur melting 
at 115° remains. A small quantity of yellow oil was noticed in 
the cool portions of the tube. Finally the substance was sealed 
up in a small, fairly thick-walled tube, which was then slowly 
heated in a sulphuric acid bath. At 95°, the substance melted 
without apparent decomposition to a dark red liquid. This tem- 
perature is, therefore, the approximate melting point of ammonium 
pentasulphide under pressure. 


Solubility of Sulphur in Alcoholic Solutions of Ammonium Hydro- 
sulphide. 


It has already been mentioned that ammonium hydrosulphide 
solutions will take up more sulphur than is required for the formation 
of the pentasulphide, and this is also true of both aqueous and alco- 
holic solutions of the sodium and potassium compounds, as Kiister 
and Heberlein (Z. anorg. Chem., 1905, 43, 53) and Rule and Thomas 
(loc. cit., p. 2819) have shown. The measurements of the last- 
mentioned authors prove that in the case of alcoholic sodium hydro- 
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sulphide solutions at 25° sulphur can be taken up to an extent 
represented by the formula Na,S¢.3g, whilst in the case of potassium 
the solubility at the same temperature is represented by the formula 
“46° 
— measurements were made with ammonium hydrosulphide 
at 25° and at 60°, the method followed being that described by 
Rule and Thomas (loc. cit.). The ammonium hydrosulphide was 
approximately normal, and when saturated with sulphur at the 
higher temperature it became almost black in colour. As soon as 
equilibrium was reached, 25 c.c. of the solution were withdrawn, made 
up to 1 litre with water, and aliquot parts of this solution taken 
for analysis, ammonia and total sulphur being estimated in the 
usual way. The results obtained are shown in the following table, 
which also contains results previously obtained in the cases of sodium 
and potassium. 
TaBLE I 


Substance. Cone. of soln. Temperature. Ratio metal: S. 
Normal 
0-25 Normal 
2Normal 


”? 


When the solution at 60° was cooled, long crystals of monoclinic 
sulphur were deposited together with crystals of ammonium penta- 
sulphide. The addition of water to these solutions resulted in 
the precipitation of much sulphur. It is clear that the solubility of 
sulphur in alcoholic solutions of the hydrosulphides is influenced 
but slightly by the temperature over the range 25° to 80°. Kiister 
and Heberlein (loc. cit.) made a similar observation in the case of 
aqueous solutions of sodium hydrosulphide. 

Unfortunately, the solutions used in the determinations quoted 
above were not all of the same strength, and consequently no com- 
parison can be made from this point of view between the different 
alkaii metals. Nor is it possible to make any definite statement 
regarding the influence of concentration of the hydrosulphide 
solutions on the sulphur solubility. The authors feel justified, 
however, in concluding that, in the case of reasonably dilute solu- 
tions at any rate, the ratio NH,:8 is not affected to any great 
extent by differences in concentration. 


Action of Heat on Ammonium Pentasulphide. Ammonium Di- 
sulphide. 
It has already been mentioned that when attempts were made 
to determine the melting point of the pentasulphide by heating 
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the substance in open capillary tubes, decomposition occurred and aq 
small quantity of yellow oil appeared in the cool portion of the tube, 

This decomposition was now investigated more closely. About 
10 grams of ammonium pentasulphide were sealed up in a wide 
glass tube bent into the shape of the tubes employed by Faraday 
in his experiments on the liquefaction of gases. The end of this 
tube containing the substance was immersed in a bath of boiling 
water for several hours, whilst the other end was surrounded by a 
freezing mixture. It was hoped that the pressure developed in the 
apparatus would prevent the further dissociation of any volatile 
products that might be formed in the course of the reaction. After 
a short time, a few drops of a yellow oil were observed in the cold 
portion of the tube; this gradually increased in quantity until 
about 2 c.c. had collected. When the experiment had been com. 
pleted, but before the tube was opened, this oil was found to have 
solidified to a mass of yellow crystals. The limb of the tube which 
had been heated contained a pale yellow residue. The tube was 
now opened, the increase in the internal pressure being found to 
be very slight, and the contents of both limbs were examined. 

The pale yellow residue, which was insoluble in water, but dis- 
solved completely in carbon disulphide, proved to be practically 
pure sulphur (Found: S = 99-43 per cent.). 

The yellow crystals dissolved readily in water, forming a clear 
yellow solution [Found : NH, = 35:86; (S) = 31-89; S = 65-10; 
NH, : (8): S = 2:0-98: 2-04. (NH,),S, requires NH, = 35-97; 
(S) = 32-02; S = 64:03 per cent.; NH,:(8):S =2:1:2). The 
substance is therefore ammonium disulphide, and it does not appear 
previously to have been described. Fritsche (loc. cit.) certainly 
investigated the action of heat on the pentasulphide, but he states 
that the products are ammonium monosulphide and _ sulphur. 
This result is probably to be explained by the fact that his experi- 
ments were carried out in open vessels. Bloxam (T., 1895, 67, 277), 
following a method described in Watt’s ‘‘ Dictionary of Chemistry,” 
attempted to prepare the disulphide by passing ammonium chloride 
and sulphur vapour through a hot tube, but without success. 
Indeed he drew the conclusion that it is extremely doubtful whether 
the substance exists. 

A further experiment was also made in which a known weight 
of pentasulphide was taken and the residue of sulphur obtained 
was carefully weighed; in this case, the tube was heated for four- 
teen hours (Found: residue = 48-65 per cent.). The decomposi- 
tion (NH,).S; —> (NH,).S, + 38 would require the residue to 
be 48-96 per cent. of the weight of the pentasulphide taken, and it 
thus appears that the decomposition is quantitative in character. 
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Ammonium disulphide is generally obtained as a yellow oil 
which crystallises on standing to a mass of lemon-yellow, needle- 
shaped crystals. It decomposes very readily, and it was not found 
possible to determine its melting point. When heated in a sealed 
tube, it becomes liquid at about 48°. The crystals are soluble in 
both water and alcohol, and the solutions formed are quite stable, 
provided contact with air is prevented. Only on prolonged boiling 
is sulphur deposited. Both the aqueous and the alcoholic solutions 
readily dissolve sulphur, and from the solutions thus obtained the 
pentasulphide separates. 

It was also noticed that when the pentasulphide was heated 
with carbon disulphide it slowly decomposed. In one experiment 
the substance was boiled with carbon disulphide under a reflux 
condenser, and a yellow oil was observed to collect in the condenser 
which gradually solidified to orange-yellow, needle-shaped crystals. 
These were dissolved out by means of water and the ratio NH,/(S) 
in the solution determined. The value found, 0-0307 : 0-0606, 
is that required for a substance having the formula (NH,),8,». 
The quantity of sulphur is higher than that required for the disul- 
phide, but taking into account the conditions under which the 
experiment was made, and especially the fact that the decomposition 
of the substance would result in loss of ammonia, whilst sulphur 
would accumulate, it is evident that the disulphide is formed when 
the pentasulphide decomposes under these conditions also. 

Several attempts were made to prepare pure ammonium disul- 
phide by modifications of this method. When the mixture of penta- 
sulphide and carbon disulphide was distilled, the disulphide volatil- 
ised with the solvent and floated as a yellow oil on the surface 
of the condensed liquid. On attempting to remove the carbon 
disulphide by distillation under reduced pressure, the oil completely 
decomposed. The carbon disulphide used was examined at the 
end of the experiment and was found to contain no thiocarbonate. 
When carbon disulphide was kept in contact with ammonium 
pentasulphide in the cold, no decomposition could be observed. 

Although alcoholic solutions of the pentasulphide can be heated 
at 60° without decomposition taking place, when they are heated 
above this temperature rapid decomposition occurs and sulphur 
is deposited. It was at first thought that this decomposition 
followed the same course as that just described in the case of carbon 
disulphide. 

To test this view, 5 grams of ammonium pentasulphide were 
heated at about 80° with 100 c.c. of dry alcohol, a stream of hydrogen 
being passed through the boiling liquid. Several experiments 
were made, and in each case the sulphur remaining after the penta- 
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sulphide had been completely decomposed was weighed. The 
amount of sulphur thus obtained varied, but it was always found 
to lie within the limits represented by the equations 


(NH,).S, a (NH,),S, + 38 (1) 
and (NH,),S, —> 2NH, + H,S + 48 (2) 


Results in accordance with equation (1) were obtained when 
the alcohol was boiled briskly and a rapid stream of hydrogen was 
passed through the liquid, thus carrying away the disulphide as 
fast as it was formed, whilst equation (2) represents the course of 
events when a slow stream of hydrogen was bubbled through the 
liquid and this, instead of boiling vigorously, was kept just at the 
boiling point. 

The bearing of this reaction on the constitution of the polysul. 
phides is of especial interest. In a previous paper of this series 
(T., 1917, 111, 1063), the views which have been put forward by 
various authors, notably by Spring and Demarteau (Bull. Su. 
chim., 1889, [iii], 1, 11) and by Kiister and Heberlein (Z. anor. 
Chem., 1905, 43, 72), concerning the constitution of the polysul- 
phides were discussed. In spite of the criticisms of Kiister and 
Heberlein, reasons were given for preferring the general formula 
R,S.8z suggested by Spring and Demarteau to the formula R,SS, 
advocated by them. 

The evidence then adduced pointed to the existence in the poly- 
sulphide molecule of two sulphur atoms in a different state of con- 
bination from the remainder, and in order to obviate the objections 
of Kiister and Heberlein it was suggested that the disulphides 
should be regarded as being derived from a form of hydrogen di- 
sulphide represented by the formula R-S*S-H. Higher polysul- 
phides are then formed by the addition of sulphur to the disul- 


— = etc. being thus 


phides, compounds of the type 


obtained. 

This view is entirely confirmed by the decomposition of ammonium 
pentasulphide into the disulphide and free sulphur. The reaction 
takes place at a low temperature and is quantitative in character. 
It proves beyond doubt that three sulphur atoms in the molecule 
are differently combined from the remainder. 

It would be interesting to make a complete comparison of the 
alkali metals from the point of view of the polysulphides to which 
they give rise. The investigation of the lithium compounds is, 
however, not yet complete, and no useful purpose would be served 
by anticipating the publication of this material. 
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Higher Polysulphides. 

Measurements of the solubility of sulphur in alcoholic solutions 
of the hydrosulphide indicate, as has been shown, that at 25° 
sulphur can be taken up to an extent represented by the formula 
(NH,).S¢-17- Attempts to obtain higher polysulphides from these 
solutions always resulted in the formation of mixtures of the penta- 
sulphide with sulphur. 

Mention has been made in an earlier section of the decomposition 
of ammonium pentasulphide in air, whereby the heptasulphide is 
believed to be produced. Further evidence of the existence of 
this compound was obtained in the following experiment, suggested 
by one made by Fritsche (loc. cit.). 

A solution of ammonium pentasulphide in alcohol was prepared 
in the usual way and to it powdered sulphur was added. The solu- 
tion was then kept in a tightly stoppered bottle for four months, 
At the end of this time the solid at the bottom of the bottle was 
observed to be red in colour and distinctly crystalline. These 
crystals were separated, washed, and analysed [Found: NH, = 
136; (S)=738; S= 85-24; NH,:(8):S =2:6-08: 7-04. 
(NH,),S, requires NH, = 13-82; (S) = 73-87; S = 86-18 per cent. ; 
NH,: (S):S = 2:6: 7]. 

When powdered, the substance yields a yellow powder which 
decomposes much more rapidly than the crystals when exposed 
to air. It dissolves partly in water, but the solution obtained 
isalways turbid. It was found impossible to determine its melting 
point. ‘This is the only polysulphide of ammonium other than the 
penta- and the di-sulphide which the authors have succeeded in 
obtaining, and the existence of this compound is interesting in 
view of the fact that no polysulphide of so high a sulphur content 
has been obtained in the case of any of the alkali metals. 


Conclusions. 


1, Ammonium pentasulphide has been prepared by the action 
of sulphur on solutions of ammonium hydrosulphide in dry alcohol. 
Lower polysulphides are not formed in this reaction, which is ana- 
logous to the cases of sodium and potassium where the tetrasul- 
phide and pentasulphide, respectively, are solely formed. 

2. All attempts to prepare the enneasulphide described by Bloxam 
have failed. 

3. Ammonium pentasulphide resembles sodium tetrasulphide 
and potassium pentasulphide in that its alcoholic solution dissolves 
sulphur at 25° to an extent represented by the formula (NH,),S,.17- 
All attempts to prepare a higher compound by crystallisation from 
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these solutions failed owing to decomposition. On the other hand, 
evidence has been found of the existence of higher polysulphides, 
and a heptasulphide has been isolated. 

4. Ammonium disulphide has been prepared by the action of § 
heat on the pentasulphide in a sealed tube. 


The authors wish to express their thanks to Professor E. C. (, 
Baly for providing facilities for carrying out this work and for 
kindly criticism during its progress. 
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CXCIV.—Hydrolysis of the Sulphoxide and the 
Sulphone of B8'-Dichlorodiethyl Sulphide. 


By Avsert Eric CasHMoRE. 


It has been suggested that the well-known vesicant action of 8’-di- 
chlorodiethyl sulphide may be due to the oxidation of the substance 
in the animal system with subsequent hydrolysis of the oxidation 
products. In order to gain some information relevant to this 
suggestion, the hydrolysis of the sulphoxide and the sulphone of 
88’-dichlorodiethyl sulphide has been examined in some detail. 
The products of the reaction between the above compounds and 
sodium hydroxide in ethyl-alcoholic and in aqueous solution have 
been isolated, purified, and examined physiologically. It may be 
stated here that of the hydrolysis products described in this paper 
not one possesses a vesicant action. 

Helfrich and Reid (J. Amer. Chem. Soc., 1920, 42, 1208) state that 
by treatment of an alcoholic solution of §8’-dichlorodiethy! 
sulphoxide or sulphone with an alcoholic solution of sodium 
hydroxide the corresponding dihydroxy-derivatives are produced. 
No analytical figures are given and apparently the products were 
not isolated in a pure state. We have not been able to confirm 
these experiments, as under these conditions the chief products of 
the reaction are the corresponding diethoxy-derivatives. 

The table opposite summarises the results obtained under various 
conditions. 

It is interesting to note here that @8’-dichlorodiethyl sulphide in 
presence of alcoholic sodium hydroxide gives divinyl sulphide and 
not @$’-diethoxydiethyl sulphide (Bales and Nickelson, T., 1922, 
121, 2137). 
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hand, Products isolated. 
hides, 6B’ -Dichlorodiethyl BB’-Dichlorodiethyl- 
Solvent. sulphoxide. sulphone. 
on of Be Per cent. £f’-Diethoxydiethyl BB’ -Diethoxydiethyl- 
0 ethyl alcohol. sulphoxide, sulphone, 
(EtO-CH,-CH,),SO. (EtO-CH,-CH,),SO,. 
Oil; soluble in ether. Oil; soluble in ether. 
Oe B. p. 177—179°/25 mm. B. p. 242—244°/20 mm. 
1 i. Water. Sulphoxide of 1 : 4-thioxan, Sulphone cH, 1 : 4-thioxan, 
CH,-CH ‘CH 
0<cH}-CH,> °°: O<CH CH, >S0:- 
Solid; m. p. 25°; b. p. Solid; m. p. 129°, 
POOL, 147°/15 mm. 
3. ] 50 Per cent. (a) 68’-Diethoxydiethyl (a) B8’-Diethoxydiethy]l- 
ethy! alcohol. sulphoxide. sulphone. 
(6) 88’-Dihydroxydiethyl (6) Unstable oil (not iso- 
sulphoxide, lated) which on treat- 
(HO-CH,-CH,),SO. ment with boiling 
Unstable oil which in the dilute alkali gives the 
the presence of boiling dilute sulphone of 1 : 4-thi- 
alkali gives the sulphoxide oxan. Insoluble in 
of 1 ; 4-thioxan. In- ether. 
soluble in ether. 
di The formation of thioxan derivatives on treatment of the 
sulphoxide or sulphone of 88’-dichlorodiethyl sulphide with aqueous 
nee 2 oe al . . - as 
wi sodium hydroxide is unexpected. There is no evidence that thiodi- 
his glycol or 8’-dichlorodiethyl sulphide gives 1 : 4-thioxan in similar 
of circumstances. 
i] Consideration of the three systems represented by the formule 
" d (A, B, and C) leads one to suggest that in the case of (B) and (C), 
ve the partial or total saturation of the quadrivalent or sexavalent 
" sulphur atom by the oxygen atoms would cause the angle between 
mn the valencies connecting the sulphur atoms to the two side chains to 
become smaller than it would be in the case of (A). Thus in the 
at case of (B) and (C) the removal of a molecule of water from the two 
vl hydroxyl groups would take place more readily than in the case of 
“ (A). This is really an application of the principles underlying 
1. Baeyer’s strain theory; the cases of ring formation so exhaustively 
‘ studied by Professor J. F. Thorpe and his collaborators are in some 


Ways analogous. ~ 


HO-CH,-CH, HO-CH,-CH, HO-CH,-CH,\ .20 
HO-CH,-CH, 2>S HO. -CH,-CH, 2>S—0 H0-CHeCH. <0 
(A.) ‘B.) “C.) 


It has been shown by Hilditch and Smiles (T., 1911, 99, 408, 973) 
that the orthosulphoxides of p-cresol and of p-chlorophenol are con- 
verted into the corresponding phenothioxin derivatives by the 
prolonged action of cold concentrated sulphuric acid : 
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The corresponding sulphides do not give the phenothioxin 
derivatives even in the presence of hot concentrated sulphuric acid, 
anhydrous zine chloride, or phosphoryl chloride. These results 
would seem to be in agreement with the above considerations. 

The sulphone of 1 : 4-thioxan has been isolated by Baumann and 
Walter (Ber., 1893, 26, 1124) as a by-product of the hydrolysis of 
hydroxyethylsulphone-sulphinic acid. The ring compound is an 
extremely stable solid and resembles 1: 4-thioxan, which Clarke 
(T., 1912, 101, 1795) has shown to be very unreactive in comparison 
with such compounds as | : 4-dioxan, 1 : 4-dithian, pentamethylene 
sulphide, etc. 

The sulphoxide of 1 : 4-thioxan has not at present been examined 
in any great detail; it is a hygroscopic solid of low melting point 
which is best purified by distillation under diminished pressure. 

It is intended to continue investigations into the formation of 
heterocyclic ring compounds by reactions similar to the above in 
the near future, and it is hoped that the experiments may be carried 
out on some approximately quantitative basis. 


EXPERIMENTAL. 


The $8’-dichlorodiethyl sulphoxide used in these experiments was 
supplied by the Chemical Warfare Department. After one recrys- 
tallisation from water it melted at 108—109°. The £§’-dichloro- 
diethylsulphone was obtained from the sulphoxide by oxidation 
with chromic acid (Helfrich and Reid, loc. cit.) and was recrystallised 
from 50 per cent. alcohol. The purified substance melted at 57°. 

Reaction between £8’-Dichlorodiethyl Sulphoxide and Sodium 
Hydroxide in 95 per cent. Ethyl-alcoholic Solution.—8@’-Dichloro- 
diethyl sulphoxide (20 grams), gradually added to a solution of 
sodium hydroxide (10 grams) in 95 per cent. ethyl alcohol (250 c.c.), 
dissolved with evolution of heat and precipitation of sodium chloride, 
the mother-liquor being coloured deep yellow. Having been 
maintained at the boiling point for sixteen hours, the mixture was 
cooled, filtered after neutralisation with alcoholic hydrogen chloride, 
and the main bulk of the ethyl alcohol removed by distillation. 
The residue consisted of a viscous, brown liquid which on being 
poured into a large excess of water separated as an oil. This was 
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extracted with ether, and the ethereal extract washed with dilute 
sodium carbonate solution and water and dried over anhydrous 
sodium sulphate. The ether was then removed and the residual 
oil purified by three. distillations under diminished pressure. The 
main fraction (14 grams) boiled at 177—179°/25 mm., and the 
analytical figures corresponded to those required for {8’-diethoxy- 
diethyl sulphoxide (Found: C= 4845; H=90; S = 16-46. 
(,H,,0,8 requires C = 48-45; H = 9-3; S = 16-48 per cent.). 

83’-Diethoxydiethyl sulphoxide is a pale yellow, viscous liquid, 
soluble in alcohol, ether, chloroform, and the usual organic solvents, 
but practically insoluble in water. It has an unpleasant odour 
somewhat resembling that of a mercaptan. 

Reaction between £8'-Dichlorodiethyl Sulphoxide and Sodvum 
Hydroxide in Aqueous Solution.—Heat was evolved and a brown 
solution obtained when £§’-dichlorodiethyl sulphoxide (20 grams 
was added to sodium hydroxide (12 grams) dissolved in water 
(120 c.c.). The solution was maintained at the boiling point 
for two hours, left over-night, and neutralised with glacial acetic 
acid, care being taken to avoid adding excess of acid. It was then 
concentrated, filtered, and shaken with chloroform, and the extract 
washed with dilute aqueous sodium carbonate and water and finally 
dried over anhydrous sodium sulphate. After removal of the chloro- 
form there remained a brown oil which would not solidify, but on 
distillation under diminished pressure a fraction was obtained 
(5 grams) which boiled at 147°/15 mm. and solidified in the receiver 
in long needles which melted at about 25°. These needles were 
found to be hygroscopic, and purification was best effected by 
distillation. The composition of the colourless solid agreed with 
the formula of the sulphoxide of 1 : 4-thioxan (Found: C = 39-7; 
H=64; S= 26-90. C,H,0.S requires C=400; H=67; 
S = 26-66 per cent.). 

This substance is soluble in alcohol, water, or chloroform and 
sparingly soluble in light petroleum, but does not crystallise well 
from any of these solvents. A further supply may be obtained by 
boiling the aqueous residues from the chloroform extract with 
sodium hydroxide for another three hours and thus converting some 
of the unstable dihydroxy-compound into the ring compound, 
which may then be extracted with chloroform and purified as before. 

Reaction between £'-Dichlorodiethyl Sulphoxide and Sodium 
Hydrowide in 50 per cent. Ethyl-alcoholic Solution.—®@’-Dichloro- 
diethyl sulphoxide (60 grams) was gradually added to a solution of 
sodium hydroxide (30 grams) in 50 per cent. ethyl alcohol (300 c.c.), 
a considerable amount of heat being evolved. The yellow solution 
was boiled for twelve hours, neutralised with hydrochloric acid, 
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the sodium chloride removed, and the filtrate concentrated by 
distillation under diminished pressure. The mixture was they 
filtered, extracted with ether, and the ethereal extract washed and 
dried as before. After removal of the ether there remained 4 
viscous, brown oil which was purified by two distillations under 
diminished pressure. A fraction boiling at 165°/15 mm. (15 grams) 
was obtained consisting of 88’ diethoxydiethyl sulphoxide (Found; 
C = 48-75; H = 9:3; S = 16-36 per cent.). 

The aqueous residues from the ether extraction were next 
examined. The ethyl alcohol and the water were removed as far 
as possible by evaporation on the water-bath and the inorganic 
matter was separated by filtration, a viscous, brown oil of unpleasant 
odour remaining. This was insoluble in ether or chloroform, but 
soluble in pyridine. It was extremely soluble in water or ethy! 
alcohol, and from these properties it was thought to be the di- 
hydroxy-compound. The oil, dissolved in pyridine, was dried as 
completely as possible with anhydrous sodium sulphate, and the 
pyridine removed by distillation under diminished pressure. The 
residue distilled between 180—230°/30 mm. with much charring. 
After two further distillations of this fraction, a sample was obtained 
which boiled with decomposition at 205—210°/20 mm. The 
analytical figures indicate that this substance is 68’-dihydroxydi- 
ethyl sulphoxide contaminated with a small amount of the sulphoxide 
of 1:4-thioxan (Found: C=+379; H=72; S= 2211. 
C,H,,0,8 requires C = 34-7; H = 7:2; S = 22-1 per cent.). 

88’-Dihydroxydiethyl sulphoxide is a dark yellow, viscous liquid, 
soluble in water or alcohol, but insoluble in the usual organic 
solvents. It resembles thiodiglycol in odour, but differs from it in 
not forming a benzoyl derivative either in pyridine solution or by 
the Schotten-Baumann reaction. 

When it is boiled with dilute sodium hydroxide solution for two 
hours, some of the ring compound is formed, which can be isolated 
by extraction with chloroform in the usual way. 

Reaction between 88'-Dichlorodiethylsulphone and Sodium Hydroxide 
in 95 per cent. Ethyl-alcoholic Solution.—Helfrich and Reid state 
that the main product of this reaction is an oil which boils at 140— 
165°/15 mm., and is soluble in ether; this is stated to be the di- 
hydroxy-derivative, but no analyses are given. 

68’-Dichlorodiethylsulphone (15 grams) was added to a solution 
of sodium hydroxide (6 grams) in 95 per cent. ethyl alcohol (100 c.c.). 
The procedure was similar to that employed for the reaction with 
the sulphoxide; after removal of the ether a brown oil remained 
which decomposed to some extent on distillation under diminished 
pressure. A fraction was finally obtained, b. p. 242—244°/20 mm., 
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consisting of  68’-diethoxydiethylsulphone (Found: C = 45-7; 
H=82; S=15-08. C,H,,0,S requires C= 45:8; H = 85; 
§ = 15-23 per cent.). 

99’-Diethoxydiethylsulphone is a pale yellow, viscous liquid, 
soluble in the usual organic solvents, but nearly insoluble in water. 
It boils at 242—244°/15 mm. and has an unpleasant odour recalling 
the corresponding sulphoxide. 

86’-Dimethoxydiethylsul phone.—8’ - Dichlorodiethylsulphone (20 
grams) is added cautiously to a well-cooled solution of sodium 
hydroxide (5 grams) in methyl alcohol (100 c.c.). The reaction is 
violent and is completed in a few minutes. The product is an oil 
which may be purified by distillation under diminished pressure ; it 
boils at 192°/25 mm. (Found: S = 17-74. C,H,,0,S requires 
§=17:59 per cent.). The substance has properties similar to 
those of the diethoxy-derivative. 

88’-Diisoamyloxydiethylsulphone.—This is prepared in exactly 
the same way by the action of 88’-dichlorodiethylsulphone on sodium 
amyloxide. The product after two distillations under diminished 
pressure is a pale yellow, viscous oil which has an odour characteristic 
both of the itsoamyl group and the sulphone residue. It boils with 
some decomposition at 222°/15 mm. (Found : S = 10-65. C,H 3 90,8 
requires S = 10-87 per cent.). 

Reaction between 88’-Dichlorodiethylsulphone and Sodium Hydr- 
ovide in Aqueous Solution.—The brown solution obtained when 
88’-dichlorodiethylsulphone (100 grams) was added to a solution of 
sodium hydroxide (42 grams) in water (600 c.c.) was maintained at 
the boiling point for six hours; it was then concentrated to about 
300 c.c. on the water-bath, filtered while hot, and allowed to cool. 
The long, colourless needles formed after some time were recrys- 
tallised from ethyl alcohol or water. The filtrate, again boiled and 
cooled, yielded another crop of crystals. Yield = 50 grams. 
These crystals are soluble in water, alcohol, chloroform, or acetone, 
_ but are nearly insoluble in ether; after recrystallisation, they 
melt at 129°. The substance corresponds in properties to the 
sulphone of 1 : 4-thioxan described by Baumann and Walter (loc. 
cit.), who give the melting point as 130° (Found: S = 23-38. 
Caic., S = 23-50 per cent.). The sulphone is an extremely stable 
solid which resists the action of dilute alkalis or acids and is not 
nitrated by the standard methods. It shows no basic properties 
and will not form additive compounds with such reagents as hydrogen 
chloride, platinic chloride, and picric acid. 

The alkaline liquor from which the sulphone had crystallised was 
neutralised with glacial acetic acid, concentrated by evaporation 
on the water-bath, and filtered. The residual brown oil was insoluble 
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in ether, chloroform, or benzene, but soluble in alcohol or water, 
This substance could not be isolated in a pure state and would not 
give a benzoyl derivative by the usual methods. The oil (2 grams) 
was added to a mixture of acetic anhydride (2 grams) and a drop of 
concentrated sulphuric acid; a very violent reaction took place and 
a solid was precipitated. The mixture was poured into water, 
neutralised, and extracted with chloroform; after removal of the 
solvent from the dried extract, a solid remained which crystallised 
from alcohol in long needles melting at 128°. These crystals ar 
evidently the same as those described in the above section and ar 
produced from the brown oil (impure 88’-dihydroxydiethylsulphone) 
by dehydration. 

Reaction between B8’-Dichlorodiethylsulphone and Sodium Hydrowvide 
in 50 per cent. Ethyl-alcoholic Solution. — Bp’-Dichlorodiethyl. 
sulphone (45 grams) was added to a solution of sodium hydroxide 
(20 grams) in 50 per cent. ethyl alcohol (250 c.c.). Heat was evolved 
and the reaction completed by keeping the mixture at the boiling 
point for three hours. It was then neutralised with glacial acetic 
acid, filtered, the filtrate concentrated, and extracted with ether; 
the ethereal fraction after the usual treatment yielded an oil boiling 
at 225—227°/13 mm. Analysis showed it to be the diethoxy- 
derivative (Found: S = 14-90 per cent.). 

The aqueous portion from the ethereal extraction was boiled with 
a dilute alkali solution for two hours and then extracted with 
chloroform; the chloroform extract was washed, dried, and con- 
centrated ; the pasty residue crystallised from alcohol in long needles 
of melting point 129°. The product is obviously the sulphone of 
1 : 4-thioxan described above. 

Action of Aqueous Sodium Hydroxide on Thiodiglycol.—Atter 
thiodiglycol had been boiled with dilute (10 per cent.) sodium 
hydroxide for some hours, the solution was concentrated, but no 
1 :4-thioxan could be isolated. The thiodiglycol was recovered 
and characterised through its benzoyl derivative, which after 
crystallisation from alcohol melted at 63:5° (Found: C = 65:30; 
H = 5-4. Calc., C = 65-45; H = 5:5 per cent.). 


The author is indebted to Dr. W. E. Dixon for the following note 
on the pharmacological properties of some of the derivatives 
described in this communication. — 

Of the compounds examined, @f’-diethoxydiethyl sulphoxide, 
68’-diethoxydiethylsulphone, and @@’-dimethoxydiethylsulphone are 
non-irritant and for all practical purposes produce no toxic effects in 
the animal body. £$’-Diisoamyloxydiethylsulphone is also non- 
vesicant, but produces a very definite effect on mammals in doses 
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of 100 mg. per kilo. It exerts a nicotine-like action in that it 
paralyses the whole autonomic nervous system, but it differs from 
nicotine in that there is no preliminary stimulation. Death is 
caused by paralysis of the respiratory centre. 

The sulphone of 1:4-thioxan has no physiological action of 
importance. One hundred to 200 milligrams are sufficient to excite 
the medulla to a mild extent in the dog and the cat : this is shown by 
a slight increase of blood-pressure due to vaso-constriction, and by 
increased expiration. 


The author wishes to express his thanks to Dr. H. McCombie for 
his most helpful suggestions and criticisms. 
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(XCV.—Intermittent Current Electrolysis. Part I. 
The Influence of Intermittent Current on Overvoltage. 


By SAMUEL GLASSTONE. 


Tue difference between the overvoltage values for a given metal 
obtained by the “ direct”? and the “commutator ”’ method has 
been ascribed by some authors (Newbery, T., 1914, 105, 2419; 1916, 
109, 1051; J. Amer. Chem. Soc., 1920, 42, 2007; Sand, Weeks, 
and Worrell, this vol., p. 456) to the “ transfer resistance” of a 
gas film situated at the surface of the electrode. The existence 
of such a resistance affecting the measured potential has been 
questioned by MacInnes (J. Amer. Chem. Soc., 1920, 42, 2233) 
and by Dunnill (T., 1921, 119, 1081), who attribute the low results 
obtained in the commutator method to the very rapid fall of 
potential that occurs when the polarising current is switched off; 
the recent work of Tartar and Keyes (J. Amer. Chem. Soc., 1922, 
44, 557) lends some support to this view. Since, however, in the 
commutator method for measuring overvoltage the polarising 
current only flows intermittently through the cell, two other factors 
are operative which tend to lower the potential of the electrode. 
First, overvoltage may be regarded, in general, as due to the 
accumulation at the electrode of a gas charge, which is diffusing 
away continuously, but is only being renewed when the polarising 
current is flowing. At the same current density, therefore, the 
maximum concentration of gas in the electrode will be lower for 
intermittent than for direct current; the overvoltage in the former 
case will thus correspond to a lower current than that indicated 
VOL, CXXIII. 30 
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onanammeter. Direct and commutator overvoltages are therefor 
not strictly comparable at the same apparent current density, 
Secondly, the intermittent polarising current will set up induce 
currents, which will act alternately in opposite directions, corr. 
sponding to the make and break of the main current; thus » 
oscillating discharge will be superimposed upon the polarising 
current. It is well known that alternating current or electric 
waves reduce the polarisation at an electrode from which gas js 
being evolved (Schlémilch, Elektrotechn. Z., 1903, 24, 959; Benne. 
witz, Z. physikal. Chem., 1910, 72, 216; Biirgin, Diss., Berlin, 
1911; Reitlinger, Z. Hlektrochem., 1914, 20, 261; Goodwin ani 
Knobel, Trans. Amer. Electrochem. Soc., 1920, 37, 617; Grube and 
Dulk, Z. Elektrochem., 1918, 24, 237; etc.), hence it appeared 
possible that the alternating induced currents were responsible for 
at least a part of the difference in overvoltage obtained by the 
direct and the commutator method. The object of this work was 
to determine the effect of a perfectly uni-directional intermittent 
polarising current on the overvoltage at various electrodes measured 
by the direct method; any diminution in potential from that 
obtained with a continuous current would then be due to the sum 
of the two effects mentioned above. 


EXPERIMENTAL. 


Apparatus.—The apparatus used for obtaining the intermittent 
current was a Tungar rectifier (British Thomson-Houston, No. 
195529), fitted with a G.E.C. bulb, No. 195528; this was supplied 
with alternating current of 60 amplitudes per second at 100 volts. 
In this way a perfectly uni-directional intermittent current was 
obtained without any danger of sparking during the interval 
when no current flowed. The arrangement was thus almost 
equivalent to a commutator giving 3600 breaks per minute, and 
was more trustworthy in working. The direct current terminals 
of the rectifier were connected in series with a 1000 ohm resistance 
coil rheostat, a moving-coil ammeter, a hot-wire ammeter, and the 
electrolytic cell. The last consisted of a small beaker containing 
about 30 c.c. of electrolyte (N-sulphuric acid or N-sodium hydroxide). 
The electrodes at which the overvoltage was determined consisted 
of small sheets of various metals which had been cleaned with 
No. 0 glass paper, and then completely waxed over with the excep- f 
tion of an area of 1 sq. cm.; the other electrode in the cell was 4 
thin piece of platinum wire, 5 mm. in length, sealed into a glass 
tube. The reference electrode was Hg|Hg,SO, N-H,SO, in the 
acid solution and Hg|/HgO N-NaOH in the alkaline electrolyte; 
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the jet of the tube connecting the cell with the reference electrode 
pressed tightly against the clean area of the test electrode. By 
the use of switches the electrode could be polarised with con- 
tinuous or intermittent current as desired, without any alteration 
of the apparatus. 

Method of Measurement.—The general procedure was to set up 
the electrolytic cell with a given metal as cathode and to apply a 
direct current of 0-15 amp. for ten minutes; then the potential 
at different current densities was measured at intervals of one 
minute by the Poggendorf compensation method with a capillary 
dectrometer. The direct current was then replaced immediately 
by an intermittent current, and the potentials were again 
measured with the current flowing. To make sure that no appre- 
tiable change had occurred in the electrode, the potentials were 
again determined with continuous current. The test electrode 
was then removed, cleaned with glass paper, and used as an anode 
in @ similar series of measurements. 

Results —The overvoltage values at room temperature (15°) for 
a number of metals are given below; the first column gives the 
current density in milliamps. per sq. cm.; the columns headed 
D.C. and I.C. give the overvoltages with direct and with inter- 
mittent current, respectively. In the columns headed N are 


given average values obtained from Newbery’s measurements 
(T., 1916, 109, 1051, 1066) by the commutator method. 


Cathodic Overvoltages in N-Sulphuric Acid. 
Bo. Lc. A, Do. LO. ac. Lc. &, 


Lead. 
1-05 
1-01 
0-98 


Tin. 
0-83 
0-76 
0-70 


Antimony. 
1:08 0-84 0-42 
0-93 0-74 0-44 
0-81 0-68 0-45 


Aluminium. 
107 0-82 0-47 
1:00 0-76 0-49 
0:82 0-71 0-50 


0-49 
0-39 
0-33 


0-59 
0-54 
0-45 


Amalgamated zinc. 


1-19 
1-11 
1-07 


Nickel. 
0-39 
0-33 
0-28 


Tron. 
0-46 
0°43 
0-39 


1-07 
1-05 
1-00 


Zinc 


Copper. 
1:14 0-89 0-35 
0-97 0-72 0-36 
0-76 0-62 0-38 


Cadmium. 
0-91 
0-88 
0-82 


Platinum. 
0-89 0-62 0-07 
0-79 0-58 0-07 
0-61 0-53 0-06 


Silver. 
101 0°67 
093 0°64 
077 061 

302 
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Cathodic Overvoltages in N-Sodium Hydroxide. 


Lead. Nickel. Copper. 
150 1:36 1:24 0-65 0-47 0:42 0-23 1:15 1:02 0-50 
50 1:16 1-08 0-65 0:44 0-40 0-23 1:04 0-93 05] 
10 0-90 0-88 0-62 0:37 0:36 0-22 0-91 O83 05] 
Tin. Tron. Cadmium. 
150 1:24 1:00 0-62 0:75 0-68 0-34 1:09 0-95 
50 1:08 0-97 0-62 0-65 0-60 0-34 1:00 0-90 
10 0:94 0-94 0-60 0:54 0-54 0-32 0-81 0-82 
Antimony. Amalgamated zinc. Platinum. 
150 0-98 0-83 0-65 1:26 1:26 1-07 0-80 0-66 0-25 
50 0-91 0-79 0-66 1-22 1-22 1-07 0-69 0-58 0-25 
10 0-82 0-76 0-65 1:12 1-12 0-98 0-54 0-42 (23 
Aluminium. Zine. Silver. 
150 =0-84 0:80 0-51 1:25 1:12 0-59 0-81 0-68 0-42 
50 0-66 0-53 0-51 1-21 1:09 0-59 0-74 0-63 0-42 
10 0-55 0-53 0-50 105 1-01 0-60 0-61 O-56 0-42 
Anodic Overvoltages in N-Sodium Hydroxide. 
Lead. Nickel. Tin. 
150 1:17 1:04 0-84 0-68 0-61 0-56 — — 1:3 
50 1:12 1:02 0-83 0-61 0-58 0-54 2:25 1°86 1-34 
10 1:03 0-98 0-69 0-52 0-51 0-51 1-61 1:47 1:35 
Tron. Cadmium. Platinum. 
150 1:04 0-76 0-51 1:14 0-85 162 1-15 0-81 
50 0-83 0-71 0-50 1:06 0-84 143 1:05 0-75 
10 0:68 0-62 0-49 1:02 0-82 1:00 0-87 0-62 
Zine. Silver. 
150 1-78 1:36 0-93 0-98 0-86 0-64 
50 1-42 1-10 0-85 0:92 0-78 0-60 
10 = —- —- 0:74 O71 0:36 
Anodic Overvoltages in N-Sulphuric Acid. 
Lead. Nickel (passive). Iron (passive). 
150 0-99 0-98 0-99 0-74 0-50 0-63 0-76 0-69 0-73 
50 0:96 0-95 0-95 0-66 0-47 — 0-72 0-67 0-74 
10 0:92 0-91 0-88 — — — 0-69 0-66 0-75 
Platinum. Silver. 
150 0-97 0-85 0-86 0:94 O-77 0-75 
50 0-93 0-85 0°86 0-87 0-74 O75 


10 0-39 0-84 0-85 — — — 


Discussion. 


The effect of the intermittent current is thus, in general, to 
reduce the potential of an electrode at which gas is being evolved. 
The potential is in one case as much as 0-5 volt, and is frequently 
from 0-2 to 0:3 volt, lower than that measured with continuous 
current. The higher the current density, the larger is this decrease, 
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and the result is that the potentials with intermittent current vary 
much less with variation in the polarising current than do those 
0.59 | with direct current. This would account for the remarkable 
0-51 [constancy of overvoltage as measured by the commutator method, 
51 § vith varying current density; overvoltages measured by the 
direct method usually agree with the formula ZH =a + blogC 
(Tafel, Z. physikal. Chem., 1905, 50, 668; Lewis and Jackson, 
ibid., 1906, 56, 193; Zerbes, Z. Hlektrochem., 1912, 18, 627), which 
may be deduced theoretically (see Foerster, ‘‘ Elektrochemie 
Wasseriger Lésungen,” 1922, p. 322). 
)-25 During the course of the experiments with intermittent current, 
23. Bit was observed that the hot-wire ammeter always gave a slightly 
higher reading than the moving-coil instrument; this would 
42 PB indicate that an appreciable induced current had been produced 
42 Bin the circuit. Since even small oscillatory discharges produce 
a diminution in overvoltage, it appears that a portion, at least, of 
the reduction in potential observed was due to the alternating 
induced current set up by the repeated make and break of the 
.33 intermittent current. The actual value of the induced current 
“34 BP will depend on the resistance and general arrangement (self- 
inductance) of the circuit; consequently the overvoltage values 
obtained by the commutator method may vary with the type of 
‘$1 Bapparatus used. This point is being further investigated. 
62 It may be suggested that the alternating induced current lowers 
the potential as a result of the reduction of transfer resistance at 
the electrodes. So far no work appears to have been done on the 
eflect of alternating current on overvoltage, measured by the 
commutator method, but the results of Grube and Dulk (loc. cit.) 
indicate that there is a real reduction in the potential, since evolution 
of oxygen may be made to take place at potentials lower than the 
. theoretically reversible potentials, by superposing alternating 
74 |current upon direct current. Obviously, the lowering of potential 
75 [produced in this way must be much greater than that which could 
be produced simply by the elimination of transfer resistance. 

From the fact that the cathodic overvoltage of amalgamated 
tinc in N-sodium hydroxide is apparently the same for continuous 
as for intermittent polarising current, but varies with the current 
density, it appears that in general the main difference of potential 
will be due to the alternating induced currents; the effect of these 
to fwill, of course, depend on the particular electrode being tested. 


tly Conclusion. 


ous f The difference between the overvoltage values for a given elec- 
se, Firode, measured by the direct and the commutator method, is 
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partly due to the lowering of potential caused by the alternating 
induced currents set up by the repeated make and break of the 
polarising current in the latter method. The magnitude of the 
effect depends on the particular electrode used, and is in gener 
greater at higher current densities; it may also be dependent on 
the type of apparatus used for measurement of the overvoltage, 
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CXCVI.—The Behaviour of Activated Sugar Carbon in 
Contact with Hydrogen Peroxide Solution. 


By James BrIeRLEY FirtH and Frep SHEAsBy WArsoyx, 


A REVIEW of the literature on hydrogen peroxide reveals the fact 
that this compound is an exceedingly sensitive reagent, being 
readily decomposed by a great variety of substances with liberation 
of oxygen. This being so, it was considered a suitable reagent 


with which to study the behaviour of sugar carbon of various ff 


degrees of activity. 
Filippi (Arch. Farm. sperim., 1907, 6, 363) showed that all powders 
decompose hydrogen peroxide, the velocity of decomposition being 


proportional to the exposed surface of the added powder and & 


independent of the concentration of the hydrogen peroxide. 


Lemoine (Compt. rend., 1916, 162, 725) found that charcoal from 
wood, from coco-nut, and from sugar is an efficient catalyst for the 
decomposition of hydrogen peroxide; the catalytic effect being 
apparently correlative with their sorptive power for gases. Clayton 
(Trans. Faraday Soc., 1916, 11, 164) showed that hydrogen peroxide 
does not volatilise appreciably from its aqueous solutions at 50— 
60°. The rate of decomposition is not affected by stirring. 

The object of the present investigation was to determine the 
influence on the decomposition of hydrogen peroxide of sugar 
carbon of different degrees of activity and also to determine the 
influence of temperature. 


EXPERIMENTAL. 


The sugar carbon used was as supplied by Merck and gave less 
than 0:1 per cent. of ash. In all the experiments it was very finely 
powdered. One gram of the carbon was carefully weighed out into 
a small flask; 25 c.c. of hydrogen peroxide were measured out into 
a flat-bottomed tube, and the tube was placed inside the flask. 
The flask was then connected to a gas burette and tilted quickly, 
thereby causing the hydrogen peroxide to come into contact with 
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the carbon at the required instant. Accumulation of gas in the 
liquid was prevented by vigorous agitation, and the flask and 
contents were maintained at the required temperature by immersion 
to a definite level in a constant temperature bath. 

In the following experiments the rate of evolution of oxygen 
was measured, and the reaction velocity coefficients are calculated 
from the equation for a unimolecular surface reaction, dx/dt = 
ka — x), to the Naperian base and the minute as the unit of time. 
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Time in minutes. 
One gram of carbon. —-—-—- 2°5 grams of carbon. 


In experiment II, the value of & is calculated after each interval, 
and it will be observed that the value is by no means constant, 
but continuously decreases, becoming ultimately very small. This 
feature was common to all experiments, hence in subsequent 
experiments only the initial and final values of & are recorded. 
The volumes of oxygen evolved are expressed in c.c. and are cor- 
rected to N.T.P. In the experiments hereafter described, only 
the volumes of oxygen evolved in the early stages of the reaction 
and the final volumes are recorded, the results being completely 
given graphically in the figure, in which the number at the end 
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of each curve corresponds to the number of the experiment. | 
all cases, a series of blank experiments was carried out, in which 
the only difference was the absence of the carbon. The volume 
of oxygen evolved in these experiments was exceedingly small, 
The experimental results here recorded are typical of a large 
number of experiments actually carried out, and in all cases the 
results were repeatedly confirmed. In experiments I to V, the 
temperature of reaction was 18°, and the average volume of oxygen 
evolved in a series of blank experiments at this temperature was 
0°3 c.c. in three hours. 

Twenty-five c.c. of the hydrogen peroxide solution used contained, 
in experiments I to III, 336°8 c.c., and in IV to VIII, 427°7 c.c. of 
available oxygen. 

Experiment I.—One gram of the original carbon, finely powdered 
and without previous activation, was used. In the first three 
minutes, 0°28 c.c. of oxygen was evolved, and after 250 minutes 
1°60 c.c. 

Experiment II.—The finely divided carbon was introduced into 
a quartz flask and heated in a vacuum for two hours at about 
600°, allowed to cool in a vacuum, and then | gram of the carbon 
rapidly weighed out. 


Time C.c. of Time _ C.c. of Time C.c. of 

(mins.). oxygen. kx 10%. (mins.). oxygen. kX10%. (mins.). oxygen. kx 10 

3 2-16 0-93 57 13-25 0-30 202 «21-81 _~—s 0-14 

6 3°38 0-73 79 15-42 0-26 391 22-65 0-08 

9 4-56 0-65 109 17-20 0-21 2862 24-53 0-01 
18 7:38 0-53 139 18-71 0-18 Available oxygen in resi- 
33 10-06 0-40 172 20-40 0-16 dual solution = 310-1 

c.c, 


Experiment III.—A quantity of carbon activated as in IT was 
treated with N/10-iodine solution in chloroform, in the proportion 
of 25 c.c. of the solution per gram of carbon, for twenty-four hours. 
The carbon was then filtered off, transferred to a porcelain dish, 
and gently heated until practically the whole of the iodine had 
been volatilised. The carbon was then shaken several times with 
an alcoholic solution of potassium hydroxide and boiled with 
distilled water, until, on filtering, the filtrate showed no opalescence 
with silver nitrate solution. The resulting carbon was finally 
heated in a vacuum in a quartz flask at about 600° for two hours, 
then allowed to cool in a vacuum to room temperature, and | gram 
of the carbon weighed out. (After this treatment the ash was 
still less than 0-1 per cent.) 

In the first three minutes, 8°84 ¢c.c. of oxygen were evolved, 
whilst after 591 and 1338 minutes the volumes were 77°46 c.¢. 
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and 78°87 c.c., respectively. The initial and the final value of 
i x 108 were 4°16 and 0°09, respectively. 

In all subsequent experiments, the carbon was activated as 
described in experiment ITI. 

Experiment IV.—The mass of carbon was 2°5 grams and the 
volume of the hydrogen peroxide solution 25 c.c. In the first 
three minutes, 27°54 c.c. of oxygen were evolved; after 1662 and 
1742 minutes, the total volumes of oxygen were 349°12 and 351°47 
cc., respectively. The initial and the final value of k x 10% were 
996 and 0°43: respectively. 

Experiment V.—The initial quantity of carbon was 1 gram. 
When the rate of evolution of the oxygen had become very slow, 
a further 0°5 gram of the carbon was rapidly introduced, and this 
operation was repeated until the total amount was 2°5 grams. 
During the first three minutes 10°81 c.c. of oxygen were evolved, 
the value of k x 108 being 3°70; after 247 minutes, the volume 
was 82°63 c.c. and k x 10? = 0°38. After the addition of 0°5 gram 
of the carbon, the oxygen evolved in the next three minutes was 
526 c.c., and k x 108 = 2:9, whilst after 240 minutes the addi- 
tional volume was 74°90 c.c. and k x 10% = 0:26. Subsequent 
additions of the carbon produced similar results. The final total 
volume of oxygen evolved was 343°96 c.c., and the final value of 
k x 108 was 0°34 after a total time of 2178 minutes. 

Experiment VI.—The temperature was 35°. 23°5 C.c. of oxygen 
were liberated by 1 gram of carbon in the first minute, whilst after 
425 minutes the total volume of oxygen evolved was 200°4 c.c. 
The initial and the final value of k x 10° were 24°5 and 0°64, 
respectively. 

Experiment VII.—The temperature was 50°. 30°08 C.c. of 
oxygen were liberated by 1 gram of carbon in the first minute and 
312°83 c.c. after 400 minutes. The initial and the final value of 
k x 10° were 31°6 and 1°43, respectively. 

Experiment VIII.—The temperature was 70°. 78°96 C.c. of 
oxygen were evolved in the first thirty seconds and 412°0 c.c. after 
100 minutes. The initial and the final value of k x 10° were 
1962 and 14°35, respectively. 

Blank experiments at 35° and 50° gave average values for 
liberated oxygen of 0°5 and 0°75 c.c., respectively, in three hours 


§ and at 70° 3-2 c.c. in two hours. 


Discussion of Results. 


Pure sugar carbon as supplied exerts only a very slight catalytic 
action on the decomposition of hydrogen peroxide, and carbon 
which has been heated at 600° in a vacuum is only moderately 

3 0* 
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active. Carbon which has been recovered after having sorbed 
iodine from chloroform solution shows considerable increase in 
activity. The rate of decomposition of the hydrogen peroxide 
does not give a constant when the equation for a unimolecular 
surface action is applied; the value of k gradually diminishes, 
becoming ultimately exceedingly small. The rate of decomposition 
will have become almost negligible after about ten hours. At the 
ordinary temperature, and with the reagents in the proportion 
1 gram of carbon per 25 c.c. of peroxide, only about 20 per cent, 
of the total available oxygen was evolved. It would appear, 
therefore, that the catalytic activity of the carbon is gradually 
and continuously decaying, that is, the catalytic action is accom. 
panied by a simultaneous poisoning action. This view is supported 
by experiment V, in which it was shown that further oxygen is 
liberated by the periodic addition of carbon. 

Experiments IV and V show that, within certain limits, the 
volume of oxygen liberated is proportional to the carbon added, 
and the result is practically the same whether the carbon be added 
in one or several successive portions, 0°5 gram of the carbon being 
equivalent to about 70 c.c. of oxygen for the given concentratior 
of peroxide solution. 

Experiments VI, VII, and VIII show that the activity of the 
carbon increases rapidly with rise of temperature. The activity 
is characterised throughout by a rapid initial phase followed by 
a much slower and gradual decline in activity. It is in this initial 
phase that the effect of temperature is most pronounced, the 
volumes of oxygen liberated during the first three minutes being 
10°8, 43°6, 56:2, and 180°5 c.c. at 18°, 35°, 50°, and 70°, respectively, 

At the ordinary temperature the reaction proceeds quite smoothiy 
when the mixture is sufficiently agitated, but at higher temperatures, 
particularly at 35° and 50°, there is a great tendency to develop 
periods of “lag,” during which the evolution of oxygen falls ofi 
and then increases again. This periodic evolution took place 
even from vigorously agitated mixtures and was not due to any 
accumulation of oxygen in the particles of the carbon, but rather 
indicated a periodic activity of the carbon. The periods showed no 
pronounced regularity; they invariably appeared, however, in 
several repeated experiments. The curves are not smoothed ii 
any way, but are drawn from the actual results, and curves V! 
and VII show the foregoing feature. 

It will be seen from the above results that the reaction differ 
substantially from the simple catalytic decomposition in which the 
value of & is constant and the decomposition of the peroxide 
practically complete. 
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Summary. 
(1) Ordinary pure sugar carbon gives rise to only a very slight 


‘H decomposition of hydrogen peroxide solution. 
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(2) Sugar carbon which has been heated at 600° in a vacuum for 
two hours shows appreciable activity towards hydrogen peroxide 
solution. 

(3) A considerable increase of activity is displayed by carbon 
which has previously sorbed iodine from solution, and from which 
the iodine has been subsequently completely removed. 

(4) The activity of the carbon gradually decays during the reaction. 

(5) Within the limits of the experiments, the decomposition of 
a given volume of hydrogen peroxide solution is proportional to 
the mass of carbon used. 

(6) The activity of the carbon increases rapidly with rise of 
temperature. 


UNIVERSITY COLLEGE, NoTTiInGHAM. [Received, February 3rd, 1923.] 


(XCVII.—The Formation of Derivatives of T'etrahydro- 
naphthalene from y-Phenyl Fatty Acids. Part III. 


The Influence of Substituents on Ring Closure. 


By AntHUR JoHN ATTWOOD, ARNOLD STEVENSON, and JOCELYN 
FIELD THORPE. 


Tae work which has been carried out in these laboratories during 
the past years has proved that the ease with which a second ring 
closes is largely influenced by the groups attached to the side chain 
or chains extending from the primary ring. Although most of this 
work has been carried out on fully saturated carbon ring systems, 
evidence has been brought forward to show that in the formation 
of derivatives of tetrahydronaphthalene from compounds having a 
benzene nucleus to which is attached a side chain of four carbon 
atoms, substitution in the B-position is apparently an important 
factor in bringing about the closing of the second or hydrogenated 
ting. Thus in the first part of this series (Kon and Stevenson, T., 
1921, 119, 88) it was shown that @-benzylglutaric acids of type I 
(R = Me or Et), which should have been obtained by the hydrolysis 


CH, CH, 
( +a \OR-CH,-CO,H _, ( )” OR-CH,-CO,H + H,0 


> I 
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of the corresponding Guareschi imides, could not be isolated, « 
they passed at once, in presence of the sulphuric acid used as , 
hydrolysing agent, into tetrahydronaphthalene derivatives of typ 
II, whilst in the second part it was also shown (T., 1922, 121, 171}) 
that $-benzylglutaric acid itself (R = H), when treated with 
sulphuric acid, readily undergoes a similar change. 

Now these three glutaric acids may be regarded as y-phenyl- 
butyric acids with the group -CH,°CO,H as a substituent in the 
8-position, and, to ascertain more definitely the influence on ring 
closure of substitution in this position, it was decided to compare 
the effects of other substituents, not only in the £-, but also in the 
a- and y-positions. It was considered that this could best be done 
by testing series of isomeric substituted y-phenylbutyric acids, 
each series having the same substituent introduced, if possible, 
successively in all three positions, and by ascertaining in which of 
these acids ring formation took place. 

To determine under such conditions the ease with which a ring 
closes, it is necessary to employ a method which is selective; in 
other words, the agent used must be sufficiently powerful to bring 
about the necessary change in certain cases, but not in othem. 
Experiment has shown that the action of concentrated sulphuric 
acid on substituted y-phenylbutyric acids at room temperature 
fulfils this condition. 

The formation of tetrahydronaphthalene derivatives of type Il 
can be readily proved, as they give semicarbazones and pass to 
phthalic acid on oxidation with potassium permanganate; on the 
other hand, proof that the ring has not closed may have to be 
indirect, for although in some cases the original substance is noi 
attacked by the sulphuric acid and can be recovered unchanged, in 
others action takes place and no definite compound can be isolated 
from the residue. In such circumstances, failure to obtain a semi- 
carbazone and phthalic acid on oxidation may be regarded as 
evidence that ring closure has not taken place. 

Now the simplest acid which by the loss of a molecule of water 
could pass into a tetrahydronaphthalene derivative is y-pheny!- 
butyric acid, and, as Kipping and Hill (T., 1899, 75, 144) found that 
the chloride of this acid in presence of aluminium chloride readily 
lost hydrogen chloride to form 1-ketotetrahydronaphthalene, it was 
thought that the acid itself when treated with sulphuric acid might 
give the same condensation product with loss of water. Although 
it has recently been shown by Krollpfeiffer and Schiifer (Ber., 1928, 
56, [B], 620) that condensation takes place at 100°, when the 
reaction was carried out at room temperature no tetrahydronaphth- 
alene derivative could be identified. 
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Several substituted y-phenylbutyric acids are mentioned in the 
literature under other names; thus benzylpyruvic acid (III) (Fittig 
and Petkow, Annalen, 1897, 299, 28) is the «-keto-, and $-benzoyl- 
propionic acid (IV) (Burcker, Ann. Chim. Phys., 1882, [v], 26, 435) 
the y-keto-substituted acid. We have succeeded in preparing ethyl 
3.keto-y-phenylbutyrate (V) by condensing ethyl phenylacetate 


(II.) Ph-CH,-CH,-CO-CO,H = Ph-CO-CH,*CH,*CO,H_ (IV.) 


CH, 
wate 
sell Le. 

2 
6O,Et 


and ethyl acetate by means of sodium, and this we employed for 
the sulphuric acid test, owing to the instability of 8-keto-acids. The 
series is thus complete, whilst, in addition, benzoylpyruvic acid 
(VIII) (Beyer and Claisen, Ber., 1887, 20, 2184) is an example of a 
diketo-acid. 


(VIL) Ph-CO-CH,*C(OH),,CO,H Ph-CO-CH,-CO-CO,H (VIIL) 


When treated with concentrated sulphuric acid, none of these 
gave tetrahydronaphthalene derivatives. Benzylpyruvic acid (IIT) 
was decomposed and £-benzoylpropionic acid (IV) remained un- 
changed, this being proved by the fact that the semicarbazone, 
which was obtained after treatment with sulphuric acid, was not the 
disemicarbazone which the tetrahydronaphthalene derivative would 
give, but a monosemicarbazone identical with that obtained from 
the original acid. Ethyl $-keto-y-phenylbutyrate was found to 
pass into the corresponding acid (VI),* which, although it was 
precipitated on pouring the mixed ester and sulphuric acid on to 
ice, was very unstable and readily decomposed on warming, or 
even on exposure to air, to form benzyl methyl ketone. 

Bromme and Claisen (Ber., 1888, 24, 1132) showed that benzoyl- 
pyruvic acid exists in a hydrated form, to which they assigned the 
formula (VII). On heating at 95—100°, water is given off, the 
dehydrated acid being represented by (VIII). Both modifications 
were treated with sulphuric acid; the dehydrated acid remained 
wichanged, whilst the hydrated form lost its water and passed into 
the dehydrated acid. 

The carboxyl group is a substituent which is known in all three 
Positions. prim-Phenethylmalonic acid (IX) (Fischer and Schmitz, 


* Beilstein gives a reference to Ber., 1888, 21, [2], 644—an abstract of a 
paper by Haller, Compt. rend., 1888, 107, 104, but neither abstract nor paper 
mentions the acid. 
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Ber., 1906, 39, 2211) may be regarded as «-carboxy-y-phenylbutyric 
acid, benzylsuccinic acid (XII) (Fittig and Réders, Annalen, 189, 
256, 87) as the §-carboxy-acid, and «-phenylglutaric acid (X) 
(Fichter and Merckens, Ber., 1901, 34, 4174) as the y-carboxy-acid, 
whilst, in addition, «-phenylpropane-ffy-tricarboxylic acid (XI) 
(Fittig and Réders, Annalen, 1890, 256, 92) furnishes an example of 
a y-phenylbutyric acid with two carboxyl groups in the £-position, 


(IX.) Ph-CH,-CH,-CH(CO,H), Ph-CH(CO,H)-CH,CH,-CO,H (\) 
CH, CH, 
CY ¢C0,F), 28% (Y/\C(CO-H), 


—> | 


\J\ 7b 
CO 
Heat | 
CH 


2 CH, 
diet (GH-CO,H 3 (” GH-CO;H 
ee VAY Hy 
CO,H CO 

Fichter and Merckens’s paper is the only reference to «-pheny!- 
glutaric acid, and although they indicate two methods for its 
preparation, they give no details, and we have unfortunately not 
succeeded in repeating their work, whilst attempts which we have 
made to prepare the acid on other lines have also failed. 

No tetrahydronaphthalene derivative could be obtained from 
prim-phenethylmalonic acid (IX), but when «-phenylpropane-f)- 
tricarboxylic acid (XI) and benzylsuccinic acid (XII) were treated 
with sulphuric acid the corresponding tetrahydronaphthalene 
derivatives (XIII and XIV) were readily formed, the latter also 
being obtained when the dicarboxy-derivative (XIII) was heated. 
That a second ring was formed is proved by the fact that the com- 
pound (XIV) on oxidation with potassium permanganate gave 
phthalic acid; it is, however, possible that these two condensation 
products, instead of being tetrahydronaphthalene derivatives, 
might be the hydrindone derivatives (XV and XVI). 


CH, CH, 
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Whilst we have been unable to obtain direct proof as to which 
way the condensation takes place, it seems more than probable that 
tetrahydronaphthalene derivatives are formed, because both con- 
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ON OF 
butyric densation products readily give semicarbazones, and whilst this is to 
2, 180) expected in the case of the compounds (XIII) and (XIV), the 


propinquity of the two carboxy] groups to the ketonic group in (XV) 
would render the formation of a semicarbazone extremely difficult 
if not impossible. 

Phenylacetylmalonic and $-benzoylisosuccinic (X VIT) (Kues and 
Paal, Ber., 1885, 18, 3324) are two substituted y-phenylbutyric acids, 
which are of interest, as they show clearly the different effects on 
ring closure of substitution in the $- and y-positions. Metzner 
(Annalen, 1897, 298, 374) found that ethyl phenylacetylmalonate 


Ph-CO-CH,*CH(CO,H), (XVIT.) 


sition, 
H (X) 


III.) 


CH, CH, 
(Yo /“\/Neo “\/\Non 
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(XVIIL) (XIX.) aame 


TY, 
(XVIII), when treated with sulphuric acid, passed through the tetra- 


hydronaphthalene derivative (XIX) into ethyl 1 : 3-dihydroxy- 
naphthalene-2-carboxylate (XX). Benzoylisosuccinic acid, on the 
other hand, under similar treatment was decomposed. 

By introducing hydroxyl and methyl groups in both «- and 
s-positions, two isomeric acids were obtained. «-Hydroxy- 
y-phenyl-«-methylbutyric acid (X XI) was prepared from benzyl- 

Ph-CH,°CH,*CMe(OH)-CO,H Ph-CH,*CMe(OH)-CH,°CO,Et 

(XX1.) (XXII.) 

acetone and hydrocyanic acid, although it was not found 
possible to isolate the intermediate cyanohydrin, and the yield 
of resulting acid was poor. From benzyl methyl ketone, ethyl 
$-hydroxy-y-phenyl-@-methylbutyrate (XXII) was prepared by 
Reformatski’s method, but on hydrolysis some secondary reaction 
apparently took place, for the yield of acid was small and it could 
only be obtained as an oil which could not be solidified. Neither 
of these acids gives tetrahydronaphthalene derivatives when treated 
with sulphuric acid. 

Of the fifteen y-phenylbutyric acids referred to above, six yield 
tetrahydronaphthalene derivatives on treatment with sulphuric 
acid at room temperature, namely, the three 6-benzylglutaric acids 
of type I, the carboxy-acids (XI) and (XII), and ethy] phenylacety]- 
malonate (XVIII). It will be noted that all six have substituents 
in the B-position, which points to the fact that substitution in this 
position is essential for bringing about the closing of the second ring. 
But substitution in the @-position alone is not enough, for this 
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condition is fulfilled by the @-keto-acid (VI) and the 8-hydroxy.s 
methyl acid (XXII) from which no tetrahydronaphthalene deriy. 
atives could be obtained. But it will be observed that in all cage 
where ring closure takes place there is in addition to a @-substituent 
a second carboxyl group, which group may form part of the 4 
substituent, as in the 8-benzylglutaric acids of type I and as in the 
acids (XI) and (XII), or it may occupy another position, as jn 
ethyl phenylacetylmalonate (XVIII). That the 8-substituent and 
the second carboxyl group appear both to be essential is clearly 
shown when the behaviour of the 6-keto- (VI), the «-carboxy- (IX), 
and the «-carboxy-$-keto- (XVIII) acids towards sulphuric acid js 
compared, for only the last forms a _ tetrahydronaphthalen 
derivative. 

The mechanism of the reaction may be as follows : 

(a) Sulphuric acid leads to the formation of the anhydride. 

(6) The anhydride adds on sulphuric acid. 


“ 


CO C-0-SO,H 
CH) 4p >0 + H,SO, —> (CH,).< . 
(CH,)z ere) +. =. (CH,)z CO,H 
(c) Ring formation occurs owing to the production of sulphuric 
acid from the Leal nuclear hydrogen atom. 


a \, “ 
\ Jat 
CO-SO_H 
This mechanism is in agreement with the fact that tetrahydro- 
naphthalene derivatives are formed only from those acids which are 
capable of giving anhydrides. Indeed, it has actually been found 
that benzylsuccinic anhydride gives, on treatment with sulphuric 
acid, a tetrahydronaphthalene derivative identical with that derived 
from the parent acid. 
The ester (XVIII) may react in a similar manner, because the 
second ester chi remains unchanged in the final product (XX): 


C 
Oe iY ¢ 
: i 
i AB CO, Et Gen 
éo- SO,H CO 


An alternative explanation, equally in agreement with the facts 
at present known, is that, under the catalytic influence of the 
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sulphuric acid, the nuclear hydrogen atom migrates to the carboxyl 
group of the anhydride or ester. This explanation brings the reac- 
tion described above into collation with a number of imino-reactions 
in which the nuclear hydrogen atom migrates to a cyano-group 
(Atkinson and Thorpe, T., 1896, 89, 1906; Thorpe, T., 1907, 91, 
1004). 
C C C 
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The apparent necessity for the intervention of an anhydride or 
ester is also explained, if it be assumed that the migration of the 
hydrogen atom to the free carboxy] group is inhibited by the dynamic 
structure of the latter. 

Substitution in the 8-position may also affect the angle between 
the carbon atoms in the chain and thus facilitate the closing of the 
second ring. 

It is hoped that further evidence bearing on the mechanism of 
these reactions will be obtained when the work now in progress on 
the formation of derivatives of hydrindone from $-phenylpropionic 
acids is completed. 


ExPERIMENTAL. 


y-Phenylbutyric Acid.—The acid was prepared by Kipping and 
Hill’s wmpaenipae (loc. cit.) of Jayne’s method. One gram was 
dissolved in 5 c.c. of concentrated sulphuric acid and left over-night. 
The mixture was poured on to ice and extracted with ether, the 
ethereal extract yielding a brown oil which solidified in a vacuum. 
A semicarbazone could not, however, be obtained from this solid, 

although Kipping and Hill found that it was formed readily from 
| the crude tetrahydronaphthalene derivative. The oxidation with 
potassium permanganate was carried out in acid solution, the 
method followed having been found to give a good yield of phthalic 
acid in cases where ring closure had taken place. A mixture of 2 
grams of y-phenylbutyric acid and 10 c.c. of concentrated sulphuric 
acid which had stood over-night was diluted and heated with a warm, 
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saturated solution of potassium permanganate (dilute sulphuric acid 
being added) until the pink colour persisted. After this had been 
destroyed with oxalic acid, the liquid was extracted with ether, but 
the ethereal extract did not yield any trace of phthalic acid. 

Benzylpyruvic Acid (II1).—Fittig and Petkow’s (loc. cit.) directions 
for preparing the acid were followed. It was violently attacked by 
sulphuric acid, forming a dark residue from which nothing could be 
obtained. 

B-Benzylpropionic Acid ([V).—The acid was prepared by Burcker’s 
method (loc. cit.) and by that of Fittig and Ginsberg (Annalen, 1898, 
299, 13). The semicarbazone was formed readily by mixing an 
alcoholic solution of the acid with semicarbazide acetate solution. 
Twice crystallised from alcohol, in which it is sparingly soluble, it 
separated as a mass of very fine needles, which shrank and darkened 
at 202° and melted and decomposed at 206° (Found: N = 17°89, 
C,,H,,;0,N, requires N = 17°86 per cent.). 

Five c.c. of concentrated sulphuric acid and 0°75 gram of the acid 
were mixed and left over-night. On pouring the mixture on. to ice, 
a precipitate formed, from which a semicarbazone was obtained 
readily. Analysis and the method of mixed melting points proved 
that this was identical withthe semicarbazone described above 
(Found : N = 18-01 per cent.). 

Ethyl 8-Keto-y-phenylbutyrate (V).—It was found advantageous 
to use an excess of ethyl acetate and sufficient sodium to convert 
this to ethyl acetoacetate. A mixture of 82 grams of ethyl phenyl- 
acetate and 132 grams of ethyl acetate was added to 300 c.c. of dry 
ether, in which were suspended 23 grams of fine sodium wire, and the 
whole was heated gently under reflux for four hours, when all the 
sodium had dissolved. Ice-cold water was added and then dilute 
sulphuric acid until the mixture was acid. The aqueous layer was 
separated off and shaken twice with ether, the ethereal solutions 
being added to the original ethereal layer. The ether was removed 
and the residue distilled under reduced pressure, yielding 41 grams 
of nearly pure ester, which on redistillation at 22 mm. boiled at 
156°. It is a colourless, slightly viscous liquid with an odour 
somewhat resembling that of cloves, and it gives a plum colour with 
ferric chloride (Found: C = 69°56; H= 7:01. Cy, .H,,0, requires 
C = 69°87; H = 6°84 per cent.). 

The corresponding acid (VI) was obtained as a precipitate when a 
mixture of 10 grams of the ester and 25 c.c. of sulphuric acid was 
left over-night and then poured on to ice. The precipitated acid 
was filtered off without delay, dried on porous earthenware, and 
crystallised from benzene and light petroleum, from which it 
separated in clusters of needles melting and decomposing at 94° 
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(Found: 7°90 c.c.;* C= 67:01; H= 5°90. CoH 0; (mono- 
basic) requires 7°45 c.c.: C = 67°38; H = 5°67 percent.]. The acid 
is very unstable; it can be preserved in a vacuum, but on warming, 
or even on exposure to air, it loses carbon dioxide and passes to 
benzyl methyl ketone, this being proved by the fact that the 
decomposition product gave a semicarbazone which was identical 
with that from benzyl methyl ketone. 

Benzoylpyruvic Acid (VII and VII1).—The acid was prepared by 
Beyer and Claisen’s method (loc. cit.), and the hydrated form (VII) 
so obtained behaved on titration as a dibasic acid [Found: 
1205 c.c.* Calc. (dibasic), 11°80 c.c.]. Two grams were dissolved 
in 10 c.c. of concentrated sulphuric acid and left over-night. On 
pouring the mixture on to ice, a precipitate was obtained, which, 
crystallised from benzene and dried at room temperature, proved 
to be the dehydrated form (VIII) [Found : 15°55 c.c.;* C = 62°32; 
H= 4:19. Calc. (dibasic), 15°75 c.c.; C = 62°46; H = 4:22 per 
cent. ]. 

That the dehydrated form remained unchanged when treated 
with sulphuric acid was shown by titration [Found: 12°75 c.c.* 
Cale. (dibasic), 12°40 c.c.] and by the melting point remaining the 
same. 
prim-Phenethylmalonic Acid (IX).—Fischer and Schmitz’s method 
(loc. cit.) was followed, w-chloroethylbenzene being used instead of 
the bromo-compound. On twice crystallising from benzene, it 
was found that the acid melted at 143° and not at 130—131° as 
previously stated [Found: 11°75 cc.;* C= 63°61; H = 613. 
Cale. (dibasic), 11°45 c.c.; C = 63°43; H = 5°82 per cent.]. 

One gram of acid was mixed with 5 c.c. of concentrated sulphuric 
acid and left over-night. The mixture was poured on to ice and 
extracted with ether, the ethereal extract yielding a brown residue 
from which no sémicarbazone could be obtained. Similar residues 
were oxidised with potassium permanganate both in acid solution 
as described above and in alkaline solution as detailed below, but 
in neither case could phthalic acid be detected in the ethereal 
extract. 

1-Ketotetrahydronaphthalene-3 : 3-dicarboxylic Acid (XIIT).—The 
acid was precipitated on pouring on to ice a mixture of 2 grams of 
benzylethanetricarboxylic acid (Fittig and Réders, loc. cit.) and 
10 ¢.c. of concentrated sulphuric acid which had been kept over- 
night. It is insoluble in benzene, but crystallises from water in 
fine needles which melt and decompose violently at 170° [Found : 
11°80 c.c.; * C = 6130; H= 4:50. C,,H,)0,; (dibasic) requires 
11°80 c.c.; © = 61°51; H = 5°31 per cent.]. The silver, lead, and 


* On titration with N/20-sodium hydroxide. 
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ferric salts form readily in the cold from the ammonium salt, and 
the barium and calcium salts on warming, but the copper and 
aluminium salts are soluble both in the cold and on warming. 

The semicarbazone was prepared readily from an alcoholic solution 
of the acid and semicarbazide acetate solution. It could not be 
crystallised from alcohol or ethyl acetate, and therefore the crude 
substance, which began to darken at 240° and decomposed at 250°, 
was analysed (Found : N = 14:07. C,3H,,0,N, requires N = 14°43 
per cent.). 

1-Ketotetrahydronaphthalene-3-carboxylic Acid (X VIII).—The crude 
acid was obtained on pouring on to ice a mixture of benzylsuccinic 
acid (Fittig and Réders, loc. cit.) (1 gram) and concentrated sulphuric 
acid (10 c.c.) which had been kept over-night. Twice crystallised 
from water, it separated as a flocculent precipitate melting at 149° 
[Found: 13°00 c.c.;* C = 69°55; H = 5°45. C,H, 90, (mono- 
basic) requires 12°85 c.c.; C = 69°43; H = 5°31 per cent.]. The 
salts of the heavy metals are precipitated readily in the cold from 
the ammonium salt, whilst the barium and calcium salts are soluble 
both in the cold and on heating. The acid can also be obtained by 
heating the dicarboxylic naphthalene derivative (XVI) above its 
melting point, and by treating benzylsuccinic anhydride with 
concentrated sulphuric acid, the identity of the three products being 
proved by their melting points. 

The semicarbazone was formed readily from an alcoholic solution 
of the acid and semicarbazide acetate solution. It is very sparingly 
soluble in alcohol, separating as a crystalline powder which begins 
to shrink at 255° and decomposes at 261° (Found: N = 17:04, 
C,,H,,0,N, requires N = 17:00 per cent.). 

The oxidation to phthalic acid was carried out by dissolving 
15 grams of the acid in sodium hydroxide solution, heating on the 
steam-bath, and adding a warm saturated solution of potassium 
permanganate until the colour persisted. After destroying the 
excess of permanganate with sulphurous acid, the solution was 
filtered and the filtrate acidified and extracted with ether, the ethereal 
extract yielding 0°7 gram of phthalic acid, which after crystallisation 
from water was identified by its giving fluorescein when heated with 
resorcinol, by the method of mixed melting points, and by titration 
[Found : 16°90 c.c. Calc. (dibasic), 16°95 c.c.]. 

Benzoylisosuccinic Acid (X VIT).—The acid was prepared by Kues 
and Paal’s method (loc. cit.), chloroacetophenone being used in 
place of bromoacetophenone. On dissolving 1 gram of the acid in 
5 c.c. of concentrated sulphuric acid, the solution became red. After 
being kept over-night, this was poured on to ice and extracted with 

* On titration with N/20-sodium hydroxide. 
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ether, the ethereal extract giving a dark residue which did not yield 
a semicarbazone. ‘The residue from 5 grams of acid was oxidised 
with potassium permanganate, but did not give any phthalic acid. 

o-Hydroxy-y-phenyl-«-methylbutyric Acid (XXI).—To an ice- 
cooled mixture of ether and benzylacetone, prepared by Harries and 
Eschenbach’s method (Ber., 1896, 29, 383), an excess of finely 
powdered potassium cyanide was added and then drop by drop 
with constant stirring the theoretical quantity of concentrated 
hydrochloric acid. The mixture was left in the ice-bath for half 
an hour, filtered, and the residual salts were washed with ether, 
which was added to the filtered solution, this being then washed 
with water, dried, and the ether removed. The residue would not 
solidify on keeping in a vacuum and was hydrolysed by heating 
under reflux for some hours with hydrochloric acid (50 per cent. by 
volume). The liquid thus obtained was extracted with ether, the 
ethereal solution being then treated with sodium carbonate solution. 
On adding hydrochloric acid, the acid was precipitated, but the 
yield was poor, being only about 10 per cent. of the theoretical. 
Crystallised from water, the acid separated in glistening plates of 
indefinite melting point, and on recrystallisation from benzene in 
silky needles, melting at 102° [Found: 8°50 c.c.;* C = 68°07; 
H = 7°38. C,,H,,03; (monobasic) requires 8°60 c.c.; C = 68°01; 
H = 7°26 per cent.]. The barium and calcium salts and the salts 
of the heavy metals are precipitated in the cold from the ammonium 
salt. 

The acetyl derivative was prepared by heating the acid with 
acetyl chloride under reflux for three hours. On evaporating off 
the excess of acetyl chloride and keeping in a vacuum for some days, 
the crude derivative solidified and this on crystallisation from light 
petroleum separated in minute prisms melting at 83° (Found : 
C= 6616; H= 689. C,,H,,0, requires C = 66:05; H = 6°86 
per cent.). 

When treated with concentrated sulphuric acid, the acid was 
violently attacked with evolution of gas, and extraction with ether 
only gave a trace of dark coloured residue. 

Ethyl 8-Hydroxy-y-phenyl-8-methylbutyrate (XXVI.).—Sixteen 
grams of zine fibre were gradually added to a mixture of 33°5 grams 
of benzyl methyl ketone, 27°5 c.c. of ethyl bromoacetate, and 125 c.c. 
of benzene, which was heated under reflux until the reaction started. 
The reaction products were diluted with water and acidified with 
sulphuric acid, the aqueous layer was separated off, and the residual 
layer dried and distilled under reduced pressure, when the ester was 
obtained as a colourless liquid boiling at 175°/23 mm., the yield 

* On titration with N/20-sodium hydroxide. 
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being 36 grams (Found : C = 70°10; H = 8:12. C,3H,,0s requires 
C = 70:23; H = 8°15 per cent.). 

After hydrolysis by means of alcoholic potassium hydroxide 
solution, a brown oil separated out when the aqueous solution was 
acidified. This was filtered off and the filtrate extracted with ether, 
the ethereal extract giving a poor yield of a stiff oil which would not 
solidify on keeping in a vacuum. Analysis showed that it was the 
crude acid [Found : 14:25 c.c.; * C = 67°45; H = 7°66. C,,H,,0, 
(monobasic) requires 14°30 c.c.; C = 68°01; H = 7:26 per cent,] 
Hydrolysis by means of the theoretical quantity of methy]-alcoholic 
sodium methoxide gave no better result. 

The crude acid was treated with concentrated sulphuric acid in 
the manner already described. The ethereal extract from the 
resulting product yielded a brown oil, from which a semicarbazone 
could not be obtained and from which on oxidation with potassium 
permanganate phthalic acid could not be isolated. 


We are indebted to the Chemical Society for a grant which has 
partly paid for the materials used in the investigation. 
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CXCVITI.—The Action of Halogens on Phenylhydr- 
azones. Part I. The Action of Bromine. 


By James Ernest Humpurizs, EpwarpD Bioom, and Roy Evays. 


THE addition of halogens to Schiff’s bases has been studied by 
James and Judd (T., 1914, 105, 1427). Part of their communication 
deals with the addition of bromine to a series of benzylideneanilines, 
from which coloured (yellow or orange), unstable, additive com- 
pounds were obtained. The additive compounds were dibromides 
of the Schiff’s bases, and were formulated as 


(I.) OgHyCH:NBryC,H, or QL) C,H yCH:NBr:C,H, <i. 


On hydrolysis (sodium ethoxide was chiefly used), the compounds 
decomposed giving the original aldehyde and either a para- 
brominated amine or (when the base was already substituted in 
the para-position) partly an ortho-brominated amine and _ partly 
the original amine. In either case, hydrogen bromide was elimin- 
ated, and titration by means of baryta of the additive compound 


* On titration with N/20-sodium hydroxide. 
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in alcoholic solution showed that rather more than one-half of the 
added bromine was set free in this form. 

The present communication deals with the addition of bromine 
under similar conditions, namely, in dry carbon tetrachloride at 
low temperatures, to a series of phenylhydrazones, which, as in 
the case of the Schiff’s bases, contain a double bond between 
carbon and nitrogen. Typical aldehydes and ketones have been 
employed—acetaldehyde, acetone, acetophenone, benzaldehyde, 
and benzophenone—which give a variety of aliphatic and aromatic 
groups attached to the carbonyl group. The same reaction was 
also applied to acetylphenylhydrazine. 

Under the conditions mentioned, bromine is readily substituted 
for hydrogen of the phenyl group attached to the nitrogen atom 
of the phenylhydrazone, the group RR’C:N-NH: having an ortho- 
para-directive influence. The general reaction is therefore as 
follows : 


RR‘C:N-NH-C,H, + Br, —> RR’C:N-NH-C,H,Br(p) + HBr (1) 


The nature of the final product, however, depends on the stability 
of the resulting phenylhydrazone towards hydrolysis by hydro- 
bromic acid; for example, acetaldehydephenylhydrazone yielded 
the hydrobromide of p-bromophenylhydrazine, whilst the bromin- 


ation of benzophenonephenylhydrazone followed almost completely 
the course shown in the above equation. Further bromination of 
the bromophenylhydrazones of benzaldehyde and benzophenone 
showed that only two atoms of bromine could be introduced into 
the ring; the second substitution occurring in the ortho-position. 
In the case of benzaldehyde, however, further substitution took 
place at the carbon atom of the original carbonyl group, but this 
occurred only when the ortho- and para-positions were already 
occupied. Thus with the 2:4-dibromo- and 2:4: 6-tribromo- 
phenylhydrazones of benzaldehyde the following reaction pro- 
ceeded quantitatively : 


C,H,-CH:N-NH-C,H;Br, (or C,H,Brs) + Br. —> 
C,H,;°CBr:N-NH-C,H;Br, (or C,H, Br3) 4+- HBr (2) 


When bromine was added to the solution of a phenylhydrazone 
in carbon tetrachloride, a coloured precipitate (yellow or red) 
appeared immediately, which was the hydrobromide of the bromin- 
ated phenylhydrazone; we have no evidence of the formation of 
an additive compound, of the type found by James and Judd, 
preceding substitution. The primary product did not liberate 
iodine from potassium iodide, and it could also be obtained by 
passing dry hydrogen bromide into a solution of the brominated 
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phenylhydrazone in carbon tetrachloride or benzene. Further, the 
fact that benzophenone-2 : 4-dibromophenylhydrazone did not form 
an additive product with bromine (which remained free in the solu. 
tion), but did form a hydrobromide with hydrogen bromide in 
solution in carbon tetrachloride proved that substitution, with 
liberation of the acid, was the course of the reaction. Similar 
behaviour was shown by benzophenone-2 : 4 : 6-tribromophenyl- 
hydrazone and the bromination products (equation 2) of the 
dibromo- and tribromo-phenylhydrazones of benzaldehyde. 

Meyer (Annalen, 1892, 272, 215), describing the preparation of 
3: 4-dibromophenylhydrazine by the addition of one molecule of 
bromine to one molecule of acetonephenylhydrazone in dry chloro. 
form at low temperature, states that the primary product is the 
hydrobromide of this hydrazine. It is shown in the experimental 
part of this paper that the primary product is the hydrobromide 
of acetone-p-bromophenylhydrazone, which decomposes _ giving 
p-bromophenylhydrazine having the melting point ascribed by 
Meyer to 3:4-dibromophenylhydrazine. We have prepared the 
latter compound by another method, and have shown that Meyer's 
reaction is not an exceptional one, but follows the normal course 
(equation 1). 

EXPERIMENTAL. 

The general procedure was to add gradually with stirring bromine 
(1 mol.), dissolved in carbon tetrachloride, to a solution of the 
phenylhydrazone (1 mol.) in the same solvent, both solutions being 
at — 5° to — 10°. In most cases the precipitate formed was 
tarry and could not be purified and analysed. In a few cases, 
however, dry powders were obtained, and analysis of these showed 
that they contained one molecule of bromine added to one molecule 
of the original phenylhydrazone. All the products were markedly 
unstable, particularly in the presence of moisture, when hydro- 
bromic acid was evolved and a tarry residue obtained which on 
purification yielded brominated phenylhydrazones or the hydro- 
bromides of brominated phenylhydrazines or a mixture of the 
two. It was found that the same decomposition occurred rapidly 
(acetonephenylhydrazone was an exception) when either the 
filtered unstable product, or its suspension in the carbon tetra- 
chloride in which bromination had been carried out, was treated 
with cold alcohol; and in this way the products were obtained 
clean and in fairly quantitative yield. Titration with baryta of 
the acid liberated from the coloured precipitates in aqueous-alcoholic 
solution showed that one-half of the added bromine was eliminated 
as hydrogen bromide. 

The constitution of the substituted phenylhydrazones has been 
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confirmed in all cases, after analysis, by preparation of the respec- 
tive compounds from the corresponding phenylhydrazines, the 
simple tests employed being the appearance, melting point, and 
the melting point of a mixture, of the phenylhydrazones under 
comparison. The hydrobromides of the substituted phenylhydr- 
alines, Which were in some cases obtained, often gave a bromine 
content differing somewhat from that required by theory. This 
was doubtless due to slight traces of other brominated phenyl- 
hydrazines which would be very difficult to remove. In all cases 
the corresponding phenylhydrazones of benzaldehyde or of benzo- 
phenone were prepared for confirmation. 


l 

ty It will be noted in the table that in two cases (benzaldehyde- 
the y Phenylhydrazone and acetylphenylhydrazine) the method of 
otal brominating in steps—one molecule of bromine to one molecule 


of hydrazone or hydrazine—was varied by adding two molecules 
of bromine to the original compound. The results were the same 
in both cases. 

Acetonephenylhydrazone.—The primary product, a pale yellow 
powder, was easily the most stable of this type of compound and 
could be purified by dissolving it in warm alcohol and adding ether, 
when glassy crystals were formed, melting at 155° (with decomposi- 
tin) (Found: Br = 52:5. C,H,,N,Br. requires Br=51°9 per 
cent. Br liberated as HBr in aqueous alcohol = 26°8 per cent.) 
The compound decomposed on being warmed with water, yielding 
pale yellow plates of acetone-p-bromophenylhydrazone and the 
p-bromophenylhydrazine hydrobromide, the latter being the main 
product. This reaction furnishes a clean, quantitative method of 
preparing p-bromophenylhydrazine. 

In connexion with Meyer’s description of this reaction (loc. cit.), 
3: 4-dibromophenylhydrazine was prepared by the following series 
of reactions, the figures denoting the yields in grams : 


r0- 
“a hae NO, NO, NH, NH:NH, 
se (’ Br, a (‘ ass a eos a — a 

| acetic acid B B 

ly | \/ ih” can” ae” dn 

he NH, NH, Br Br Br 

rae 28°6 20°2 12°9 

ed = 

- The free base crystallised from ligroin in white needles, m. p. 74° 
a (Found: Br = 60:25. C,H,N,Br, requires Br = 60°09 per cent.). 


Benzaldehyde-3 : 4-dibromophenylhydrazone forms pale - yellow 
needles melting at 127° (Found: Br= 45°31. C,H jN.Bry 
requires Br = 45°20 per cent.). 

Benzophenone-3 : 4-dibromophenylhydrazone crystallises in yellow 
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(#6-1¢)29-1¢ =1g o9FT (+: 2)*4q°H°O-HN-HN:O0"HO =f *MOTJAK *1gq + (d)ag’H°0-HN-HN:00°HO 


(91-69)86-89 =4¢ IgH“HN-HN+(%:2)*4q°H’O = -MOT]a.A *19%+°H’O-HN:HN:00°HO 
(s6-F6)62-F8=1G ao T9T (¢)1q"H*0-HN-HN’00-"HO ‘ 
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ON PHENYLHYDRAZONES. PART I, THE ACTION OF BROMINE. 1771 


needles melting at 157° (Found: Br = 37-08. C,,H,,N,Br, 
requires Br = 37°21 per cent.). 

Benzaldehyde-2 : 4-dibromophenylhydrazone.—Addition of alcohol 
to the yellow, granular precipitate in carbon tetrachloride caused 
immediate dissolution. When the solution was evaporated and 
alcohol added, white needles, m. p. 114°, quickly formed. This 
compound was also obtained as the main product of the addition of 
bromine (1 mol.) to benzaldehyde-p-bromophenylhydrazone (1 mol.). 

Analysis (see table) showed that one atom of bromine had 
entered the original 2: 4-dibromophenylhydrazone. Substitution 
had not occurred in either nucleus, because reduction with warm 
glacial acetic acid and zinc dust yielded 2 : 4-dibromoaniline, m. p. 
179°, and m-bromobenzaldehyde-2 : 4-dibromophenylhydrazone (another 
possible product) is a yellow compound melting indefinitely above 
150°. The possibility of intramolecular condensation (indazole form- 
ation) having occurred was precluded by the bromine content and by 
the fact that the yield of the compound was quantitative, calcu- 
lated for the entry of one atom of bromine into one molecule of the 
original hydrazone. These data, coupled with the fact that benzo- 
phenone-2 : 4-dibromophenylhydrazone gave no bromination pro- 
duct, and that boiling with 20 per cent. hydrochloric acid effected 
no change, indicate that the compound has the formula 
C,H;-CBr:N-NH-C,H,Br,(2 : 4). 

Benzaldehyde-2 : 4 : 6-tribromophenylhydrazone, m. p. 96°, gave 
a similar product, m. p. 113°, in quantitative yield. (The melting 
point of benzaldehyde-2 : 3 : 4 : 6-tetrabromophenylhydrazone is 
106°.) The primary product was fairly stable (Found: Br = 
721; Bras HBr = 17°35. C,,H,N,Br,,HBr requires Br = 67°45; 
Br as HBr = 13°49 per cent.). 

Acetophenonephenylhydrazone.—The products given in the table 
were obtained in approximately equal quantities. By bromination 
of the bromophenylhydrazones only very small quantities of not 
very markedly crystalline compounds were obtained and their 
investigation was not carried further. The primary products were 
very tarry and unstable. 

Benzophenonephenylhydrazone.—The scarlet precipitate dissolved 
immediately in cold alcohol, forming a yellow solution from which 
a bulky precipitate of benzophenone-p-bromophenylhydrazone 
(pale yellow needles) separated in a few minutes. 

Benzophenone-p-bromophenylhydrazone-—The red primary pro- 
duct was stable in dry air (Found: Br= 520. C,gH,,N.Brg 
requires Br = 46°9 per cent.). 

Benzophenone-2 : 4-dibromo- and -2 : 4 : 6-tribromophenylhydrazone. 
—No action with bromine. 


1772 HOWELL : THE CONSTITUTION OF THE HIGHER OXIDE OF NICKEL, 


Acetylphenylhydrazine.—The yellow primary product was stable 
in dry air (Found: Br = 47-9; Bras HBr = 245. C,H, ON,Br, 
rejuires Br = 50°19 per cent.). The low bromine content was 
probably due to the fact that the acetyl compound was brominated 
in suspension and was not completely attacked. 

The yellow compound dissolved readily in alcohol, forming 
red solution which gave no precipitate with ether. When boiled, 
the solution turned yellow, and ether then gave a precipitate of 
p-bromophenylhydrazine hydrobromide in 70 per cent. yield, 
Boiling evidently caused hydrolysis of the acetyl-p-bromophenyl.- 
hydrazine, formed from the unstable primary product by the 
hydrogen bromide liberated, for this acetyl compound could be 
obtained by treating the yellow compound with dilute sodium 
hydroxide solution. 

Acetyl-p-bromophenylhydrazine.—This substance was brominated 
in suspension in carbon tetrachloride. The acety]-2 : 4-dibromo. 
phenylhydrazine, obtained by the method employed above, was 
contaminated with the original acetyl compound. 


This investigation was suggested to one of us (J. E. H.) by 
Professor T. Campbell James, and we desire to make grateful 
acknowledgment. 
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CXCIX.—The Constitution of the Higher Oxide of 
Nickel. 


By Owen Ruys Howe t. 


DuRING an investigation (this vol., p. 669) of the action of alkalis 
and hypochlorites on solutions of nickel sulphate, it was found 
that the precipitate was very unstable and evolved oxygen even 
in suspension at the ordinary temperature. The original object 
of the present investigation was to examine the rate of decom- 
position of the precipitate. It was found, however, that the 
precipitate was not homogeneous, and that at the working tem- 
perature adopted (boiling point), one part (the peroxide) decom- 
posed very rapidly and the other (the sesquioxide) decomposed 
only slowly. By taking advantage of this fact, it was possible 
to determine the composition of the precipitate obtained under 
various conditions, and this forms the subject of the present 
communication. 
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EXPERIMENTAL. 


Materials —Nickel sulphate, free from iron and cobalt, was 
twice recrystallised from water. Sodium hydroxide was prepared 
by suspending metallic sodium in a cone of silver galze over a 
platinum dish in a moist atmosphere free from carbon dioxide ; 
the concentrated solution thus obtained was diluted with water 
free from carbon dioxide. Sodium hypochlorite was prepared by 
bubbling washed chlorine, prepared from potassium permanganate 
and concentrated hydrochloric acid, into aqueous sodium hydroxide 
(prepared as above) below 20°, a little free alkali being left to 
retard decomposition. These fie e 
two solutions were stored in 
bottles connected to burettes 
fitted with soda-lime tubes, 
so that any required volume 
could be taken with a mini- 
mum of exposure to air. The 
alkali and the hypochlorite 
were estimated as already 
described (this vol., p. 65). 
As in the previous investiga- 
tions (this vol., pp. 65, 669), 
the quantities of alkali and 
hypochlorite are expressed as 
equivalents per equivalent of 
metal; that is, the quantities 
forcomplete precipitation and 
for complete oxidation are 
taken as unity. The available 
oxygen in the precipitate, 
however, is expressed as 
equivalents of oxygen per atom 
of metal ; that is, the sesquioxide stage of oxidation is taken as unity. 
This method was adopted also in the previous investigations, where, 
however, it was stated somewhat ambiguously that the available 
oxygen was expressed as equivalents of oxygen per equivalent of 
metal, the term being used in a different sense.’ For the reason 
indicated above, the scale used for the available oxygen is in each 
case double that for the alkali and hypochlorite. 

Apparatus—The apparatus employed is shown in Fig. 1. A 
round-bottomed, wide-necked flask, F, of about 500 c.c. capacity 
was fitted with a rubber stopper through which passed (a) a water- 
cooled condenser, C, fitted with a soda-lime tube, L, (b) a tube, 7, 
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fixed tangentially, through which could be introduced either a 
glass tube, thermometer, or pipette provided with a piece of rubber 
tubing which formed a vapour-tight joint, (c) a stirrer made of 
glass rod working through a seal, S. Loss of lubricant at the high 
working temperature caused seizing when a glass bearing was used 
through the stopper; a metal bearing was therefore employed with 
water as the sealing liquid. There was no condensation of vapour 
from the flask above the bearing. 

Method of Experiment.—The air in the flask was freed from 
carbon dioxide by aspirating air by means of a water-pump through 
the glass tube 7' from a series of soda—lime towers connected to JL, 
Fifty c.c. of an M/8-solution of nickel sulphate and 150 c.c. of 
water were pipetted into the flask. With the stirrer running, 
50 c.c. of a solution containing the requisite amount of alkali and 
hypochlorite were introduced and 7' was then closed by means of 
a thermometer. The mixture was stirred at room temperature 
for twenty minutes to ensure completion of the reaction and it 
was then heated strongly by means of the ring burner f. The 
boiling point was reached in three and a half minutes and the 
flame was then lowered so as to keep the liquid boiling gently. 
Zero time was taken when the temperature reached 85°. Rapid 
stirring was maintained throughout the experiment. 

At intervals, 10 c.c. of the suspension were taken by means of 
a pipette, introduced through 7' and attached to a water-pump. 
The available oxygen was estimated by running the suspension 
direct into a mixture of 100 c.c. of water, 5 c.c. of concentrated 
hydrochloric acid, and 5 c.c. of 5 per cent. potassium iodide solution 
and titrating the liberated iodine against N /40-sodium thiosulphate. 
Due allowance was made for the expansion of the liquid from room 
temperature to boiling point. 

In those experiments with an excess of alkali the end-point of 
the titration was far from sharp owing to the formation of chlorate 
during the initial heating. Due allowance was made for this by 
titrating both the suspension and a filtered sample and taking the 
titre of each after standing for fifteen minutes. 


Precipitation with One Equivalent of Alkali. 


The results obtained by precipitating the nickel with one 
equivalent of alkali and varying amounts of hypochlorite are 
given in Table I (where a denotes the time of heating in hours) and 
are plotted in Fig. 2. 

All the curves are of the same type and consist essentially of two 
parts. The initial portion shows a very rapid fall in the oxygen 
content, which is attributed to the decomposition of the peroxide 


Equivalents of available oxygen. 
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TABLE I. 


Equivalents of hypochlorite. 

0-196 0-290 0-370 0-457 0-512 0-590 0-606 0-642 0-880 1-146 
a. Equivalents of available oxygen. 
0-0 0-392 0-580 0-740 0-914 1-024 1-180 1-212 1-284 (1-295) (1-295) 
0-25 0-131 0-300 0-444 0-537 0-675 0-697 0-744 0-762 0-764 
0:50 0-037 0-122 0-267 0-421 0-530 0-665 0-687 0-700 0-712 0-714 
0-75 0-031 0-112 0-262 0-419 0-525 0-656 0- — 0-700 0-700 
0-109 0-259 0-415 0-515 0-652 0- 0-687 0-694 — 
0-103 0-256 0-409 0-510 0-647 0-663 0-685 0-690 0-692 
0-100 0-250 0-406 0-507 0-644 0-657 0-681 0-685 — 
0-091 0-241 0-394 — 0-631 0- 0-669 0-675 -0-675 
0-081 0-231 — 0-487 0-625 0- 0-656 — 0-670 
0-069 0-225 0-375 0-475 0-612 0-650 0-652 0-654 
0-062 0-212 0-365 0-465 0-600 0-6 — 0-644 0-646 
0-050 0-205 0-357 0-456 0-594 0-628 0-631 ° — 
— 0-195 0-337 0-447 0-581 0-595 0-619 0-625 0-623 


a 
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Equivalents of available oxygen. 


Time of heating (hours). 
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present in the precipitate. Since in all cases the oxygen content 
declines to a value less than that corresponding to the sesquioxide, 
it follows that the peroxide decomposes directly to the hydroxide 
without the formation of the sesquioxide as an intermediate stage, 
The second portion is a straight line. These lines are all parallel, 
and must represent the slow decomposition of a more stable portion 
of the precipitate. It is assumed that this portion is the sesqui- 
oxide. The loss of oxygen is a linear function of the time, so that 
its decomposition is zero-molecular, probably because the rate is 
determined by the rate of escape of the oxygen from the surface of 
the particles. 

If these lines are produced back to zero time, the amount of 
oxygen originally present in the precipitate as sesquioxide is 
obtained, and thus the fraction of the nickel precipitated as sesqui- 
oxide is found. It is assumed that so long as there is any hydroxide 
remaining, the remainder of the oxygen available from the hypo- 
chlorite enters as peroxide. Although in these neutral solutions 
the existence of this compound may be transitory, it is known 
that with excess of alkali the whole of the oxygen supplied enters 
the precipitate quantitatively (this vol., p. 669). The amount of 
oxygen supplied by the hypochlorite is known and consequently 
the fraction of the nickel precipitated as peroxide is also deter. 
mined. The difference represents the fraction of the nickel 
remaining as unchanged hydroxide. 

The fraction of the nickel precipitated as peroxide, sesquioxide, 
and hydroxide is shown in Table II, and plotted in Fig. 3. 


TABLE II. 


Equi- ; 
Ps sel Equivalents of available oxygen. Fraction of nickel precipitated. 
of As ses- As per- Ashydr- As ses- As per- 
NaOCl. Total. quioxide. oxide. oxide. quioxide. oxide. 
0-196 0-392 0-028 0-364 0-790 0-028 0-182 
0-290 0-580 0-120 0-460 0-650 0-120 0-230 
0-370 0-740 0-269 0-471 0-505 0-269 0-236 
0-457 0-914 0-425 0-489 0-331 0-425 0-244 
0-512 1-024 0-525 0-499 0-226 0-525 0-249 
0-590 1-180 0-662 0-518 0-079 0-662 0-259 
0-606 1-212 0-678 0-534 0-055 0-678 0-267 
0-642 1-284 0-700 0-584 0-008 0-700 0-292 
0-880 (1-294) 0-706 (0-588) (nil) 0-706 (0-294) 
1-146 (1-294) 0-706 (0-588) (nil) 0-706 (0-294) 


It is evident from the figure that with increasing amounts of 
hypochlorite there is a sudden break in the curves at one-quarter 
of an equivalent of hypochlorite. Upto this point, the oxygen enters 
almost quantitatively as peroxide and thereafter as sesquioxide. 

It will be seen from the curve that, at half an equivalent of 
hypochlorite, exactly one-half of the nickel in the precipitate is 
present as sesquioxide, one-quarter as peroxide, and one-quarter 
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as hydroxide; at this stage, therefore, equal amounts of oxygen 
have entered as sesquioxide and peroxide. 

With more hypochlorite, the fraction of nickel precipitated as 
ssquioxide and peroxide continues in the same ratio, but there is 
fnally a brief but rapid increase in the peroxide fraction with a 
rresponding decrease in that of the sesquioxide. 

When the whole of the hydroxide has been oxidised, there is 
no change in the amounts of sesquioxide and peroxide with in- 
ceasing amount of hypochlorite. This shows definitely that the 
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Equivalents of sodium hypochlorite. 
Curve A shows the fraction of the nickel precipitated as hydroxide. 
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wo GO we » » - peroxide. 


sesquioxide is not oxidised to the peroxide. A limit is thus set to 
the oxygen content of the precipitate. The fraction of the nickel 
precipitated as sesquioxide with excess of hypochlorite is (approxi- 
mately) 0°7; consequently the fraction precipitated as peroxide 
cannot exceed 0°3, and the content of available oxygen in the 
Ptecipitate is limited to 1°3 equivalents of oxygen per atom of 
tickel (compare this vol., p. 669). The excess of hypochlorite is 
decomposed by the catalytic action of the peroxide. 


Precipitation with Excess of Alkali. 


In this series of experiments the precipitating solution contained 
4 constant amount of hypochlorite (0°587 equivalent) with varying 
amounts of alkali. 


The results obtained are given in Table III and are plotted in Fig. 4. 
YOL. CXXIII. 3P 
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Tasxe III. 


Equivalents of sodium hydroxide. 
1-1 1-25 1-5 1-75 
Equivalents of available oxygen. 
1-174 1-174 1-174 1174 1-174 
0-669 0-650 0-606 0-537 0-500 
0-662 0-625 0-575 0-506 0-469 
0-656 0-612 0-556 0-500 0-450 
0-650 0-606 0-550 0-487 0-437 
0-647 0-594 0-531 0-469 0-425 
0-644 0-581 0-519 — 0-394 
0-631 0-559 — 0-400 0-356 
0-619 0-531 0-450 0-362 — 
0-609 0-506 0-412 0-319 0-269 
0-600 0-481 0-384 0-281 0-237 
0-594 0-462 0-350 0-259 0-219 
0-581 0-437 0-331 0-250 - 
0-575 0-419 0-319 0-237 0-200 
0-562 0-409 0-312 0-231 0-194 
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It is evident that, as in the previous series, the curves show 4 
rapid initial loss of oxygen, which is attributed to the decol- 
position of the peroxide in the precipitate. The curve then becomes 
a straight line, and this is assumed to represent the decomposition 
of the sesquioxide. It is seen that the slope of the straight par! 
of the curve increases with increasing concentration of alkali. 
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This is attributed to a difference in the size or nature of the particles 
produced in the presence of excess of alkali, the effective surface 
being greater and the evolution of oxygen consequently more 
rapid. The curves flatten out (the sooner, the greater the con- 
centration of alkali) and become approximately parallel to that 
representing the decomposition in absence of alkali. This is 
attributed to the fact that diffusion of oxygen from the interior 
is too slow to meet the increased evolution at the surface and the 
rate of decomposition therefore decreases. 

The fraction of the nickel precipitated as sesquioxide and per- 
oxide in each case is readily found in the manner already described. 
The results are given in Table IV and plotted in Fig. 5, from which 


TABLE IV. 


Equi- Equivalents of available Fraction of the nickel 
valents oxygen. precipitated. 
of As ses- As per- Ashydr- _ As ses- As per- 
NaOCl. Total. quioxide. oxide. oxide. quioxide. oxide. 
1-174 0-662 0-512 0-082 0-662 0-256 
0-628 0-546 0-099 0-628 0-273 
0-587 0-587 0-1195 0-587 0-2935 
0-531 0-643 0-1475 0-531 0-3215 
0-490 0-684 0-176 0-482 0-342 
0-457 0-717 0-1845 0-457 0:3585 
0-427 0-747 0-1965 0-430 0-3735 
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it is evident that there is a continuous decrease in the fraction of 
the nickel precipitated as sesquioxide, and a corresponding increase 


in that as peroxide with increasing amount of alkali. 


On plotting the logarithm of the fraction of the nickel precipitated 
as sesquioxide (Fyo,) against the logarithm of the equivalents 
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of alkali used (Hy.ox), a straight line is obtained. 
in Fig. 6A. The equation to the line is 


+ 


2°25 


This is shown 


Logio F gio, = — 0°5383 logio Exyaon — 0°1791, 


and the agreement between the observed and the calculated values 
is seen in Table V. ‘The decrease in the sesquioxide fraction with 


increasing alkali concentration therefore follows the Freundlich 
isotherm. 
TABLE V. 
Equivalents Log. of sesquioxide fraction. 
of NaOH. Log. Eyaon- Obs. Cale. Diff. 

1-0 0-0000 1-8209 1-8209 + 
1-1 0-0414 1-7980 1-7986 — 0-0006 
1-25 0-0969 1-7686 1-7688 — 0-0002 
1-50 0-1761 1-7251 1-7261 — 0-0010 
1-75 0-2430 1-6902 1-6901 + 0-0001 
2-0 0-3010 1-6599 1-6589 + 0-0010 
2-25 0-3522 1-6304 1-6313 — 0-0009 
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On pletting the logarithm of the fraction of the nickel precipitated 
as peroxide (Fyio,) against the equivalents of alkali used, the 
curve shown in Fig. 6B is obtained. If, however, the logarithm 
of the ratio of these two factors be plotted as a function of the 
alkali, a straight line (Fig. 6C) will be obtained. The equation to 
the line is 


= — 0°1575 Exaon sie 0°4325, 


and the agreement between the observed and the calculated values is 
seen in Table VI. 
TaBLE VI. 


Log. of Log. Pxios . 
Equivalents peroxide Exaou 
of NaOH. aa Exon. fraction. Obs. Cale. Diff. 
1-4082 ° 1-4100 — 0-0018 
1-4362 13943 + 0-0005 
1-4676 13706 + 0-0001 
1-5072 13312 —0-0001 
1-5340 12919 — 0-0009 
1-5545 [. 1-2525 + 0-0010 
1-5723 ° 1-2131 + 0-0070 
It therefore appears that the function of the alkali is to stabilise 
the peroxide (compare this vol., p. 669). The fraction of the 
nickel precipitated as peroxide increases with increasing alkali in 


proportion to the amount adsorbed. 


Discussion of Results. 


It has been shown that nickel peroxide decomposes directly 
to the hydroxide, the sesquioxide not being produced as an inter- 
mediate stage. This is brought out strikingly in the first experi- 
ment detailed in Table I, where the black precipitate, containing 
peroxide and only a little sesquioxide, was completely decomposed 
after boiling for three hours, leaving a pure apple-green suspension 
of the hydroxide. 

It has also been shown that the hydroxide is oxidised simul- 
taneously to the sesquioxide and to the peroxide and that the 
sesquioxide is not an intermediate stage in the formation of the 
peroxide. 

These facts offer a ready explanation for the decay in activity 
of an oxygen-carrying catalyst whose efficacy depends on the 
formation and reduction of a higher oxide. The higher oxide in yield- 
ing its available oxygen decomposes directly to a lower oxide, which 
is then reoxidised, not wholly to the higher oxide, but partly to 
an intermediate oxide which is ineffective in the catalysis. Since 
this intermediate oxide can neither be oxidised to the higher oxide, 
hor readily reduced to the lower oxide, the activity of the catalyst 
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falls. Thus during an investigation of the decomposition of sodium 
hypochlorite by cobalt peroxide (Proc. Roy. Soc., 1923, [A], 103, 
in the press) it was found that the activity fell progressively with 
continued use. It was shown that the mechanism of the reaction 
consisted in the alternate reduction and oxidation of the catalyst 
thus : 

CoO, + NaOCl —> CoO + NaCl + O,. 

CoO + NaOCl —> CoO, + NaCl. 


It is now evident that the decay in activity can be accounted for 
by the fact that the oxidation of the monoxide does not regenerate 
the peroxide quantitatively, since part is oxidised to the sesquioxide, 
which is inactive in causing decomposition. 

When a solution of nickel is precipitated with one equivalent 
of alkali and increasing amounts of hypochlorite, the oxygen 
supplied by the latter first enters almost quantitatively as peroxide 
and then as sesquioxide. The change in the distribution occurs 
at one-quarter of an equivalent of hypochlorite. This may be 
explained by the formation of a complex the subsequent oxidation 
of which proceeds in a different manner : 


4NiO —> NiO,,3NiO —> NiO,,NiO + Ni,O, —> «NiO, + yNi,0, 


The fact is also explained that with half an equivalent of hypo- 
chlorite, exactly half the nickel is precipitated as sesquioxide, a 
quarter as peroxide, and a quarter as hydroxide. Further, that 
complete oxidation yields a mixture of the sesquioxide and the 
peroxide, and that with an excess of hypochlorite there is no 
increase in the amount of peroxide produced. 

With increasing amount of alkali for precipitation, the fraction 
of nickel precipitated as peroxide is increased in proportion to the 
amount of alkali adsorbed. It has been found (Proc. Roy. Soc., 
loc. cit.) that the rate of decomposition of sodium hypochlorite by 
cobalt peroxide is retarded by alkali in proportion to the amount 
of alkali adsorbed, and this was attributed to adsorption of the 
alkali on the positive and the negative oxygen linkings of the 
peroxide to yield an inactive molecule. It is suggested that the 
stabilising effect of alkali on nickel peroxide may be attributed toa 
similar combination. 


Summary. 


(1) Nickel peroxide decomposes directly to the hydroxide; the 
sesquioxide is not produced as an intermediate stage. 

(2) By following the rate of decomposition of the precipitate 
obtained by the action of alkali and hypochlorite on nickel sulphate 
solution, the fraction of the nickel precipitated as the sesquioxide 
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and as the peroxide under different conditions has been deter- 


sodium § 

, 103, J mined. 

y with (3) The hydroxide is oxidised to the sesquioxide and to the 
action roxide simultaneously. In general, therefore, the precipitate 


consists of hydroxide, sesquioxide, and peroxide, but with sufficient 
hypochlorite the whole of the hydroxide may be oxidised to the 
other two oxides. 

(4) The sesquioxide is not oxidised to the peroxide. A limit 
is therefore set to the oxygen content of the precipitate. 

(5) With just sufficient alkali for precipitation, the oxygen 
supplied by the hypochlorite first enters almost wholly as peroxide 
and then as sesquioxide. This is attributed to the formation and 
subsequent oxidation of a complex. 


valent (6) With increasing amount of alkali for precipitation, the 
Xy8e B fraction of nickel precipitated as peroxide increases and is pro- 
roxide ff portional to the adsorption of the alkali. This is attributed to the 
a stabilising effect of the alkali by adsorption. 
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CC.—The Isomerism of the Oximes. Part XII. 
Hydrochlorides. 


ction 

o the By Oscar Liste Brapy and FREDERICK Percy Dunn. 
7" In a previous communication (T., 1916, 109, 650), we gave some 
be : account of the hydrochlorides of the aromatic aldoximes. In view 
.0un 


of the importance of these as intermediate compounds in isomeric 
change, but little attention has been paid to them and in 1914 
a detailed study was started. Circumstances, however, interfered 
with the work and but a brief account of what were little more 
than preliminary experiments was published. Further investiga- 
tions have now been made, the results of which have caused us to 
modify some of our previously expressed views (loc. cit.). 

Luxmoore (T., 1896, 69, 183) pointed out that when a solution 
of benzantialdoxime in ether at 0° was treated with hydrogen 
chloride, a hydrochloride was precipitated (m. p. 105°) which on 
decomposition with dilute aqueous ammonia at 0° regenerated the 
original anti-oxime. When, however, no cooling was employed, 


1784 BRADY AND DUNN: THE ISOMERISM OF THE OXIMES. 


the ethereal solution became warm and a hydrochloride was pre. 
cipitated which melted, when rapidly heated, at 66—67° and on 
decomposition with aqueous ammonia gave benzsynaldoxime, 
Luxmoore also states that the second hydrochloride is obtained 
by the action of hydrogen chloride on benzsynaldoxime in ether 
or by crystallising the anti-oxime-generating hydrochloride from 
chloroform. We (loc. cit.), however, found that, when benzsyn. 
aldoxime was treated with liquid hydrogen chloride, a hydrochloride 
melting at 103° was obtained which on decomposition with sodium 
carbonate solution gave benzsynaldoxime. It was thought, there. 
fore, that there were three distinct hydrochlorides of benzaldoxime. 
At the same time, some evidence was obtained of an anti-oxime. 
generating hydrochloride from p-nitrobenzaldoxime. 

Hantzsch (Ber., 1893, 26, 930) claimed to have obtained two 
hydrochlorides of p-methoxybenzaldoxime (anisaldoxime) and of 
p-isopropylbenzaldoxime (cuminaldoxime), but he gives scanty 
experimental details and his results as regards p-methoxybenzald. 
oxime were contradicted by Carveth (J. Physical Chem., 1899, 3, 
437). The latter states that he obtained only the syn-oxime- 
generating hydrochloride when hydrogen chloride was passed into 
a solution of the oxime in ether, benzene, or alcohol at temperatures 
ranging from —20° to 60°. The fact that benzaldoxime was the 
only compound of this class in which there was uncontested evidence 
that more than one hydrochloride could be obtained was notable 
and further investigation seemed necessary. 

Hereafter, a hydrochloride which gives anti-oxime on decomposi- 
tion will be termed an «-hydrochloride and one which gives a syn- 
oxime a ®-hydrochloride. As the constitution of the hydrochlorides 
is uncertain, the use of the prefixes anti and syn with reference to 
them is undesirable. 

In connexion with other work, 3 : 4-methylenedioxybenzsyr- 
aldoxime was required and several attempts were made to prepare 
this compound (which had previously been described) by the usual 
methods, but invariably without success, the product of the decom- 
position of the hydrochloride being the unchanged anti-oxime. 
It seemed that, in this case, an unusually stable «-hydrochloride 
had been obtained. Since, in the case of the hydrochlorides of 
benzaldoxime, rise in temperature favoured the production of the 
8-hydrochloride, the effect of heating the hydrochloride and of 
passing the hydrogen chloride into a hot solution of the anti-oxime 
was investigated, when it was found that in these circumstances a 
8-hydrochloride was obtained. 

A number of other oximes were investigated and it was found, 
in confirmation of the work of Hantzsch, that p-methoxybenz- 


aldo? 
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vas pre. aldoxime also gave an a-hydrochloride when an ethereal solution 
and on of the anti-oxime was treated with hydrogen chloride at —14° and 
loxime, f's 6-hydrochloride when a hot chloroform solution was similarly 
btained § treated.. The action of dry hydrogen chloride on solutions of 
n ether pmethoxy- and 3:4-methylenedioxy-benzsynaldoximes in dry 
le from § ether was found to give a hydrochloride of the same melting point 
enzsyn. @ and general properties as that from the anti-oximes in hot solvents. 
hloride § Moreover, it was found in these cases and others to be mentioned 
sodium @ later that the «- and 6-hydrochlorides of any one oxime melted and 
there. § decomposed at approximately the same temperature and did not 
oxime, § depress each other’s melting point on mixing. No evidence was 
oxime. § obtained of the existence of a third hydrochloride. 

Benzaldoxime, in giving three hydrochlorides, appeared to be 
d two # abnormal and worth further investigation, especially as it was 
ind of # found that the hydrochloride obtained by passing dry hydrogen 
scanty @ chloride into an ethereal solution of benzantialdoxime had a very 
nzald- @ iregular melting point, and frequently did not melt completely 
99, 3, # until a much higher temperature was reached than that given 
xime- H as the melting point by Luxmoore, namely, 66—67°. It was 
1 into # remarkable that Petraczek (Ber., 1883, 16, 826), who first described 
atures # the hydrochloride of benzaldoxime obtained under these conditions, 
is the # gave an analysis but no melting or decomposition point, as also 
dence § did Beckmann (Ber., 1889, 22, 432), whilst Luxmoore gave a melting 
table # point but no analysis. 

A method of preparation of benzsynaldoxime is described by 
iposi- # Dunstan and Thole (P., 1911, 27, 233) in which the anéi-oxime is 
, sym- @ ground with concentrated hydrochloric acid, and the mixture 
rides § saturated with hydrogen chloride; after a time, a clear solution 
ce to § will be obtained which on pouring into a large excess of sodium carb- 

onate solution gives a precipitate of benzsynaldoxime. It has 
zsyn- # now been found that if the clear solution be allowed to stand, 
pare § a hydrochloride will crystallise in large, transparent crystals which 
isual § sinters and wets the tube at 57°, melts at a somewhat higher tem- 
com- # perature, and on decomposition with sodium carbonate solution 
ime. § gives the syn-oxime; the sintering temperature, 57°, is a definite 
ride J one, several preparations behaving in the same way. The method 
s of f of preparation suggested that this compound was a_ hydrate, 
the f and analysis showed that it contained one molecule of water. 
1 of f When the hydrochloride was left over concentrated sulphuric 
‘ime #f acid in an atmosphere of hydrogen chloride, the melting point 
es @ @ rose to over 100° and analysis indicated that the compound was 

then anhydrous; it gave benzsynaldoxime on decomposition and 
ind, | appeared to be identical with the 8-hydrochloride (m. p. 103°) 


*nu- @ which we had previously obtained by the action of liquid hydrogen 


3 P* 
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chloride on the syn-oxime. The same 8-hydrochloride has now 
been obtained by the action of dry hydrogen chloride on a dry 
ethereal solution of benzsynaldoxime at the ordinary temperature, 
A hydrated compound of identical properties was precipitated by 
treating benzantialdoxime in ether, saturated with water, with 
hydrogen chloride at the ordinary temperature and by the action 
of concentrated hydrochloric acid on benzsynaldoxime. In the 
latter case, however, there was some possibility of preliminary 
conversion into the anti-isomeride. Moreover, when the «-hydro- 
chloride of benzaldoxime was crystallised from chloroform not 
specially dried, as described by Luxmoore, a similar hydrated com. 
pound was obtained. The hydrate seemed to be formed very readily, 
and the water was possibly obtained by absorption from the atmo. 
sphere during the saturation of the ethereal solution with hydrogen 
chloride, for, if special precautions were taken to prevent the 
admission of water, a solution of benzantialdoxime in dry ether, 
when saturated with hydrogen chloride without cooling, gave a 
8-hydrochloride of the same melting point as that obtained from 
benzsynaldoxime. The high-melting, anhydrous {$-hydrochloride 
was also obtained by crystallising the «-hydrochloride from dry 
chloroform with careful exclusion of moisture. There seems no 
reason to doubt, therefore, that Luxmoore’s compound was a hydrate 
and that only two hydrochlorides of benzaldoxime exist.* 

A number of other hydrochlorides have been studied and call 
for individual mention. The «-hydrochloride of m-nitrobenzald- 
oxime was found to be less stable than those previously described. 
In boiling benzene, an unusually pure 6-hydrochloride was obtained; 
in ether at room temperature, the hydrochloride precipitated was 
a mixture, but consisted mainly of the @-form; in ether at —14’, 
more of the «-hydrochloride was produced, but it was only at the 
temperature of liquid hydrogen chloride that a pure «-hydro- 
chloride was obtained. The case of p-nitrobenzaldoxime has 
already been described (Brady and Dunn, T., 1916, 109, 680) 
and even at the temperature of liquid hydrogen chloride the hydro- 
chloride formed was a mixture. 

In a previous communication (T., 1914, 105, 2872), the author 
showed that p-dimethylaminobenzantialdoxime formed a mono- 
hydrochloride only, and it was suggested that the hydrogen chloride 
in this compound was attached to the dimethylamino-group; 

* It is a strange coincidence that this is the third case in which a supposed 
isomeric derivative of benzaldoxime has been found to be a hydrate. Beck 
(Z. physikal. Chem., 1904, 48, 674) showed that Beckmann and Lommel’s 
(Dissertation, Leipzig, 1902) third isomeric benzaldoxime was a hydrated 


form of the anti-isomeride, and Scheiber (Annalen, 1909, 356, 215) showed 
that Luxmoore’s (loc. cit.) second N-methyl ether was also a hydrate. 
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evidence has now been obtained of the formation of a dihydrochloride 
at low temperatures, but the compound is not crystalline and has 
but a transient existence. 

The unusual stability of the «-hydrochloride of 3 : 4-methylene- 
dioxybenzaldoxime suggested that previous failures to bring 
about conversion of a number of substituted benzaldoximes into 
their syn-isomerides (Brady and Dunn, T., 1916, 109, 667) might 
have been duc to the same cause. We (T., 1914, 105, 2409) had been 
uable to obtain a syn-isomeride of 3 : 4-dimethoxybenzaldoxime 
(veratraldoxime) by the usual methods, but it has now been found 
that, by precipitating the hydrochloride from a boiling benzene 
solution of the anti-oxime, a new hydrochloride is obtained which 
yields the syn-oxime on decomposition. On the other hand, similar 
treatment of o-methoxy-, m-methoxy-, o-hydroxy-, and 3: 5- 
dibromo-p-hydroxy-benzantialdoximes, which previously could not 
be made to give syn-isomerides, still failed to bring about conversion, 
whilst no hydrochloride could be obtained from 2 : 4-dinitrobenz- 
antialdoxime even at the temperature of boiling xylene (compare 
Brady and Dunn, T., 1914, 105, 821; 1916, 109, 667; Wentworth 
and Brady, T., 1920, 117, 1040). 

Swietoslawski and Papow (Chem. Pol., 1916, 16, 1) have investi- 
gated the hydrochlorides of some aromatic aldoximes, but were 
apparently unaware of the work of Luxmoore and were unable to 
obtain pure «-hydrochlorides; moreover, they state that the pure 
§-hydrochlorides could not be obtained from the anti-oximes, but 
only from the syn-oximes (compare Dorabialska, Roczniki Chemji, 
1921, 1, 424).* These workers investigated benzaldoxime and 
m-nitrobenzaldoxime, but our conclusions are not entirely in agree- 
ment with theirs even as regards these two cases. The preparation 
of the pure a-hydrochloride is not easy, but we are of opinion 
that a fairly pure compound can be obtained either from benz- 
antialdoxime in ether at —14°, provided the hydrogen chloride 
is passed in for only a short time and the precipitated hydrochloride 
immediately filtered off, or better by the action of liquid hydrogen 
chloride on the anti-oxime : the latter method is the only one effec- 
tive in the case of:m-nitrobenzantialdoxime. Pure §-hydrochlorides 
are probably precipitated from solutions of these oximes in warm 
solvents, in the case of benzaldoxime moisture being carefully 
excluded. It is true that these hydrochlorides on decomposition 
do not give a pure syn-oxime, but neither do the hydrochlorides 
obtained from the syn-oximes themselves, and the authors believe 
that a certain amount of inversion takes place during manipulation. 


* We are indebted to Mr. R. Truskowski, B.Sc., for translations of these 


papers. 
3P*2 
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To take the case of the 8-hydrochloride obtained from m-nitrobem. 
antialdoxime in boiling benzene, although on decomposition a pur §; 
syn-oxime is not obtained, yet when the hydrochloride is dissolved 
in sodium hydroxide solution and treated with methyl sulphate 
no O-methyl ether of m-nitrobenzantialdoxime is formed, but only 
the N-ether and a smaller quantity of the O-methy] ether of m-nitro. 
benzsynaldoxime, as is the case when methylating the pure syn. 
oxime. The preparation of a pure «-hydrochloride of 3 : 4-methylene. 
dioxybenzaldoxime is easier than in other cases and there is no 
doubt that the hydrochloride obtained by saturating a hot chlon. 
form solution of p-methoxybenzantialdoxime with hydrogen 
chloride is a pure 8-compound, as on decomposition it gives a crude 
syn-oxime melting at 131°, whilst the purest syn-oxime obtainable 
after recrystallisation melts at 131°5°. The purity of the syn-oxime 
obtained by decomposition of the hydrochloride depends on the 
method and speed of manipulation and on the relative stability of 
the syn-isomeride. p-Methoxybenzsynaldoxime is comparatively 
stable, and a sample preserved in a stoppered bottle for more than 
ten years had not appreciably altered; benzsynaldoxime, 3:4 
methylenedioxy-, o-, m-, and p-nitrobenzsynaldoximes, on. the 
other hand, change more or less rapidly (compare Brady and Dum, 
T., 1913, 103, 1622). 


As regards experimental difficulties, it may be pointed out that¥ 


the hydrochloride is apt to be partly decomposed, during manipula. 
tion, by atmospheric moisture with the production of hydrogen 
chloride; in these circumstances the acid tends to convert the 
syn-oxime liberated at the same time into the anti-isomeride. This 
is particularly noticeable in the case of the #-hydrochloride of 
benzaldoxime which, as soon as it is filtered from the ethereal su:- 
pension saturated with hydrogen chloride, very rapidly acquire 
the characteristic odour of benzantialdoxime. When the hydm- 
chloride is decomposed by sodium carbonate solution or by ice: 
cold, dilute ammonia in accordance with earlier practice, the insoluble 
oxime forms a coating round the grains of hydrochloride and it 
is practically impossible to obtain the necessary rapid and complete. 
decomposition. For this reason we have adopted the method 0 
treating the hydrochloride with excess of sodium hydroxide solution, 
which decomposes it, whilst the oxime formed dissolves as the 
sodium salt and is precipitated by the addition of a saturated 
solution of ammonium chloride. There is, moreover, some difficulty 
in completely drying the oxime before determining its melting 
point, especially as it is usually precipitated in a very fine fom 


which holds water tenaciously; heating or keeping in a desiccato}, ; 


for any length of time is likely to bring about isomeric changig; 
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- Band the only method available to dry the compound rapidly consists 
in pressing it repeatedly on several pieces of specially effective porous 
tie. On several occasions when unusually low melting points 
have been obtained, we have found that further treatment in this 
way caused a rise of sometimes as much as 15°; 3 : 4-methylene- 
I dioxybenzsynaldoxime is perhaps the worst offender in this way. 

In a previous paper (T., 1916, 109, 650) we tried to draw a clear 
picture of the mechanism of oxime change, assuming that the 
oximes existed in the tautomeric forms 

CoH; CH C.H;CH C.H;"CH C.H;CH 

HO-N O:NH N-OH HN:O 

(I) (IT.) (IIL) ; (IV.) 
anti-oxime. syn-oxime. 

It was suggested tentatively that addition of hydrogen chloride to 
A the tautomeric form (II) of the anti-oxime could take place in two 
ways, either at the oxygen-nitrogen double bond, giving the 
hydrochloride (V), or at the oxygen—nitrogen and carbon-nitrogen 
double bonds simultaneously, giving the syn-oxime-generating 


a hydrochloride described by Luxmoore (VI). The removal of hydro- 


gen chloride from the latter involved the removal of a hydrogen 
atom different from that originally attached to chlorine and the 
te-formation of the double bond in a different place, with consequent 
inversion of configuration. The §-hydrochloride we obtained 
from the syn-oxime was regarded as of the ammonium type (VII). 
C,H,*CH H C,H,;°CH 
HO-NH CoH sO <cy HN-OH 
¢] HO-NH ‘aa 
m. p. 105°. m. p. 67°. m. p. 103°. 
(V.) (VI.) (VIL) 


Unfortunately, our previous paper was written at a time when 


ce. experimental work was interrupted, and Luxmoore’s statements 


were accepted without complete verification. Since our present 
work has shown that the low-melting hydrochloride is a hydrate, 
some revision of our views is necessary, as it appears that there 
are but two hydrochlorides obtainable from each oxime, one of 
which on decomposition gives the anti- and the other the syn-oxime. 
This difficulty can be overcome in one of two ways, either by the 
assumption that the intermediate compound (VI) is but transiently . 
formed and changes to the ammonium type hydrochloride (VII), 
or by assigning to the ®-hydrochloride the formula (VI). Neither 
of these, however, is entirely free from objection. In both cases 
itis impossible to assume, if a compound of type (VI) be formed, 
that the addition and the elimination of hydrogen chloride take 
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place in the same way in the case of both anti- and syn-oximes, as, 
in that event, passage through the hydrochloride should result in 
inversion in both cases : 


This fact was overlooked in our former paper and the possibility 
was not tested, but it has now been found that the hydrochloride 
obtained from the syn-oxime cannot be converted by solution, 
etc. into an anti-oxime-generating hydrochloride and on decon. 
position invariably regenerates the syn-oxime. The first hypo. 
thesis being adopted, the syn-oxime reacts in the hydroxy-fom 
(III), giving an ammonium type of hydrochloride (VII) which is 
stable to heat, whilst on the second hypothesis the oxime still reacts 
in the hydroxy-form and the addition of hydrogen chloride takes 
place at the carbon-nitrogen double bond, giving a hydrochloride of 
type (VI); in this case, since the same hydrogen is eliminated on 
the removal of hydrogen chloride, no inversion will occur. The 
choice between the two possible mechanisms may depend on the 
analogy of the action of methyl iodide; the second demands the 
existence of two N-ethers and the first provides a possible explana. 
tion that but one N-ether exists of the type R-CH:NMe°0O (compar 
Brady, T., 1914, 105, 2104). Although all attempts have so far 
failed to obtain two N-ethers from the aldoximes (compare Scheiber, 
Annalen, 1909, 356; 215), the isolation of two N-methyl ethers of 
phenyl p-tolyl ketoxime by Semper and Lichtenstadt (Ber., 1918, 
51, 928) favours the second of the hypotheses. 

Some objection has been made to the suggestion that the chlorine 
atom is added to carbon in preference to nitrogen, and Atack (I, 
1921, 119, 1175) has argued that a compound of the type (¥]) 
would not readily lose hydrogen chloride. It may be pointed out 
that hydrogen chloride acts upon phenylearbimide, giving pheny!: 
carbamyl chloride (Hentschel, Ber., 1885, 18, 1178; Lengfeld and 

Stiegler, Amer. Chem. J., 1894, 16, 70) : 


C,H,-N:C:0 —> C,H,*NH-COCI. 


This compound loses hydrogen chloride at 90—100°, and we hare 
found that it is readily decomposed by water and by sodiul! 
carbonate solution, regenerating phenylcarbimide. Moreover, ben 
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hydroxamyl chloride is decomposed by sodium carbonate, giving 
the nitrile oxide (Werner and Buss, Ber., 1894, 27, 2193) : 


—> C,H,;CiN:O or C,H,‘C:N. 
O 


Recent investigations in this field have convinced us that our 
proviso at the end of our paper in 1916 was very necessary, and 
that much more experimental work is required, as the behaviour 
of the isomeric oximes is not nearly so simple as is generally supposed. 
Fortunately, we are now able to continue this work and we would 
have preferred to indulge in no further speculations at the 
moment, but we felt it was necessary, in as brief a way as possible, 
to call attention to some of the difficulties involved in our former 
theories. 

Finally, one isolated observation calls for mention, Owing to 
the scarcity of m-methoxybenzaldoxime a specimen of the hydro- 
chloride of this oxime had been put aside in a stoppered bottle some 
nine years ago with the idea of ultimately recovering the oxime. 
When this oxime was required for the present work, this old specimen 
was examined and it was found that about half of it had been con- 
verted into m-methoxybenzamide. No evidence of a similar con- 
version could, however, be obtained in the case of the hydrochlorides 
of benzaldoxime and o-nitrobenzaldoxime in three months. This 
seems to be the first occasion on which the amide has been obtained 
directly from the oxime, for, although Minunni (Gazzetta, 1892, 22, 
ii, 174) obtained benzonitrile and benzamide by the action of hydro- 
gen chloride on an ethereal solution of acetylbenzantialdoxime, 
Luxmoore (loc. cit.) has shown that the amide is formed by the action 
of hydrogen chloride on benzonitrile in the presence of acetic acid. 


EXPERIMENTAL. 


Introduction—Some preliminary words are necessary in connexion 
with the technique adopted in this work. In dealing with the 
hydrochlorides and oximes, rapidity of work is essential in order 
to avoid, as much as possible, decomposition or isomeric change, 
and it is practically impossible for one person to carry out all the 
operations with sufficient speed. For this reason, in most of the 
experiments, we have worked together with rapidity, and most of 
the operations, for example the determinations of melting points, 
decomposition of the hydrochlorides, and weighing and decom- 
position of the hydrochlorides for analysis, were carried out within 
afew minutes of the preparation. Small quantities were generally 
used and the products, after filtration, freed from solvent or water 
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by pressing repeatedly on specially absorbent tile. As the melting 
points of the oximes, etc., were largely used as a means of determini 
which isomeride was formed, they are recorded more carefully than 
usual; the sintering point is the temperature at which the first 
sign of softening or shrinking occurs and the melting point that at 
which a definite meniscus appears in the capillary tube; the highest 
melting points obtained for the isomerides are given at the head 
of each section for comparison. The melting and decomposition 
points of the hydrochlorides in some cases vary over a range of 
some five degrees and depend on the rate of heating; the tubes 
were as a rule placed in the bath at room temperature and heated 
fairly rapidly at first and then more slowly as the melting point was 
approached. Mixed melting points with pure specimens of the 
oximes were taken from time to time in case a new isomeride was 
obtained, but with negative results. The hydrochlorides were, 
as a rule, decomposed by stirring them rapidly into an excess of 
cold 2N-sodium hydroxide; in some cases, when the last traces did 
not at once dissolve, the solution was filtered through glass-wool 
to avoid keeping the oxime in solution too long with the risk of 
isomeric change; the oxime was precipitated as soon as possible 
from the solution of the sodium salt by the addition of an equal 
volume of a cold saturated solution of ammonium chloride. This 
will hereafter be referred to as the standard method. 

Action of Hydrogen Chloride on the Benzaldoximes (Benzaunii- 
aldoxime, m. p. 35°. Benzsynaldoxime, m. p. 132°).—Pure recrys- 
tallised benzantialdoxime was dissolved in dry ether in a tightly 
corked vessel. Through the cork passed a tube with a wide adapter 
dipping under the surface of the liquid and an exit tube packed 
with dry calcium chloride to prevent condensation of atmospheric 
moisture during the reaction. The solution was cooled in a freezing 
mixture of ice and salt, and a rapid stream of hydrogen chloride, 
dried by passing over calcium chloride and then through concen- 
trated sulphuric acid, passed in. Precipitation occurred almost 
at once and after one minute the precipitated «-hydrochloride was 
rapidly filtered off and pressed on filter-paper. The «-hydro- 
chloride so obtained sintered at 103°, melting and decomposing at 
105°; on decomposition with sodium carbonate solution or by the 
standard method, it gave benzantialdoxime as an oil (Found: 
Cl = 22:2. Cale. from anhydrous hydrochloride, Cl = 22°5 per 
cent.) (compare Luxmoore, loc. cit.). 

A portion of the hydrochloride was transferred as soon as made 
to dry chloroform in a closed vessel with a calcium chloride guard 
tube, and another portion to ordinary chloroform in an open vessel. 
The chloroform was in both cases heated to boiling on the water- 
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path for thirty seconds, when solution occurred. The solutions 
were rapidly cooled in ice and after standing for ten minutes the 
hydrochloride had crystallised. The @-hydrochloride from the dry 
chloroform sintered at 87°, melting and decomposing at 101°, 
and gave by the standard method a crude oxime sintering at 112° 
and melting at 115°. The hydrochloride from the undried chloro- 
form sintered at 49°, wet the tube at 52°, and melted at 55° (Found : 
(l= 19°8. Calc. for hydrate, Cl = 20°2 per cent.). On decom- 
posing the hydrochloride by the standard method, an oxime was 
obtained sintering at 118° and melting at 122°. 

Benzantialdoxime in dry ether in the special vessel as before 
was saturated at —10° with dry hydrogen chlieride for an hour. 
The precipitated 6-hydrochloride sintered at 94°, melted and decom- 
posed at 100°, and gave by the standard method a crude syn-oxime 
sintering at 95° and melting at 102°. Benzantialdoxime in dry 
ether in the special vessel was saturated with dry hydrogen chloride 
without cooling. The solution became warm and a precipitate of 
é-hydrochloride rapidly formed; this, after separation, sintered at 
97°, melted and decomposed at 103°, and gave by the standard 
method an oxime sintering at 101° and melting at 107°. A solution 
of 5 grams of benzantialdoxime in 50 c.c. of dry boiling chloroform 
was saturated with dry hydrogen chloride. No precipitate appeared, 
but on cooling and scratching, the $-hydrochloride separated in 
beautiful, shining leaflets; these sintered at 92°, melted and decom- 
posed at 102°, and gave by the standard method an oxime sintering 
at 106° and melting at 111°. 

Benzsynaldoxime was dissolved in dry ether and the solution 
treated at room temperature with dry hydrogen chloride, when 
there was an immediate precipitation of the §-hydrochloride; 
this sintered at 104°, melted and decomposed at 108°, and gave by 
the standard method a syn-oxime sintering at 114° and melting at 
116°. The 8-hydrochloride was dissolved in hot, dry chloroform, 
and, on cooling and scratching, white, plate-like crystals separated 
sintering at 102° and melting and decomposing at 104°; these on 
decomposition by the standard method regenerated benzsynaldoxime 
of the usual degree of purity. 

Some difficulty was experienced in deciding if a mixture of the 
two hydrochlorides of benzaldoxime melted at a lower temperature 
than the individual compounds. This was due to the instability 
of the hydrochlorides and the difficulty in preparing both compounds 
simultaneously. This was overcome by using the liquid hydrogen 
chloride method first described by us (T., 1916, 109, 679). The 
a-hydrochloride obtained melted and decomposed at 103°, and the 
8-hydrochloride sintered at 95° and melted and decomposed at 
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103°. The mixture of the two sintered at 93° and melted at 100°. 
It seems that there is no depression, the small lowering being prob. 
ably due to the fact that, in making the mixture, the hydrochlorides 
were exposed to atmospheric moisture for a slightly longer time. 

Both «- and 8-hydrochlorides are very unstable in moist air and 
very rapidly acquire the odour of benzantialdoxime. For this 
reason, considerable dispatch is necessary when working with these 
compounds, as their melting points rapidly fall and the composition 
of the oxime which they give on decomposition alters. When the 
a-hydrochloride is examined under the microscope, the change 
from a crystalline material to oily drops can be seen to take place 
rapidly. In the case of the 8-hydrochloride, the plates of the hydro. 
chloride develop needle-like excrescences which in turn change to 
an oil; it seems, therefore, that moisture decomposes this compound 
with the formation of benzsynaldoxime (which crystallises in needles) 
and that this is then converted into benzantialdoxime in the usual 
way by the hydrochloric acid formed at the same time. 

Five grams of finely powdered benzantialdoxime were stirred in 
a mortar with 15 c.c. of concentrated hydrochloric acid, when the 
oxime was rapidly converted into the hydrochloride, which remained 
as a white, crystalline suspension in the excess of acid. A small 
quantity of this solid was removed and found to soften at 57° and 
melt completely at 60°. The rest of the suspension was saturated 
with hydrogen chloride, when heat was liberated and the hydro- 
chloride dissolved giving a clear solution (compare Dunstan and 
Thole, loc. cit.). This was cooled rapidly and left over-night, when 
large, transparent crystals separated, sintering and wetting the 
tube at 57°, and melting completely at 67°. The crude oxime 
obtained by the standard method sintered at 108° and melted at 
113°. Two similar experiments gave large crystals of the hydro- 
chloride; in each case partial melting occurred sharply at 57° 
and complete melting at 71—72° and 72—73°, respectively, and 
decomposition by the standard method gave oximes sintering at 
110° and melting at 120° in one case and at 120° and 125° in the 
other. The large crystals of the hydrochloride were more stable 
than the «- and §-hydrochlorides and only slowly decomposed on 
exposure to moist air, but they could not be dried in a vacuum 
owing to loss of hydrogen chloride. Two samples were analysed. 
In one case, a portion of the crystals was drained on filter-paper and 
then rapidly crushed on a porous tile and pressed on fresh tile 
repeatedly until apparently free from moisture. The sample was 
then rapidly weighed, decomposed with alcoholic potassium 
hydroxide, and the halogen determined. In the second case, after 
drying as before, a quantity was added to a tared amount of alcoholic 
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potassium hydroxide in a closed weighing bottle, and the weight of 
the sample ascertained by the increase in weight of the solution, 
loss of hydrogen chloride or absorption of moisture during weighing 
being thus avoided [Found : Cl = (1) 20°1, (2) 20°1. C,H,ONCI,H,O 
requires Cl = 20°2 per cent.]. The anhydrous compound contains 
22'5 per cent. of chlorine. In the second determination, 25 per cent. 
more material was used than in the first and it seems unlikely that 
exactly the same amount of entangled water would be present in 
two samples separately dried; moreover, the same method of 
drying applied to the hydrochloride of anisaldoxime gave satisfactory 
results (see below). 

A quantity of the above compound was left for a week in an 
atmosphere of hydrogen chloride over concentrated sulphuric acid. 
At the end of that time the crystals had retained their shape, but 
broke up with great ease on slight pressure, although the original 
crystals had been very hard to crush. They sintered at 93°, melted 
and decomposed at 104—105°, and gave, by the standard method, 
an oxime sintering at 118° and melting at 120° (Found: Cl = 22°5. 
Calc. for the anhydrous hydrochloride, Cl = 22°5 per cent.). 

Five grams of benzantialdoxime were dissolved in 75 c.c. of 
ether saturated with water, obtained by shaking ether with an equal 
volume of distilled water and separating. The solution was saturated 
with hydrogen chloride, and the precipitate separated and dried 
by pressing on a pad of filter-paper. The hydrochloride wet the 
tube at 57°, melted completely at 72°, and gave, by the standard 
method, an oxime which sintered at 109° and melted at 120° (Found : 
Cl= 20°8. Calc. for hydrate, Cl = 20°1 per cent.). The hydro- 
chloride was left in an atmosphere of hydrogen chloride over con- 
centrated sulphuric acid for twelve days. At the end of that time 
it sintered at 104° and melted and decomposed at 108° (Found : 
Cl = 22°8. Calc., Cl = 22°5 per cent.). 

A solution of 2 grams of benzantialdoxime in 40 c.c. of ether was 
saturated with hydrogen chloride without cooling or without any 
special precautions to avoid the introduction of moisture being 
adopted. A small portion of the precipitate was removed and found 
to collapse at 62°, wet the tube at 75°, and melt and decompose 
at 80°. The rest of the solution containing the precipitate was kept 
in a stoppered bottle. After forty-eight hours, a portion of the 
hydrochloride sintered at 82°, collapsed at 92°, and melted and 
decomposed at 100°; it gave, by the standard method, an oxime 
sintering at 97° and melting at 100°. After ninety-four hours, the 
hydrochloride sintered at 98° and melted and decomposed at 103°, 
whilst the oxime therefrom sintered at 110° and melted at 113°. 
After one week, the hydrochloride sintered at 104° and melted and 
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decomposed at 108°, whilst the oxime sintered at 100° and melted 
at 115°. 

A portion of the hydrated hydrochloride obtained in aqueous 
solution was powdered, suspended in dry ether, and the suspension 
saturated with hydrogen chloride at room temperature. The 
solid was then found to sinter at 88° and melt and decompose at 
104—105°. There seems no doubt that the hydrate in the presence 
of ether and a large excess of hydrogen chloride slowly loses its 
water. 

Action of Hydrogen Chloride on p-Methoxybenzaldoximes (p. 
Methoxybenzantialdoxime, m. p. 64°. p-Methoxybenzsynaldoxime, 
m. p. 131°5°).—Pure p-methoxybenzantialdoxime was dissolved in 
dry ether, the solution cooled to —14° and saturated with dry 
hydrogen chloride, the temperature being kept below —10°. The 
a-hydrochloride was precipitated slowly and at first in a somewhat 
pasty condition, but it soon became crystalline. After separation, 
it melted and decomposed at 134° and, on treatment with sodium 
carbonate solution, or by the standard method, gave p-methoxy- 
benzantialdoxime, sintering at 57° and melting at 63°, and at 64° 
when mixed with the original anti-oxime. The «-hydrochloride was 
boiled with chloroform until it dissolved, and on cooling and scratch- 
ing, the $-hydrochloride separated which gave, by the standard 
method, an oxime melting at 122°. The solid «-hydrochloride was 
heated on the water-bath for thirty minutes, when it was converted 
into the §$-compound, which gave p-methoxybenzsynaldoxime. 
p-Methoxybenzantialdoxime was dissolved in dry chloroform, the 
solution warmed on the water-bath, saturated with dry hydrogen 
chloride, again warmed, and more hydrogen chloride passed in. 
The precipitated 8-hydrochloride melted and decomposed at 134° 
and, by the standard method, gave a crude oxime melting at 131°. 
Finely powdered p-methoxybenzantialdoxime was added to liquid 
hydrogen chloride, when it was rapidly converted into the hydro- 
chloride, which did not dissolve in the excess of liquid. When the 
excess of hydrogen chloride hac evaporated, the solid «-hydrochloride 
left melted and decomposed at 132° and, on decomposition in the 
standard way, gave p-methoxybenzantialdoxime. 

Five grams of finely powdered p-methoxybenzantialdoxime were 
ground in a mortar with 15 c.c. of concentrated hydrochloric acid; 
the oxime dissolved and after a few seconds a white, crystalline 
precipitate of 6-hydrochloride appeared. A portion of this com- 
pound was found to sinter at 110° and to melt and decompose at 
122°; by the standard method, it gave an oxime sintering at 119° 
and melting at 123°. The rest of the suspension of hydrochloride 
was diluted with another 15 c.c. of concentrated hydrochloric acid 
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and saturated with hydrogen chloride during forty-five minutes, 
when most of the solid passed into solution, the small amount 
undissolved being removed by filtration through glass wool. The 
solution, which had acquired a purple tint, on leaving over-night 
deposited crystals of $-hydrochloride, melting and decomposing 
at 136°, and giving by the standard method an oxime sintering at 
120° and melting at 128°. The hydrochloride was dried and analysed 
in a similar way to the benzaldoxime derivative prepared in a like 
manner (Found: Cl = 18°8. Calc. for anhydrous hydrochloride, 


(p- | Cl=18°9 per cent.). 

ne, p-Methoxybenzsynaldoxime was dissolved in dry ether, and dry 
in hydrogen chloride passed into the solution, when precipitation of 
Iry the §-hydrochloride began immediately. The §-hydrochloride 
‘he melted and decomposed at 134° and did not depress the melting 
at point of the «-hydrochloride on admixture ; by the standard method, 


it gave an oxime melting at 131°. The 8-hydrochloride on crystal- 
lisation from chloroform, as with the «-compound, gave a hydro- 
chloride melting and decomposing at 135°, which gave a crude 
syn-oxime melting at 128°. 

Action of Hydrogen Chloride on 3 : 4-Methylenedioxybenzaldoximes 
(3 : 4-Methylenedioxybenzantialdoxime, m. p. 111°. 3: 4-Methyl- 
enedioxybenzsynaldoxime, m. p. 146°).—Pure 3: 4-Methylene- 
dioxybenzantialdoxime was dissolved in dry ether and the solution 
saturated with dry hydrogen chloride at room temperature, when 
the «-hydrochloride was slowly precipitated; it melted and decom- 
posed at 170—172° (Found: Cl= 17:4. C,H,O,NCl requires 
(l= 17:7 per cent.). A portion on decomposition by the standard 
method, or by sodium carbonate solution, gave a crude oxime 
melting at 105° and, after crystallisation from acetone and water, 
at 109—111°, and at 109—111° when mixed with the anti-oxime. 
Another portion of the «-hydrochloride was boiled with benzene 
for five minutes, but did not dissolve; the solid §-hydrochloride 
thus obtained melted and decomposed at 167—169° and did not 
depress the melting point of the «-hydrochloride on admixture; 
decomposition by the standard method gave an oxime melting at 
128—132°, which after crystallisation from acetone and water 
melted at 137—140°. Boiling the original «-hydrochloride with 
benzene for thirty minutes gave a product which on decomposition 
yielded a crude oxime melting at 134—135°. 3: 4-Methylenedioxy- 
benzantialdoxime was dissolved in boiling benzene and the hot 
solution saturated with dry hydrogen chloride. The $-hydrochloride 
obtained melted and decomposed at 176—178° and gave by the 
standard method a crude oxime melting at 130°, which after 
crystallisation from acetone and water melted at 142°. 
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A quantity of the anti-oxime was ground in a mortar with con. 
centrated hydrochloric acid for some minutes; the oxime rapidly 
changed to the hydrochloride, which was separated by pouring on 
to a porous tile. The hydrochloride melted and decomposed at 
176—178° and gave an oxime sintering at 100° and melting at 103°, 
and when mixed with the original anti-oxime, at 99° and 110°. After 
crystallisation from acetone and water, the oxime melted at 110— 
111°, and at 109—111° when mixed with the anti-oxime. Unlike 
the hydrochloride of p-methoxybenzaldoxime prepared in a similar 
way, the compound here obtained is the «-hydrochloride. Similar 
results were obtained when a solution of the anti-oxime in ether 
saturated with water was treated with hydrogen chloride at room 
temperature, the «-hydrochloride being precipitated with no 
indication of the formation of a hydrate. 

3 : 4-Methylenedioxybenzsynaldoxime was dissolved in dry ether 
and hydrogen chloride passed into the solution. The instant the 
gas came in contact with the liquid a precipitate of the $-hydro- 
chloride formed, which, after some time, was separated and found 
to melt and decompose at 176—178°; it did not depress the melting 
point of the «-hydrochloride on admixture. The @-hydrochloride 
so obtained, on decomposition by the standard method, gave a 
crude syn-oxime sintering at 121° and melting at 126°. Some 
conversion appears to have taken place during the operations, 
probably in the decomposition of the hydrochloride, as the crude 
oxime is of rather low melting point. It has, moreover, always 
been found a matter of considerable difficulty to obtain in this 
case a crude syn-oxime of high melting point when preparing it 
from the anti-oxime through the hydrochloride precipitated in 
organic solvents. A portion of the §-hydrochloride was boiled 
for fifty minutes with benzene under reflux, but no conversion 
was brought about, the product giving a crude syn-oxime melting 
at 125—126°. 

Action of Hydrogen Chloride on m-Nitrobenzaldoximes (m-Nitro- 
benzantialdoxime, m. p. 120°. m-Nitrobenzsynaldoxime, m. p. 
123°).—m-Nitrobenzantialdoxime was dissolved in boiling benzene 
and the hot solution saturated with dry hydrogen chloride, when 
the 8-hydrochloride was precipitated at once. It sintered at 122°, 
melted and decomposed at 135°, and gave by the standard method 
a crude oxime sintering at 104° and melting at 113°, which when 
admixed with m-nitrobenzantialdoxime melted at 95—98°. Mixed 
melting points are always necessary as a control when working 
with this oxime, as the two isomerides melt at practically the same 
temperature, but an admixture of one depresses the melting point 
of the other. The above method gives a purer syn-oxime than that 
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obtained by using ether at the ordinary temperature, when the 
s-hydrochloride is only slowly precipitated. 

Hydrogen chloride passed into a solution of m-nitrobenzanti- 
aldoxime in dry ether at —15° precipitated a hydrochloride which 
sintered at 130° and melted and decomposed at 137°. On decom- 
position by the standard method, this gave an oxime sintering at 
7° and melting at 98°, and at the same temperatures on admixture 
vith the anti-isomeride ; after crystallisation from acetone and water, 
the product sintered at 111° and melted at 119°, and when mixed 
yiththe anti-oxime, at 93° and 96°. Theoximeobtainedisobviously a 
nixture of the two isomerides produced from a mixture of hydro- 
chlorides. On keeping a portion of the hydrochloride for fifteen hours 
and then decomposing it, a purer syn-oxime was obtained sintering 
at 90° and melting at 105°, and when mixed with the anéi-oxime, at 
87° and 94°, 

Finely powdered m-nitrobenzantialdoxime was added in small 
portions to liquid hydrogen chloride, when a clear yellow solution 
was obtained. When the excess of hydrogen chloride had evaporated, 
the «-hydrochloride sintered at 125° and melted and decomposed at 
134°; it gave, on decomposition, an oxime sintering at 115° and 
melting at 120° and, admixed with anti-oxime, at 118° and 120°. 
At the low temperature, the «-hydrochloride can be obtained com- 
paratively pure. 

No evidence was obtained of the formation of a hydrate when 
m-nitrobenzantialdoxime was ground with concentrated hydro- 
chloric acid and the suspension saturated with hydrogen chloride. 
The hydrochloride did not dissolve under these conditions, and gave 
a syn-oxime of rather poor quality on decomposition. 

m-Nitrobenzsynaldoxime in ethereal solution gave an immediate 
precipitate of the ®-hydrochloride when treated with hydrogen 
chloride. This sintered at 125°, melted and decomposed at 136°, 
and on decomposition by tke standard method gave a crude syn- 
oxime sintering at 102° and melting at 111° alone, at 107° and 118° 
when mixed with m-nitrobenzsynaldoxime, and at 88° and 92° when 
mixed with m-nitrobenzantialdoxime. 

3: 4-Dimethoxybenzsynaldoxime.—Five grams of 3 : 4-dimethoxy- 
benzantialdoxime were dissolved in 75 c.c. of boiling benzene, and 
the hot solution was saturated with hydrogen chloride. The 
precipitated hydrochloride melted and decomposed at 151° and, 
o decomposition by the standard method, gavé a crude oxime 
melting at 102—108°. The oxime was dried by pressing it on a porous 
tile and added to 30 c.c. of boiling benzene, the solution filtered and 
rapidly cooled, when the syn-oxime crystallised in very pale pink 
needles melting at 119° (Found: N=7°9. C,H,,0;N requires 
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N = 7°'7 per cent.). The orientation of the compound was deter. 
mined in the usual way by dissolving it in acetic anhydride at room 
temperature, decomposing the excess of anhydride with sodium 
carbonate solution, and extracting the product with ether. (h 
removing the solvent, an uncrystallisable oil was obtained which 
could not be induced to crystallise by seeding with 3 : 4-dimethoyy. 
benzonitrile; it seems probable that the oil was acetyl-3 : 4-di. 
methoxybenzsynaldoxime, which is stable to sodium carbonate 
solution. Treatment of a portion of the oil with cold 2N-sodium 
hydroxide, followed by seeding with the nitrile resulted in its 
immediate solidification and the product was identified as 3:4 
dimethoxybenzonitrile (compare Wentworth and Brady, T., 1920, 
117, 1045, who found that acetyl-5-bromo-3 : 4-dimethoxy. 
benzsynaldoxime behaved similarly). The rest of the oil wa 
heated for some hours with 2N-sodium hydroxide, when it slowly 
dissolved with evolution of ammonia. The solution on saturation 
with carbon dioxide gave no precipitate of oxime, but when acidified 
with hydrochloric acid gave veratric acid. The syn-configuration 
of the oxime was therefore established. 

Action of Hydrogen Chloride on m-Methoxybenzantialdoxime— 
The hydrochloride precipitated by saturating a solution of m- 
methoxybenzantialdoxime in boiling benzene with hydrogen 
chloride melted and decomposed at 108—110°. On decomposition 
by the standard method, an oil was obtained which, after extraction 
with ether and removal of the solvent, refused to crystallise. In 
order to determine whether this was a syn-oxime or a mixture of 
the two isomerides, it was dissolved at once in acetic anhydride 
at room temperature, the excess of anhydride decomposed with 
sodium carbonate solution, and the product extracted with ether. 
After removal of the solvent, an uncrystallisable oil was again 
obtained, which was hydrolysed by heating on the water-bath with 
2N-sodium hydroxide, when the oil dissolved and ammonia was 
evolved. The solution was diluted somewhat, shaken with ether to 
remove traces of unchanged material, saturated with carbon dioxide, 
and again shaken with ether. On evaporating the second ethereal 
extract, an oil was obtained which slowly solidified and was identi- 
fied as m-methoxybenzantialdoxime. The aqueous sodium Di- 
carbonate solution was acidified with dilute hydrochloric acid and 
extracted with ether, when, on removing the solvent, a smal! amount 
of solid was obtained which was found to be m-methoxybenzoit 
acid. The relative amounts of oxime and acid obtained were, 
roughly, as three to one; it appears, therefore, that no better col- 
version had been obtained than by the ordinary methods (compare 
Brady and Dunn, T., 1914, 105, 2413). 
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Action of Hydrogen Chloride on o-Methoxy-, o-Hydroxy, 2:4- 
Dinitro-, 3: 5-Dibromo-4-hydroxy-, and p-Dimethylamino-benzanti- 
adoximes.—A solution of o-methoxybenzantialdoxime in boiling 
benzene was saturated with dry hydrogen chloride. The precipi- 
tated hydrochloride melted at 114° and decomposed at 130°, and, 


. Aon decomposition with sodium carbonate solution or by the standard 
Method, gave an oxime, melting at 92—94° and not depressing the 


melting point of the original oxime. Part of the hydrochloride was 
yarmed with chloroform, when it dissolved slowly and some 
hydrogen chloride was evolved; on cooling, nothing separated, so 
light petroleum was added cautiously until a crystalline precipitate 
appeared, which sintered and partly decomposed at 75°. This was 
probably a mixture of hydrochloride and oxime formed by partial 
loss of hydrogen chloride; on treatment by the standard method, 
itgave an oxime melting at 92—93° which did not depress the melt- 
ing point of the original oxime. A portion of the hydrochloride 
was heated in a glycerol bath to 115—117°, when it melted without 
visible evolution of gas. On cooling and scratching, the liquid 
solidified and, after being pressed on a porous tile and washed with 
alittle dry ether to remove oxime, sintered at 98°, melted at 110°, and 
decomposed at 120°. Decomposition again gave the original oxime. 

o-Hydroxybenzantialdoxime was dissolved in boiling benzene, 
and the solution saturated with dry hydrogen chloride. A rapid 
precipitation of the hydrochloride occurred. This melted and 
decomposed at 153° and on decomposition with sodium carbonate 
solution regenerated the original oxime. 

2: 4-Dinitrobenzantialdoxime was dissolved in boiling benzene 
and the solution saturated with hydrogen chloride. No precipitate 
formed for some time, but, as the solvent evaporated, crystdls 
separated which were found to consist of the original oxime. A 
solution in boiling xylene gave no precipitate on saturation with 
hydrogen chloride, and, after cooling, the addition of light petrol- 
eum precipitated the original oxime. The oxime was also dis- 
solved in liquid hydrogen chloride and part of the solution was 
poured into excess of sodium carbonate solution and part allowed to 
evaporate spontaneously. In both cases the original oxime was 
tecovered, there being no evidence, in the latter instance, of the 
formation of a hydrochloride. 

3: 5-Dibromo-4-hydroxybenzantialdoxime in boiling benzene 
gave a hydrochloride, melting at 189° and decomposing at 195°, 
Which on treatment with sodium carbonate solution dissolved 
completely; on acidifying the solution with dilute sulphuric acid, 
the original oxime was recovered. 

p-Dimethylaminobenzantialdoxime in boiling benzene gave a 
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hydrochloride, melting and decomposing at 172°, which regenerated 
the original oxime on decomposition by the standard method. 
p-Dimethylaminobenzantialdoxime was added to liquid hydrogen 
chloride, when it dissolved. Part of the solution was added to a 
large excess of sodium carbonate solution, when the original oxime 
was precipitated; the rest was allowed to evaporate spontaneously, 
when a pasty, transparent, varnish-like material was obtained, 
This was pressed on a porous tile and after a very short time had no 
longer the odour of hydrogen chloride ; after from one to two minutes, 
the varnish began to grow opaque and solidify, whilst at the same 
time bubbles of gas began to appear in it and the odour of hydrogen 
chloride became very strong. On referring subsequently to our 
notes made in 1914 on the action of liquid hydrogen chloride on 
oximes, it was found that an exactly similar observation had been 
recorded with this compound, although the fact had escaped our 
memories when the recent experiments were performed. It seems 
that an unstable dihydrochloride of p-dimethylaminobenzanii. 
aldoxime can be obtained at low temperatures. 

Result of keeping Hydrochlorides—A sample of the hydrochloride 
of m-methoxybenzantialdoxime prepared in 1914 and kept ina 
stoppered bottle was treated with cold 2N-sodium hydroxide, when 
only part dissolved. The mixture was diluted somewhat, filtered, 
and the solid, which formed about half of the original material, 
washed and crystallised twice from hot water, when long, white 
needles were obtained melting at 134°. This compound, on being 
warmed with sodium hydroxide solution, dissolved with the evolu- 
tion of ammonia, and acid precipitated m-methoxybenzoic acid from 
the alkaline solution. This behaviour, and analysis also, indicated 
tHat the compound was m-methoxybenzamide, which has not been 
previously described (Found : N = 9°5. C,gH,O,N requires N = 93 
per cent.). ; 

The alkaline solution which had been separated from the solid, 
on addition of ammonium chloride, gave an oil which, after extrac- 
tion with ether, was identified as m-methoxybenzantialdoxime. 
The aqueous layer, on acidification with dilute hydrochloric acid 
and extraction with ether, yielded a small quantity of m-methoxy- 
benzoic acid. Experiments on the hydrochlorides obtained from 
benzantialdoximes and o-nitrobenzantialdoxime, kept for three 
months in stoppered bottles in the dark, gave no indication of the 
formation of amide, as, at the end of that time, they were still 
completely soluble in cold 2N-sodium hydroxide. 

Phenylcarbamyl Chloride.—This compound was prepared by 
Hentschel (Joc. cit.) by the action of hydrogen chloride on phenyl- 
carbimide, and by Lengfeld and Stieglitz (Joc. cit.) by the action. of 
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erated phosphorus pentachloride on phenylurethane. Although it had 
ethod been found that the compound decomposed on being heated to 
lrogen 100°, no mention could be discovered of the action of water or 
to 4 ajkalis upon it. The compound was prepared by the method of 
oxime # Hentschel. When the solid chloride was added to water, it decom- 
ously, posed slowly and oily drops of phenylcarbimide separated which, 
aned, after some ten minutes, were further decomposed by the water, 
ad no yielding diphenylcarbamide. On treatment of the hydrochloride 


with sodium carbonate solution, the decomposition to phenyl- 
carbimide was immediate. 


Summary. 


le on (1) It has been demonstrated that benzaldoxime, p-methoxy-, 
been g 3:4-methylenedioxy-, and m-nitro-benzaldoximes give two hydro- 
1 our @ chlorides, one of which, on decomposition, generates the anti- 


oxime, and the other the syn-oxime. High temperature favours 
the formation of the latter hydrochloride. 

(2) The so-called benzsynaldoxime hydrochloride of Luxmoore 
has been shown to be a hydrate. 

(3) 3: 4-Dimethoxybenzantialdoxime has been converted into 
its syn-isomeride by preparing the hydrochloride in boiling benzene. 
On the other hand, o-hydroxy-, o-methoxy-, m-methoxy-, and 
3: 5-dibromo-4-hydroxy-benzantialdoximes were not so converted 
under similar conditions. 

(4) The hydrochloride of m-methoxybenzaldoxime on keeping 
for some years is partly converted into m-methoxybenzamide. 

(5) The technique involved in working with these compounds 
has been indicated. 

(6) Some modifications of the views previously put forward by 
us on the mechanism of isomeric change in the oximes have been 
described. 


THe Rautex Forster LABORATORY OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, June 6th, 1923.] 


CCI.—-Influence of Hydrogen Chloride on the 
Enolising Action of Grignard’s Reagent. 


By Vinayak Kesuav Buacwat. 


THE probable enolisation of ketones during the process of halogen- 
ation was first clearly pointed out by Lapworth (T., 1904, 85, 30), 
who studied the reaction in various solvents and drew the con- 
clusion that the halogen is absorbed by the unsaturated modification 
of the ketone. 
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Dawson and his co-workers put forward a similar explanation of 
the mechanism of halogenation of acetaldehyde and its homologues 
(T., 1909, 95, 1860; 1914, 105, 275, 387). They have further found 
that halogenation is accelerated in the presence of a strong acid 
such as hydrochloric or sulphuric acid. According to their view, 
the presence of a negative group in the molecule or of a catalyst 
in the reaction mixture promotes enolisation of the aldehyde and 
thus accelerates halogenation. 

Up to the present, however, in only one instance have acetone and 
acetaldehyde been observed to react in the enolic form (Freer, 
Amer. Chem. J., 1890, 12, 355; 1891, 13, 319). 

Dr. Sudborough and the author found that simple aldehydes and 
ketones display very little tendency to enolise in the presence of 
Grignard’s reagent (J.I.I.Sc., 1919, II, 192); a moderately high 
degree of enolisation was observed, however, in the case of an acid 
sample of isovaleraldehyde, and the suggestion was made that this 
result might have been due to the enolising action of the acid. In 
view of the work of Dawson, the explanation seems satisfactory, 
but it must be remembered that the acid—presumably isovaleric 
acid—would decompose in presence of Grignard’s reagent and 
therefore would have no chance to exert its enolising influence. 
It seems likely, therefore, that the marked enolisation in the case 
of the acid sample was due to the trace of water (formed in the auto- 
oxidation of the aldehyde) not having been removed by the calcium 
chloride. 

In order to settle this point, the present investigation was under- 
taken. The results corroborate the first view, for it was found that 
whilst acetic acid has no influence on the enolising action of Grignard’s 
reagent, hydrogen chloride exerts a very great influence. 


ExPERIMENTAL. 


As slight variations of temperature affect the vapour pressure of 
ethyl-ethereal solutions to an appreciable extent, all the experiments 
were performed in pure isoamyl-ethereal solution as suggested by 
Hibbert and Sudborough (T., 1904, 85, 934). To obviate the small 
errors due to the absorption of moisture, carbon dioxide, and oxygen, 
the apparatus was filled with pure dry nitrogen in each experiment. 

The amyl ether was prepared from commercial isoamy] alcohol 
(b. p. 128—130°) by Schréter and Sontag’s method (Ber., 1908, 
41, 1924), and purified by keeping over calcium chloride for about 
two days and then boiling twice with metallic sodium for eight 
hours, with intermediate distillation; it was thereafter successively 
treated with a little magnesium methyl iodide, sodium, and 
phosphoric oxide and finally distilled. 
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The Grignard’s reagent was prepared as described by Hibbert 
and Sudborough, and the nitrogen by the method given by Lupton 
(Chem. News, 1876, 33, 90). 

Propaldehyde, prepared by Lieben’s method (Monaish., 1883, 4, 
14), was repeatedly carefully fractionated, treated with calcium 
chloride, and again fractionated, until a product of constant density 
was obtained ; b. p. 44°5—45°5°/687 mm.; d® 0°8402. 

isoValeraldehyde, prepared by Bouveault and Rosset’s method 
(Bull. Soc. chim., 1894, [iii], 11, 301), was purified as above; b. p. 
§8:'5—89°5°/684 mm., d® 0°8212. 

Merck’s extra pure acetone was dehydrated with fused calcium 
chloride and distilled until the density was constant; b. p. 
53'5°/688 mm., d5 0-7849. 

Pure glacial acetic acid, m. p. 16°, was used in these experiments. 
A dilute solution of hydrogen chloride in dry amyl ether was pre- 
pared, and standardised by titrating with standard caustic soda the 
aqueous extract of a weighed quantity. 

Small quantities of the acid solution and of the substance were 
weighed in a stoppered tube and then dissolved in about 10 c.c. of 
dry amyl ether. The tube containing the solution was lowered 
vertically into a stout filter flask of about 250 c.c. capacity, provided 
with an air-tight rubber bung carrying a tapped tube nearly touching 
the bottom of the flask. Excess of magnesium methyl iodide solution 
(about 10—15 c.c.) having been placed in the flask, the air was 
displaced by nitrogen which had bubbled through concentrated 
sulphuric acid and passed over phosphoric oxide. The side tube of 
the flask was attached to a Lunge nitrometer filled with dry mercury, 
and the apparatus was left for one to two hours to attain room 
temperature. The level of the mercury in the nitrometer and the 
temperature having then been noted, the two solutions were mixed 
by slightly tilting the flask and shaken vigorously ; after about two 
hours, the volume of the gas evolved was read with the usual pre- 
cautions, and corrections for change of temperature and pressure 
during the period were applied. The quantity of the enolic form was 
calculated from the amount of methane evolved in the reaction. 
Occasionally a blank experiment was made to show that the dry 
issamyl ether used as solvent did not develop any gas with the 
Grignard’s reagent and to make sure that the ether did not absorb 
any moisture. 

It has been recently shown by Hess and Rheinboldt (Ber., 1921, 
54, [B], 2043) that magnesium methyl iodide yields ethane when 
treated with hydrochloric acid. Under the conditions mentioned 
in this paper, however, the isoamyl-ethereal solution of hydrogen 
chloride did not give any gas with magnesium methyl iodide. 
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The results of these experiments are given in Tables I to V and 
shown graphically in the figure. 


TABLE I. 
Acetone and hydrogen chloride. 


Gram Amount C.c. of Enolis- Gram Amount C.c. of 
of acet- ofacid gasat ation. of acet- of acid gas at 

one. (Sh NP. (%)- one. (%). » NLP. 
0-2904 1-21 : 9-37 ' 00256 22-54 5:89 
0-1930 2-34 . 15-53 0:0240 29-90 6-96 
0-1066 4-08 . 21-01 0-0232 37-93 7-81 
0-0774 8-85 . 23-41 0:0248 50-06 9-23 
0-0282 13-74 . 42-25 nil 0:0015 nil 
0-0256 16-30 . 44-72 gram 

0-0240 20-40 . 52-21 0-3182 nil m 


TABLE II. 
Acetic acid and acetone. 


Gram of Amount of C.c. of gas C.c. of gas 
acetone. acid. at N.7.P. due to acid. Enolisation. 
nil 0-0606 gram 24-56 — nil 
0-1390 31-15% 17-45 17-79 
0-2020 21-09 ,, 17°31 17-47 


TABLE III. TABLE IV. 


isoValeraldehyde and hydrogen - Propaldehyde and hydrogen 
chloride. chloride. 


Gram C.c. of Enolis- Gram Amount C.c.of Enolis- 
of alde- Grams gasat ation. ofalde- ofacid gasat ation. 
hyde. ofacid. N.7.P. (%). hyde. (%)- (%). 
0:3446 nil ° 8-18 0-2618 nil 2-18 
nil 0-0018 i nil 0-0288 8-79 F 18-12 
0-0592 1-13 a 15-81 0:0330 15-63 F 29-78 
0-0262 4-52 , 42-47 0:0378 17-01 ’ 36-08 
0:0264 6-61 , 49-53 0-0282 22-75 - 36:61 
0-0232 9-87 . 76-16 0-0248 32-52 . 65:13 
0-0222 10-47 , 81-50 0-0276 38-44 5 76-66 
0-0240 12-32 “16 82-60 0-0264 38-91 . 74:85 
0-0246 12-55 : 87-09 0-0482 46-56 79-22 
0:0224 18-47 , 85-80 00248 52-65 . 81-23 


* Volume of gas due to acid = * A further 2 c.c. of gas were 
2-44 cc. due to the acid. 


TABLE V. 
isoValeraldehyde and acetic acid. 


Gram of Gram of C.c. of gas C.c. of gas = Enolisation. 
aldehyde. acid. at N.T.P. due to acid. Per cent. 
nil 0-0168 8-54 —_ nil 
0-3812 0-0206 19-23 10-49 8-81 
0-1946 0-0224 12-41 8-36 7-99 
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In all these experiments the vapour pressure of the amyl ether 
was neglected. 
Summary and Conclusions. 


The action of Grignard’s reagent upon acetone, isovaleraldehyde, 
and propaldehyde in amyl-ethereal solution and in presence of 
acetic acid and of hydrogen chloride has been investigated with 
the following results : 

(i) Acetic acid has no effect on the enolising action of Grignard’s 
reagent, owing to decomposition immediately consequent on its 
exposure to the attack of the organo-metallic iodide. Lapworth 
(loc. cit.) ascribes the inability o‘ acetic acid and similar acids to 


< 
AS) 
s 
is] 
2 
Ss 
° 
= 
S 
& 
Z 
S 
& 
S 
R 


10 20 30 40 60 60 
Hydrogen chloride per cent. 
accelerate the halogenation of ketones (according to his theory by 
enolising them) to their weakly acid character. 
(ii) Hydrogen chloride exerts a great influence on the enolisation 
of these aldehydes and acetone, the degree of enolisation being pro- 
portional to the quantity of acid present. 


In conclusion, I would like to express my thanks to Dr. Sudborough 
for his valuable suggestions during the progress of this work, which 
was done mainly at Bangalore. My thanks are also due to the 
Research Grant Committee of the Bombay University for a grant 
which has defrayed part of the expenses incurred in this work. 


Municipat CoLLEGE or TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [Received, May 4th, 1923.] 
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CCII.—Constitutional Studies in the Monocarbozylic 
Acids derived from Sugars. Part I. Tetramethyl 
Galactonolactone and the Structure of Galactose, 


By Joun PRYDE. 


THE hexonic acids, such as gluconic and galactonic acids, together 
with their salts and esters, have been formulated as straight chain 
compounds, whilst the cyclic structure of 1 : 4*-lactones (y-lactones) 
has been assigned to the dehydration products into which the free 
acids readily pass. 

These assumptions have been justified by the evidence of Hudson 
(J. Amer. Chem. Soc., 1910, 32, 338), who has examined the relation 
between the structure and the optical activity of the lactones of 
twenty-four monocarboxylic acids derived from various sugars 
containing from five to nine carbon atoms. Hudson has brought 
forward convincing evidence on the following points : 

(1) The lactones have a higher optical rotatory power than the 
corresponding free acids. 

(2) The stereochemical conventions laid down in the researches 
of Fischer being adopted, the direction of optical rotation of the 
lactones in a dextro- or levo-sense is determined by the position of 
the oxygen bridge on the right- or left-hand side of the carbon chain. 

On the basis of these generalisations, Hudson shows that very 
good grounds exist for formulating all the lactones of the sugar acids 
examined by him as 1: 4-compounds. But whilst this may apply 
to the lactones of the monocarboxylic acids derived from unsub- 
stituted sugars, it by no means follows that the 1 : 4-oxygen bridge— 
or any other one type of linking—is of universal occurrence in the 
stable sugars themselves (compare Irvine, this vol., p. 918). Whilst 
the hypothesis that the 1 : 4 or butylene-oxide structure is common 
to all the stable sugars has been very fruitful of new ideas, it is 
only recently that it has been submitted to rigid experimental 
test. Thus it has been generally assumed that glucose has a | : 4 


oxygen bridge in its most stable configuration, and whilst direct | 


experimental proof is lacking, there is a mass of collateral evidence 
which renders this assumption highly probable. In the arguments 
advanced in the present communication, the 1 : 4-structure for 
glucose and its derivatives is accepted, but it must be pointed out 
that much of the evidence could be interpreted equally well on the 
basis of a 1: 5-linking. In the case of the other aldo-hexoses or 
-pentoses, there was, until very recently, little evidence, even of 


* Terminology recommended by Irvine for the sugar group. 
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an indirect nature, pointing to the presence or otherwise of a 
1: 4-bridge. 

Helferich and Malkomes (Ber., 1922, 55, [B], 702) have shown 
that 5-hydroxyhexaldehyde readily reacts as a cyclic amylene- 
oxide substance to give a stable compound parallel in many ways 
to methylglucoside, and the possibility of the occurrence of 1 : 5- 
rings in the normal sugars is at once suggested. More recently, 
Hirst and Purves (this vol., p. 1352) have submitted evidence which 
shows that xylose definitely possesses an amylene-oxide structure, 
and not a butylene-oxide structure as has hitherto been assumed. 

In the present investigations in the hexonic acid series, evidence 
has been accumulated which shows with some degree of certainty 
that the normal configuration of galactose is also that of an amylene- 
oxide sugar (I), the assumption being made that Hudson’s rule 
is as applicable to the methylated as to the non-methylated lactones 
—an assumption which is justifiable when it is borne in mind that 
in the sugars generally no profound changes in optical properties 
result from methylation. 


CH-OH co / CO CO 
| a ad , 
HC-OH HCOH ~“ HC-OMe  HC-OMe_ 
| 0 | O | | ° 
10-CH ®© HOCH “MeOCH  MeO-CH 

| al | | | Foil 
oH \CH CH MeOCH _/ 
| ae | | wa 

HC HU-OH HC-OMe HG” 

| | | | 

(H,-OH CH,-OH CH,-OMe — CH,*OMe 
(L) (IL.) (III.) (IV.) 


d-Galactose, which is itself dextrorotatory, gives rise to a galac- 
tonolactone of levo-rotation (Schnelle and Toilens, Annalen, 1892, 
271, 81) to which, in accordance with Hudson’s rule, formula II 
has been assigned. If galactose be methylated to give tetramethyl 
galactose, and if this substituted hexose be oxidised to tetramethyl 
galactonolactone, lactonisation can only occur in the position 
originally unsubstituted in the parent sugar, that is, in the position 
formerly occupied by the oxygen bridge. If this were actually 
the 4-position, one might expect to obtain a levorotatory tetra- 
methyl galactonolactone (III), since the oxygen bridge would lie on 
the left-hand side of the carbon chain. On the contrary, it has been 
found that tetramethyl galactose, prepared by direct methylation 
of galactose, gives on oxidation a tetramethyl galactonolactone 
which, like the parent hexose, is strongly dextrorotatory and there- 
fore has its oxygen bridge on the right-hand side of the carbon 

VOL. CXXIII, 3Q 
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chain (IV). The oxygen linking in the parent sugar must then © 
have occupied the same position, that is, most probably the 1: 5, of 

This explanation of the dextrorotation of tetramethyl galactono. § P" 
lactone from tetramethyl galactose is further substantiated by the - 
fact that the levorotatory tetramethyl galactonolactone, to which § 2” 
formula III is ascribed, has been prepared by methylation of § bY 
galactonolactone (II), prepared by direct oxidation of galactose, § tht 
It was found to be possible to methylate the lactone by means of § 
silver oxide and methyl iodide, to give the methyl] ester of tetra. § sh 
methyl galactonic acid, and the latter substance gave, on hydrolysis § |: 
with barium hydroxide, a tetramethyl galactonolactone which, § ™ 
like the parent lactone, was also levorotatory. Thus, two isomeric § | 
tetramethyl galactonolactones have been obtained, one dextro. § ™ 
the other levo-rotatory, the direction of rotation being dependent | thé 
on the particular stage of the operations at which the lactone ring J (1: 


is closed, as is summarised in the following scheme : : 
ac 

GALACTOSE ini 

ro hy wh 

of 

methylation oxidation ( 

Pa “Si (I. 

aq 

2:3:4:6-Tetramethyl] galactose Galactonolactone Mel 
| : 

methylation - 

Y (1 

oxidation Methy] ester of 2:3: 5: 6-Tetra- J at 

methyl galactonic acid dea 

to 

hydrolysis ter 


Y 
dextro-2 :3:4:6-TETRAMETHYL levo-2 :3:5:6-TETRA- 
GALACTONOLACTONE METHYL GALACTONO- 
LACTONE 


[a]p + 106-79 —> + 16-7°. [a]p — 29°5°—> — 270°. 


The fact that it is possible to methylate galactonolactone to 
give methyl tetramethylgalactonate instead of methyl pentamethyl- 
galactonate is worthy of note. The water formed during the 
reaction, by methylation of the pre-existing hydroxyl groups 
the lactone, produces, in the presence of silver oxide, the silver 
salt of the acid and this reacts with methyl iodide to give the 
methylester. The hydroxyl group on the 4-carbon atom apparently 
does not then methylate—possibly due to steric factors—or methyl. 
ates but slowly, so that it is possible to arrest the reaction at a stage 
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+ then § corresponding to the ester of the tetramethyl acid. The possibility 
1:5, | of methylating this additional hydroxyl group by a modified 
procedure is at present under investigation. 

by theg It is apparent from the foregoing observations that in the hexonic 
which § and allied acids lactonisation occurs, if possible, in the 1 : 4-position, 
put that this tendency to form 1: 4-linkings is not so marked in 
the sugars themselves, although this probably is the most stable 
ans of § configuration in both cases. The following facts would tend to 
 tetrg. | show a greater stability of the 1: 4-linking as compared with the 
1;5-linking, both in the parent hexoses and in the lactones of their 
which, § monocarboxylic acids : 

meric § (1) deatro-Tetramethyl galactonolactone (1:5) undergoes a 
lextro. @ more rapid conversion into the open-chain acid in aqueous solution 
sndent @ than does the corresponding dezxtro-tetramethyl gluconolactone 
(1:4),* and, moreover, the equilibrium position in the change 
lactone == acid lies further to the right in the case of the former 
lactone than in the latter, as will be seen from the fact that the 
initial rotations of the two lactones are of the same magnitude, 
whereas the final rotation of the latter lactone is much above that 
of the former. 

(2) Schnelle and Tollens (loc. cit.) showed that galactonolactone 
(1:4) underwent practically no conversion into the free acid in 
aqueous solution, as deduced from its failure to mutarotate down- 
wards even on warming to 70° after standing for twenty-four hours. 
Similarly, it is now found that levo-tetramethyl galactonolactone 
(1:4) alters its rotation but slightly in aqueous solution after the 
‘etra- | lapse of several days. On the other hand, the specific rotation of 

dextro-tetramethyl galactonolactone (1:5) declines from -+ 106°7° 

to its equilibrium value of + 16°7° in twenty-four hours at room 

temperature. 
rRA- (3) It has already been recorded (Schnelle and Tollens, loc. cit.) 
JNO. § that galactose undergoes oxidation by the agency of bromine with 
greater readiness than does glucose, and this fact now finds a ready 
i explanation in the less stable 1: 5-linking present in the former 
0". Et hexose as compared with the more stable 1 : 4-linking present in 
one to glucose. In the present case, parallel observations have now been 
rethyl- made on the corresponding tetramethyl hexoses, tetramethyl 
ag the galactose undergoing oxidation with bromine much more easily 
than does tetramethyl] glucose. 


le ring 


* It must again be pointed out here that the stereochemical configuration 
of glucose is such that both 1: 4- and 1; 5-lactones of gluconic acid would be 
dextrorotatory, so that it is impossible to arrive at a definite decision as to 
which structure is present on polarimetric evidence alone. As already stated, 
other grounds exist for preferring the 1 : 4-formulation. 

3Q 2 
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In the following table are collected certain observations on the 
optical rotatory power of gluconic and galactonic acids, their lac. 
tones and tetramethyl lactones. These serve to illustrate further 
the remarks made above. 

Initial Final 


Gluconic acid 
Gluconolactone (1 : 4) 
Tetramethyl gluconolactone (1 : 4) 
Galactonic acid 
Galactonolactone (1 : 4) D . 24 hours * 
Tetramethyl galactonolactone (1 : 4) . ° 5 days 
Tetramethyl galactonolactone (1:5) + + 24 hours 
(1), (2), (5) Schnelle and Tollens, Annalen, 1892, 271, 86. 
(4), (6), (7) See experimental part of present communication. 
(3) Purdie and Irvine, T., 1903, 58, 1034. 


* Unchanged after the substance was heated at 70° and cooled. 


It is of interest to note that, whilst the Hudson rule applies with 
the greatest strictness to the lactones of the sugar acids in aqueous 
solution, it has not been found possible to apply it in a similar 
way to the sugars themselves, on the assumption of a common 
butylene-oxide structure. It seems reasonable to suggest that a 
revision of the current views as to the nature of the oxygen linking 
present in the stable sugars, more especially with a view to difieren- 


tiating between 1:4- and 1: 5-linkings, may make it possible 
to apply Hudson’s rule to the sugars themselves as well as to the 
lactones of their acids. 


EXPERIMENTAL. 


Galactonic Acid and Galactonolactone.—These were prepared by 
oxidation of d-galactose with bromine as described by Schnelle 
and Tollens (loc. cit.). The twice crystallised calcium salt 
of the acid was treated with the equivalent of oxalic acid, 
and the filtered solution evaporated to dryness in a vacuum. 
The hot absolute alcoholic solution of the crystalline product 
deposited, on cooling, fine, white needles of pure galactonic 
acid (as determined by titration against alkali, neutralisation of 
the alkali proceeding at once in the cold), and the mother-liquor, 
concentrated to a syrup in a vacuum desiccator, slowly crystallised 
after complete removal of the solvent; this second fraction was 
galactonolactone (m. p. 92°), and comprised the bulk of the total 
product. . 

Galactonic acid has m. p. 147°5°, and in aqueous solution (¢ = 
1:1015) [«]) = —11°18°; this rose to a final value of —57°57° after 
twenty-three days (compare Kiliani, Ber., 1885, 18, 1551; Schnelle 
and Tollens, loc. cit.; Fischer and Ruff, Ber., 1900, 33, 2146). 
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The above preparation of galactonolactone showed [«], —69-97° 
in water (c = 0°786) and did not appreciably alter after some days. 

Methylation of Galactonolactone.—This was carried out by means 
of the silver oxide—methyl iodide reaction, using methyl alcohol 
as an extraneous solvent in the first methylation, and acetone in 
the second. After two methylations under these conditions, the 
product was completely soluble in methyl iodide, and it was then 
subjected to two further treatments with no extraneous solvent. 
After these four methylations the product was extracted with ether 
and distilled in a high vacuum. 

The first fraction collected—a highly mobile liquid, comprising 
25 per cent. of the total distillate—boiled at 100°/0°75 mm., and 
had nf®* 1°4402 [Found: OMe = 57°84. Calc. for the methyl 
ester of pentamethyl galactonic acid, CgH,O(OMe),, OMe = 66°43 ; 
for the methyl ester of tetramethyl galactonic acid, CgH,0,(OMe),, 
0Me = 58°27; for tetramethyl galactonolactone, C,H,O,(OMe),, 
(Me = 53°0 per cent.]. 

In aqueous solution (c = 1°773), the ester has [«]p + 9°93°, 
its low rotation being in agreement with Hudson’s generalisations 
already quoted. 

The second fraction—60 per cent. of the total distillate—boiled at 
100—110°/0°6 mm. (Found : OMe = 55°96 percent.). This fraction, 
together with a third, higher-boiling fraction, was subjected to one 
further methylation, and the methoxyl content rose to 56°64 per 
cent. 

Hydrolysis of Methyl Tetramethylgalactonate. levo-Tetramethyl 
Galactonolactone—The combined products, obtained as above 
described, were dissolved in water and treated with excess of 
approximately N-barium hydroxide solution for one and a 
half hours at 80—90°, the barium was precipitated as sulph- 
ate by addition of the exact amount of sulphuric acid, the 
filtered solution evaporated to dryness in a vacuum, and the 
residual syrup extracted with ether. The solvent was removed 
and the product distilled ina vacuum. It boiled at 130—135°/2 mm. 
& a very mobile syrup and had n}P 1:4496 [Found: C = 51°17; 
H= 7:65; OMe = 51°8. Calc. for tetramethyl galactonolactone, 
(,H,0,(OMe),, C = 51:28; H = 7:69; OMe = 53°0 per cent.]. 
The substance titrated a# a lactone against alkali (0°1367 gram 
required 5°96 c.c. of O°-1N-NaOH; calc., 5°84 c.c.). The specific 
totation ([«])) in aqueous solution (c = 1:413) was —29°51° after 
six minutes, and —26-96° after five days. At the end of the latter 
period, the solution on which these observations were made still 
titrated essentially as a lactone, showing that only slight conversion 
into the acid had occurred. 
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Oxidation of Tetramethyl Galactose.—The tetramethyl] galactose 
was obtained by the hydrolysis of tetramethyl 6-methylgalactoside, 
which had been prepared by direct methylation of galactose by 
the methyl sulphate—caustic soda process.* This preparation of 
the galactoside showed [«], + 4°4° in water (c = 1°3112). 

The hydrolysis was carried out in the usual way by boiling for 
thirty minutes with 8 per cent. hydrochloric acid, but in the sub. 
sequent working up of the product, a slightly modified procedure, 
recommended by Dr. Hirst, was adopted. The neutralised aqueous 
solution was repeatedly extracted with chloroform, the extract 
dried with anhydrous sodium carbonate, and the somewhat stiff, 
non-crystalline syrup obtained on removal of the solvent was 
distilled in a high vacuum. It boiled at 110°/0°15 mm., and from 
10 grams of the methylated galactoside, 7°13 grams of pure, colour. 
less, liquid tetramethyl galactose resulted. It had n}?® 1:4635 
and [a], in water (c = 1°766), + 849°. No mutarotation was 
observed and therefore the distillate consisted of the equilibrium 
mixture of the «- and 8-forms. 

The oxidation of tetramethyl galactose was effected by means of 
bromine, the following quantities being used : tetramethyl] galactose 
7 grams, bromine 9°5 grams (3 c.c.), and water 50 c.c. The sugar 
was dissolved in water, the bromine added gradually with frequent 
shaking, and the temperature kept at 30—35° for several hours. 
The mixture having been kept over-night at room temperature, and 
oxidation found to be complete, the main bulk of the solution was 
aérated to remove the excess of bromine and concentrated to half 
its volume by evaporation in a vacuum. The hydrobromic acid 
was neutralised with lead monoxide at 35—40° and the solution, 
after filtration, was treated with silver oxide until neutral to 
litmus. The silver in the filtered solution was precipitated with 
hydrogen sulphide, and the filtrate from the sulphide was evaporated, 
dried in a vacuum, and extracted with ether. 

dextro-T'etramethyl Galactonolactone.—This was obtained from 
the ethereal extract above, as a pale yellow, mobile syrup from which 
the last traces of solvent were removed at 100°/10 mm, It was then 
twice distilled in a high vacuum in order to remove traces of 4 
high-boiling fraction. The tetramethyl lactone boiled at 110—- 
115°/0°5 mm. as a colourless, very mobilé oil. The yield of the pure 
substance from 7 grams of tetramethyl galactose was 5 grams. 
It had n}® 14571 [Found: C = 51:27; H = 7°57; OMe = 52°16. 
Calc. for C,H,0,(OMe),, C = 51:28; H=7:69; OMe = 534 
per cent.]. The product titrated as a lactone to alkali (0°176 


* T have to thank Dr. E. L. Hirst of St. Andrews for a generous supply of 
tetramethyl 8-methylgalactoside. 
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gram required 7°50 c.c. of 0°1N-NaOH; theory requires 7°56 
¢.¢.). 

The rotation of the tetramethyl galactonolactone was determined in 
aqueous solution (c = 1°202); [a], = + 106°71° after nine minutes, 
and this fell to ++ 16°76° after one day (+ 16°90° after six days). 


The expenses of this research were defrayed by a grant from the 
Medical Research Council. . 


Puysto.ocy InstrruTe, CARDIFF. (Received, May 18th, 1923.] 


(CII.—Metallic Hydroxy-acid Complexes. Part I. 
Cuprilactates. 


By Ian Wiixiam Wark. 


Tue general title “ Metallic Hydroxy-acid Complexes ”’ embraces 
many substances. It would appear that all «-hydroxy-acids are 
capable of yielding such complexes, and that most of the metallic 
multivalent elements may enter with them into these compounds. 
Many of the combinations are very stable, whereas others are just 
the reverse. In the literature, no reference has been found to 
complexes formed by acids of the aliphatic series other than those 
in which the hydroxyl and the carboxy] group are in the «-position, 
nor to any formed by univalent metals. 

This field of investigation overlaps, to a certain extent, the 
important one of the compounds formed between metallic oxides 
and the polyhydric alcohols. These compounds themselves may 
be connected in classification, through the alcoholic complexes of 
certain amphoteric oxides such as the tzrioxides of arsenic and 
antimony, with the complex acids formed between some acidic 
oxides and the alcohols, of which the best known member is, 
perhaps, “ boroglyceric acid,” which has proved so useful in the 
estimation of boric acid. Having traced a resemblance between 
the metallic complexes and those formed from acidic oxides, it is 
but a short step to couple both series with the more familiar group 
of compounds of the type of ammonium phosphomolybdate and 
the complex silicates. 

It will be necessary to assume that both acidic and basic oxides 
may enter into combination with the alcoholic hydroxyl group; 
in other words, this group is itself amphoteric. (This view seems 
pteferable to that in which the metallic hydroxides are regarded 
as playing the part of acids, though either alternative leads to the 
same structural formule.) Bearing this in mind, there is no need 
to regard boric acid and cupric hydroxide complexes as belonging 
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to essentially different types; they are of precisely similar structural 
types so far as the alcoholic group is concerned. 

The capability of any hydroxy-compound to form complexes 
with metallic oxides must depend on the acidity of the hydroxy] 
group. The more strongly this group functions as an acid, the 
more stable will the complexes be. Thus the aliphatic «-hydroxy. 
acids, whose alcoholic hydroxyl group is rendered fairly acidic by 
the close proximity of the carboxyl group, are capable of yielding 
stable compounds, whereas their isomerides among the @-hydroxy. 
acids, the hydroxyl group of which is much less acidic, are 
incapable of entering into.such complexes at all. In salicylic acid, 
however, the phenolic hydroxyl group, although in the £-position 
with respect to the carboxyl group, is yet sufficiently acidic to form 
complexes with copper hydroxide (Pickering, T., 1912, 101 174; 
Wolff, Ann. Chim. analyt., 1900, 5, 445). Mono-phenolic acids, in 
which the phenolic hydroxyl group is in the meta- or para-position 
with respect to the carboxyl group, and consequently is not so 
strongly acidic as in the isomeric ortho-series, are unable to form 
complexes (Weith, Ber., 1876, 9, 342). Weith claimed that all 
phenolic acids in which the hydroxyl and the carboxylic group 
are not in the ortho-position are unable to form copper complexes, 
but Pickering has shown that both gallic and catechuic acids do 
yield such derivatives. Weith’s generalisation is therefore too 
broad and one might suggest in its place the statement that only 
phenols and phenolic acids in which at least two of the carboxyl 
or phenolic hydroxyl groups are in the ortho-position yield com- 
plexes with copper hydroxide in the presence of alkalis. Possibly 
this statement will be incapable of withstanding the test of further 
experimental work, since, as pointed out above, the stability of 
the complex is determined as much by the acidity of the hydroxyl 
group as by its position. 

It will be advisable, at the outset, to consider briefly the com- 
pounds formed by the alcohols themselves, for, as will be shown 
later, some of those derived from the hydroxy-acids are best regarded 
as of exactly the same type, whereas others are probably of 4 
somewhat different nature. Boric acid yields some of the most 
stable and best known complexes with glycerol and other alcohols, 
and with some of the sugars. These are almost certainly esters, 
and Wohl and Neuberg (Ber., 1899, 32, 3491) have isolated a 
crystalline substance, KO-B(C,;H,O,),, which may well be regarded 
as the potassium salt of a complex “ boroglyceric acid,” * 
HO-B(0-C,H,0,)., in which glycerol has replaced two only of the 


* A better name for this acid would be glyceroboric acid, for its present 
name implies some connexion between it and glyceric acid, 
CH,(OH)-CH(OH)-CO,H. 


PART I. CUPRILACTATES. 1817 


three acidic hydrogen atoms of boric acid. This acid proves to 
be much stronger than boric acid itself and, with phenolphthalein 
as indicator may be satisfactorily titrated against potash. Such 
an increase in acidity usually accompanies complex formation. In 
fact, one can say almost with certainty that it always runs hand 
in hand with the building up of complex acids. Rimbach and 
Neizert (Z. anorg. Chem., 1907, 52, 397), finding that the conduc- 
tivities of mixtures of isohydric solutions of molybdic acid and 
certain hydroxy-acids were three times as great as would have 
been the case if no compounds were formed, drew the conclusion 
that complex acids had been produced which were very much 
stronger than either of their constituent acids. An application of 
this principle affords some explanation of the formation of the 
compound NaCuC,H,;O0, by dissolution of cupric hydroxide in 
glycerol made alkaline with caustic soda (Bullnheimer, Ber., 1898, 
31, 1453). This salt would be regarded, then, as the sodium 


derivative of the acid HO-CH,-CH< $42 >0. Its solution is 


strongly alkaline and, like those of all heavy-metal derivatives of 
the polyhydric alcohols, decomposes when heated. 

Among the metallic complexes, those of copper and antimony 
have received most attention. But no generally accepted scheme 
of classification has kept pace with the vast accumulation of 
experimental data. The simple alcoholic derivatives are notoriously 
unstable and difficult to crystallise, and those of the hydroxy- 
acids, although more stable and somewhat less difficult to handle, 
present such a large number of structural possibilities that up to 
the present no satisfactory general theory has been forthcoming. 
There is still doubt as to the structure of a compound so well 
known as tartar emetic, despite the many attempts which have 
from time to time been made to establish its constitution. Clarke 
and Stallo (Ber., 1880, 13, 1788) regard it as having a structure 
KO-Sb:C,H,0,, strictly analogous to that mentioned earlier in this 
communication for potassium glycerol-borate. Clarke and Evans 
(Ber., 1883, 16, 2386) proposed the formula 


KC,H,0,Sb<0>8b-0,H,0,K. 


Henderson, Orr, and Whitehead (T., 1899, 75, 542) suggested the 
structure KO,C-CH(OH)-CH(O-SbO)-CO,H. Yet none of these 
formule accounts for the dehydration at 200° (Schiff, Comp. rend. 
1862, 55, 511) whereby a substance is produced for which the only 
satisfactory formula is 


K0,0-7H-(H-GO 


O O 


\ gb7 
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Since it is only the alcohols and the hydroxy-acids which ar 
capable of forming such complexes, it is reasonable to assume that 
the hydroxyl group plays an active part in their formation. It 
is, however, very difficult, on the available evidence, to decide 
between the alternative formule. 

Pickering (T., 1909, 95, 1409, and in subsequent papers) pub. 
lished a large amount of pioneering work relating to the copper 
complexes and put forward the theory that copper plays the part 
of a quadrivalent element. 

Ley and other workers, in their classical researches on “ inner 
metallic complex ” formation, have been led to regard the copper 
complexes formed by the «-amino-acids as possessing the structure 
(I), in which the secondary valence of copper has been called into 
play in the formation of the five-membered ring with which they 
associate the stability, the low copper-ion concentration and con- 
ductivity, and the abnormally high colour of these cupric amino. 
complexes. Werner (“ New Ideas on Inorganic Chemistry,” 2nd § 
edition, Hedley’s translation, p. 223) has suggested that copper 
malate may have a similar structure (II). 


a 
Mh “ - ‘CH, CO 


| day 
6 ricuiy 

H,N——CHR 
The author has found, however, that in solution at any rate, cupric 
malate undergoes very little, if any, complex formation, for the 
cuprion concentration is not abnormally low (see following paper). 
Werner’s theory will be considered more fully (loc. cit.), but mention 
should be made here of the support given to his views by the work 
of Griin and Bockisch (Ber., 1908, 44, 3465) and of Tollens and 
Smith (Ber., 1900, 33, 1277), who claim that one molecule of 
certain polyhydric alcohols and sugars, for example, ethylene, 
glycol, glycerol, and fructose, is capable of replacing two molecules 
of the water of crystallisation in certain inorganic salts. This 
is taken as evidence that the hydroxyl groups of the alcohols 
may form complexes in which the grouping 


joux(6 ~ (on. = ‘CH,’ OH) | XeH,0 


occurs. Butit should be noted that compounds of this type display 
a greater stability than those which the alcohols form with heavy- 
metal oxides in the presence of alkalis, so that it is scarcely 
permissible to assume great resemblances between two such different 
series of compounds. 
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It will thus be seen that there are several rival theories, none of 
which has been applied to more than a few of the many similar 
compounds known to exist. It is proposed in this and succeeding 
communications to show how a simple application of the principles 
of primary valences leads to a satisfactory explanation of the 
properties of, and to a correlation between, all the compounds of 
this class. 

The metallic hydroxy-acid complexes are characterised by a 
low value of the concentration of the metallic ion in solution. A 
large series of acids exists in which a heavy metal occurs in the 
anion, the alkali-metal salts of which are neutral, do not oxidise 
glucose, and, in certain cases, are surprisingly stable. To the 
salts of acids of this type belong such compounds as tartar emetic 
and the neutral cupritartrates described by Masson and Steele 
(T., 1899, 75, 725). 

The author’s work in this field began with an investigation 
| which was undertaken with the object of elucidating the structure 
of the neutral cupritartrates and of the constituents of Fehling’s 
solution (Packer and Wark, T., 1921, 119, 1348). The latter 
contains salts of a second class of complex acid, in which the main 
characteristics are a strong alkalinity (high hydroxyl-ion concen- 
tration) of the alkali metal salts, which can themselves oxidise 
glucose, and being somewhat unstable, have a tendency to deposit 
the metallic hydroxide from solution, and also show a very much 
lower concentration of the metallic ion than do the corresponding 
neutral complexes (Kahlenburg, Z. physikal. Chem., 1895, 17, 577). 
During the progress of the work on the cupritartrates, it became 
obvious that, if satisfactory explanation and correlation of these 
compounds were to be achieved, it would be necessary to turn to 
some simpler acid than tartaric (a dibasic dihydroxy) acid, and 
initially to make a thorough study of some case more restricted in 
structural possibilities. It is expected that a general explanation 
of the constitution of the compounds will ultimately be reached 
and of the conditions underlying the stability of some, the 
instability of others, and how these depend on the number and the 
telative positions of the hydroxyl and carboxyl groups and on 
the nature of the metallic element. Up to the present, however, it 
has been deemed advisable to restrict the work to one metal— 
copper, and to study the complexes rather from the point of view 
of the hydroxy-acids first. 

Accordingly, the author turned first to the monobasic mono- 
hydroxy acids. The copper complexes formed by glycollic acid 
are rather unstable (Pickering, T., 1911, 99, 1347) and are unsuited 


to the work. Lactic acid was therefore selected, since it is the 
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next member of the simple series. The complexes derived from it, 
too, are rather unstable; some of them are described below. 

Malic acid (a dibasic monohydroxy-acid) and glyceric acid ( 
monobasic dihydroxy-acid) were then selected. Derivations 
these two acids are at present under investigation; an account 
of them will be communicated later. 


Cuprilactates. Their Formation, Properties, and Constitution, 


Jordis (Z. angew. Chem., 1902, 15, 906; 1904, 17, 41, 330), Moritz 
and Schneider (Z. physikal. Chem., 1902, 41, 129; Z. angew. Chem. 
1904, 17, 1143), Henderson and Prentice (T., 1895, 67, 1030), and 
Henderson, Orr, and Whitehead (loc. cit.) have described boron, 
arsenic, antimony, and molybdenum complexes formed by dis. 
solving the oxides of these elements in solutions of alkali metal 
lactates. One complex, which has been isolated in crystalline 
form by the last-mentioned workers, has a molybdenum content 
which agrees fairly well with that reyaired by the formuh 
(KC,H,0,),,MoO,. Evidence has been obtained, largely as the 
result of the optical measurements of Henderson and D. and J. 
Prentice (T., 1902, 81, 658; 1903, 83, 259), that the following 
compounds exist, M'"O,C,H,0,K, M‘'O,,(C,H,0,K),, where M” 
represents B, Sb, or As and M™ represents Mo or W. Moritz and 
Schneider claim to have isolated a compound with the formula 
SbO,Na,(C,H;05)3, and Dreher (D.R.-P. 149577) another of the 
composition Ti0,,4C,H;0,Na. 

Corresponding copper complexes were first mentioned in 1845 by 
Pelouze (Annalen, 1845, 53, 112) and subsequently by Strecker 
(ibid., 1847, 61, 216), and by Dossios (ibid., 1868, 146, 174). The 
last claims that d-lactic acid is incapable of yielding them. 

Henderson and J. Prentice adopted another method of prepat- 
ation of the tungsten complex, namely, by the interaction d 
sodium tungstate and lactic acid, and in this way obtained cot- 
firmation of their conclusions from the examination of the optical 
activity of a solution of tungsten trioxide in one of potassium lactate. 

Pickering (T., 1912, 104, 174) introduced a further method for 
the formation of these lactic acid complexes when he investigated 
the reaction between alkalis and copper lactate, but, owing to 4 
partial precipitation of the copper hydroxide before the solution 
became alkaline, he was unable to arrive at any conclusion as to 
the composition of the copper complexes, although he showed that 
about two molecules of caustic soda per atom of copper could be 
added without thereby rendering the solution alkaline to phenol: 
phthalein, whilst after the addition of one only, a precipitate was 
formed. 
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Working along the same lines as Pickering, the author has found 
that, if the precipitation of copper hydroxide be prevented by 
suitable means, one molecule of copper lactate will react with two 
of caustic soda to form a salt—neutral to litmus and phenol- 
phthalein—of a complex copper-containing acid. The addition of 
further caustic soda renders the solution strongly alkaline to these 
indicators. The copper-ion concentration (which is of the order 
10? in a copper lactate solution containing 1/20 gram-atom of 
copper per litre) falls from 10 in the neutral solution, containing 
the maximum quantity of alkali for neutrality, to 10-14 when the 
solution is made alkaline by the addition of a further small amount 
of alkali. 

There is little doubt that, in solution, a compound, 

Cu(C3H;05).,2Na0H 

or Cu(C;H,O,Na),, exists, and that the copper of this complex is 
present mainly in the anion. Since this compound is neutral, the 
sodium atoms must occupy positions in the carboxyl groups of the 
lactic acid nuclei, for if they replaced alcoholic hydrogen atoms, 
the resulting compound would certainly be alkaline. The com- 
pound probably has the structure Cu(O-CHMe:’CO,Na),, in which 
copper is represented as replacing the hydrogen atoms of two 
alcoholic hydroxyl groups. This explanation of the constitution 
is in agreement with that of Henderson and his collaborators for 
their molybdenum complex, O,Mo(O-CHMe:CO,K),. 

It is of interest to note that the compounds formed by salicylic 
acid—the analogous aromatic monobasic mono-hydroxy-acid—are 
of the same type. Weith (loc. cit.) and Pickering (loc. cit.) have 
shown that it is probable that the primary reaction occurs between 
one molecule of copper salicylate and two of caustic soda. 

It will be seen that on this view of their constitution the lactic 
acid complexes are regarded as being very closely related to those 
derived from the alcohols. In all compounds in which copper 
functions as a connecting link between two alcoholic hydroxyl 
groups, it is to be expected that hydrolysis will readily occur, 
for the hydroxyl group must be weakly acidic. Likewise, the 
corresponding boron complexes would be readily attacked by water, 
for the alcoholic hydroxyl group cannot be strongly basic. For 
this reason, most of the compounds formed between the alcohols 
themselves and either basic or acidic oxides would be hydrolysed 
lore or less readily, thus accounting for their known instability. 

Certain compounds, such as the salts of the tartar emetic type, 
the neutral cupritartrates, and the cuprimalates, which will be 
described in a later communication, exhibit a much greater stability, 
but in these it is highly probable that another type of linking 


1822 WARK: METALLIC HYDROXY-ACID COMPLEXES. 


occurs, the heavy metal functioning as a connecting link between 
hydroxyl and carboxyl groups. At any rate, it is possible to 
affirm that wherever the possibility of this type of linking occur, 
the complexes exhibit an unusual stability. Generally, this linking 
is not possible among the derivatives of the monobasic mono. 
hydroxy-acids, and certainly they are none too stable. 


EXPERIMENTAL. 


The Reaction between Sodium Hydroxide and Copper Lactate — 
The copper lactate was prepared from freshly precipitated copper 
hydroxide and lactic acid [Found : Cu = 22°8; C = 25:2; H = 5°, 
Cu(C3H;03).,2H,O requires Cu = 229; C=259; H=49 pe 
cent.]. Compare Engelhardt and Maddrell (Annalen, 1847, 63, 
84). 

On the addition of caustic soda to a solution of this salt, there 
is, at first, no precipitation of copper hydroxide and the solution 
remains neutral; the colour, however, deepens considerably. When 
the ratio of caustic soda (mols.) to copper (atoms) is about one— 
the exact ratio depending on the concentration of the solutions— 
cupric hydroxide begins to separate. As the amount of alkali is 
increased, more copper is precipitated, but much still remains in 
solution when the ratio 2NaOH:Cu is reached. At about this 
point the solution becomes alkaline to litmus and phenolphthalein, 
and if it be heated the whole of the copper will be precipitated as 
copper oxide. If still more alkali be added, the liquid will become 
strongly alkaline and there will be an intensification of its colour; 
it can then oxidise glucose, thus resembiing Fehling’s solution and 
other alkaline cupric solutions. 

Evidently, as in the case of the cupritarirates (loc. cit.), a salt 
of some complex acid, which will be called cuprilactic acid, is 
formed by the reaction between caustic soda and cupric lactate. 
Moreover, this acid must be a moderately strong one, since its 
sodium salt is neutral. But owing to the instability of the sodium 
salt, which readily breaks down into sodium lactate and cupric 
hydroxide, it is impossible to derive its composition from these 
simple experiments as was done in the case of the cupritartrates. 

Although sodium cuprilactate partly decomposes into sodium 
lactate and copper hydroxide, a certain amount of the latter dis- 
solves in a solution of the former. The reaction which results in 
the precipitation is therefore a reversible one, and the events 
occurring when caustic soda is added to a solution of copper lactate 
are represented by the equation 


Cu(CsH,;05). + 2NaOH —> Complex = Cu(OH), + 2NaC3H,0; 
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tween ff Asis to be expected, the addition of sodium lactate, whilst it cannot 
ble to § affect the complex, drives the second reaction to the left, or, what 
cours, | is the same thing, prevents the precipitation of copper hydroxide. 
inking § It is thus possible to prove that the ratio for neutrality is two 
mono. @ molecules of alkali per molecule of copper lactate, irrespective of 


whether the complex has been stabilised by the addition of excess 
sodium lactate or not. 

Attempts to Isolate certain Cuprilactates—All attempts to isolate 
sodium cuprilactate in a reasonably pure condition proved futile. H 
In solution, it is stable only in the presence of a large excess of ; 
sodium lactate. Addition of alcohol to an aqueous solution 4 
stabilised by the lactate is without apparent effect, but acetone 
causes separation into two layers, the lower one being rich in the 
cuprilactate. From it much of the simple lactate may be removed 
by repeated washings with dilute acetone, and finally, if most of 
the water be removed by a few applications of anhydrous acetone, : 
the whole mass, which has now become very viscous, will suddenly i 
crystallise. But the sodium cuprilactate so formed always contains 
a large proportion of colourless sodium lactate crystals, and 


™s~ § decomposition prevents purification by recrystallisation. 

ai hi Similar attempts to isolate the ammonium, potassium, and 
‘sf barium cuprilactates proved unsuccessful; the latter two decom- 
hey pose even more readily than the sodium salt. 

Pipe Unfortunately, too, none of the heavy-metal salts of cuprilactic 
© *% Ff acid is sufficiently insoluble in water to be precipitated by double de- 
o— composition between a solution of sodium cuprilactate, stabilised by 
our # means of sodium lactate, and a soluble salt of the metal in question. 
and It therefore appears that, owing to their instability, these neutral 
ie cuprilactates would be isolable only with great difficulty. Never- 
7" theless, some information concerning their properties in solution 
. seems worth recording. They are incapable of oxidising glucose, 


and in this property they show a resemblance to all other neutral 

copper-hydroxy-acid complexes. Hydrogen sulphide precipitates 

cupric sulphide from their solutions, and consequently there must 

be some slight concentration of copper-ions present. In order to 

obtain some idea of the degree of complexity of the compounds, 

it seemed desirable to measure this concentration. i 
Copper-ion Concentration.—Use was made of the Nernst formula, . 


E=EP + RT/nF . log. C; 


nts for copper at 18°, 


E = 0-606 + 0029 logy, C, 


where HZ volts signifies the potential difference between a copper 
electrode and a solution containing copper-ions at a concentration C. 
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The single copper electrode was connected, through a closed 
ungreased tap and a saturated potassium chloride solution, with 
a normal calomel electrode. All traces of oxygen were removed 
before the introduction of the copper electrode by bubbling oxygen. 
free nitrogen through the solution. The difference of potential of 
the combined cell was measured by the usual ‘“ compensation 
method.” As the measured difference was always small, the 
combined cell was connected first in series with, and then against, 
the standard Weston cell, and the mean of the two observed 
differences of potential adopted. 

Some difficulty was experienced in preparing copper electrodes 
which would give consistent values. When, finally, the following 
method was adopted, no trouble was found in obtaining electrodes 
which gave values agreeing to within one millivolt. The differences 
between electrodes which have been coated electrolytically with 
copper are usually ascribed to strains set up in the metal during 
electrodeposition. It seemed that the best way of removing these 
strains would be reversal of the current. Initially, half a dozen 
rods of pure copper wire were connected in parallel as the cathode 
in a solution of cupric sulphate acidified by sulphuric acid and 
containing a little alcohol, the anode being a pure copper rod, 
and a current of 1 milliamp./sq. cm. of cathode was passed for 
some hours. Three of the rods were then used as cathode and 
three as anode, and the current was reversed at frequent intervals 
for an hour or two. Occasionally one electrode would not become 
uniform with the others, even after this treatment; if the dis- 
crepancy was greater than a millivolt, the electrode was discarded. 

The single electrode potential differences were probably correct 
to within two or three millivolts. This error is unimportant in 
the determination of ionic concentrations by the Nernst method, 
since as a rule it is only the order of the concentration that is 
required. Nevertheless, a very small error in the determination of 
the potential difference leads to a much greater one in the final 
result. The following table shows the relation between an error 
of x millivolts in the measurement and the percentage error in the 
corresponding calculated ionic concentration. 


x 12 3 4 5 10 -—-1 -2 -3 -4 -5 -10 
Fercenteg? g 17 27 87 49 120 —8 —15 —21 —27 —33 —86 
The following table shows the effect of the addition of caustic 
soda on the cupric-ion concentration of a solution of copper lactate. 
All solutions were M/20 with respect to copper, and the temperature 
was 18°. 
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Closed} Molecules of NaOH Single electrode Copper-ion 
, With per mol. of Cu(C;H,O3;),. potential difference. concentration. 
: 0 0-545 volt 7-9 x 10° 
moved 0-10 0-546 ,, 8-5 x 10-8 
Xygen. 0-50 0-541 ,, 5-6 x 10° 
tial (a) 0-67 0-516 ,, 8:3 x 10+ 
Mal of 1-00 0-489 ,, 1-0 x 10+ 
Sation 2-00 0-441 ,, 2-4 x 10-6 
L th (b) has 0-306 ,, 5-0 x 1072 
_ 3-50 0-283 ,, 8 x 1072 
cal s 

a ; (a) A precipitate of copper hydroxide began to form at this stage. 


(b) These solutions were prevented from precipitating any copper by the 
addition of sufficient sodium lactate; the results are not therefore strictly 
comparable with the others. It will be seen, however, that the addition of 
the lactate was without any marked effect. 


It will be noticed that until all the copper lactate has been acted 
upon by the alkali, there is no very marked diminution in the copper- ; 
ion content, and that whereas the lactate gives a value of the order 
of 10-2, that for the complex is of the order 10°. Nevertheless, this 
small value is sufficient to give with the hydroxyl-ions present a 
value of [Cu’*] x [OH’} greater than the solubility product of 
cupric hydroxide, and therefore the latter is thrown out of solution 
uless retained by some artifice. 

In alkaline solutions, the concentration of the cupric-ion is very 
small, and at the same time there is a great intensification of the 
colour of the solution, which can now oxidise glucose. Very little 
copper will remain in solution unless there is a large excess of free 
sodium lactate present. 


od. Summary. 

rect 1. The compounds formed between the higher alcohols, the 

1 & sugars, and hydroxy-acids and certain acidic oxides on the one 

od, hand, and certain basic oxides on the other, are of the same 

1S & structural type, and the alcoholic hydroxyl group may function 

of Bf cither as a base or as an acid in their formation. 

nal 2. The metallic complexes are the more stable, the more strongly 

ror & the alcoholic hydroxyl group functions as an acid: this leads to 

he # an explanation why it is that only the «-hydroxy-acids in the 
aliphatic series and the ortho-phenolic acids in the aromatic series 
form such complexes. 

we 3. The reaction between caustic soda and copper lactate has 

55 been investigated and evidence adduced to support the view that 


a compound of the composition [Cu(O,H,C;),|Na, is formed. 
4. The degree of complexity, as estimated by the cuprion con- 
centration, has been measured. 


In conclusion, the author has much pleasure in expressing his 
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CCIV.—Metallic Hydroxy-acid Complexes. Part II. 
Cuprimalates. Their Formation, Properties, and 
Composition. 


By Ian WinuiamM Wark. 


ALTHOUGH comparatively little work has been carried out on the 
complex compounds of malic acid and cupric hydroxide, there is a 
fairly extensive literature dealing with those formed by other 
hydroxides—both basic and acidic. A short account of the mor 
important papers is now given. 

Glucinum complexes: Rosenheim and Itzig (Ber., 1899, 32, 
3433). Two series are described, monoglucinum-malates, 
M,0,2G10,2C,H,0,, and diglucinum-malates, M,0,4G10,(C,H,0,),0. 

Arsenic and antimony complexes: Henderson and Prentice (T,, 
1895, 67, 1030) and Henderson and Barr (T., 1896, 69, 1451). 
Unstable derivatives of antimoniomalic acid, 

CO,H-CH,°CH(O-SbO)-CO,H, 
are described. 

Boron complexes : Adam (Compt. rend., 1894, 118, 1274); Gross- 
mann and Wieneke (Z. physikal. Chem., 1906, 54, 385). From 
measurements of optical rotation the latter authors suggest that a 
complex NH,C,H;0;,HBO, exists. 

Thorium complexes: Rosenheim, Samter, and Davidsohn (Z. 
anorg. Chem., 1903, 35, 424). Sodium, ammonium, and potassium 
thoriomalates are described. Type, ThO(C,H,0;K)o. 

Uranium complexes: Itzig (Ber., 1901, 34, 3822) isolated the 
sodium salt of a complex uranomalic acid, 

CO,H-CH,*CH(OH):CO,Ur0,°OH. 

Molybdenum and tungsten complexes: Rosenheim and Bertheim 
(Z. anorg. Chem., 1903, 34, 442) and Rimbach and Neizert (ibid, 
1907, 52, 397) studied the conductivity of solutions of these com- 
plexes. Gernez (Compt. rend., 1889, 109, 151, 769; 1890, 110, 529, 
1365; 4411, 792), Itzig (Ber., 1901, 34, 2391), Grossmann and 
Kramer (Ber., 1903, 36, 1607; Z. anorg. Chem., 1904, 44, 50), and 
Grossmann and Pétter (Ber., 1904, 37, 85; Z. physikal. Chem., 1906, 
56, 577) worked on their optical activity. Henderson, Orr, and 
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Whitehead (T., 1899, 75, 542) isolated crystalline compounds 
belonging to the two series MoO,:C,H,0;M and MoO,(C,H,O;M)p. 

Cupric complexes : Grossmann and Loeb (Z. Ver. deut. Zuckerind., 
1908, 994) studied the effect of varying amounts of cupric sulphate . 
and caustic soda on the rotatory power of malic acid, and came to 
the conclusion that a complex sodium copper malate was produced. 
For this compound, they suggested the composition 

NaO,C-C,H,(OH):CO,Cu-OH. 

Pickering (T., 1912, 1041, 174), studying the action of caustic soda on 
a solution of normal cupric malate, found that one molecule of 
alkali per atom of copper could be added without thereby preci- 
pitating any cupric hydroxide or rendering the solution alkaline, 
and that the addition of further alkali produced alkalinity. From 
a very concentrated neutral solution of cupric malate in caustic 
potash, he obtained a fine, dark blue, crystalline solid which, after 
drying at 100°, contained 26°12 per cent. of copper and 16°76 per 
cent. of potassium (Cale. for CgH,0,,Cu,K,, Cu = 26:19; K = 16°11 
per cent.). 

Following the methods adopted in the analogous work on the 
cupritartrates and the cuprilactates, the author wished to investigate 
the reaction between caustic soda and the normal and acid malates 
of copper. Difficulties were encountered in the preparation of the 
latter salts, and it was not until a somewhat detailed study of the 
ternary system malic acid—cupric hydroxide—water had been made 
that it became possible to prepare them at will. 

A rather curious transformation occurs when the crystalline 
trihydrate of normal cupric malate is heated at 100°. It loses all 
three molecules of water of crystallisation, its colour meanwhile 
deepening to a bright lavender blue. Now the trihydrate has 
a colour very similar to that of ordinary copper sulphate, which, as 
is well known, loses its blue colour when dehydrated, and therefore 
it seemed probable that some deep-seated change must occur during 
the dehydration of the malate. This conclusion receives support 
from the fact that, in marked contrast with the normal cupric salts 
of organic acids, the product of dehydration is extremely soluble in 
water. A satisfactory explanation of this phenomenon is that, during 
dehydration, cupric malate undergoes an intramolecular rearrange- 
ment, “‘cuprimalic acid ” being formed according to the eqnation 
CuC,H,0; —> H-CuC,H,0,. 

In solution, measurements of copper-ion concentration and of the 
apparent molecular weight show that an equilibrium is quickly 
established between these two isomerides, the normal malate largely 
preponderating. Nevertheless, there is always present a sufficient 
concentration of hydrogen- and of cuprimalate-ions to give to the 
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solution some very characteristic properties not possessed by the 
copper salts of the simpler fatty acids. For instance, the solution 
is strongly acid to litmus and will remain so until one molecule of 
caustic soda per atom of copper has been added. This action ig 
simply one of neutralisation: NaOH + H-Cu0,H,;0; —> H,0+ 
NaCuC,H,0;. As the added alkali reacts with the small quantity 
of the acid which is present initially, some of the normal cupric 
malate changes into the acid in an endeavour to maintain the 
equilibrium between them. When sufficient alkali has been added, 
no cupric malate will remain and the solution will contain sodium 
cuprimalate only. 

A solution of acid cupric malate, Cu(C,H;0;),, behaves towards 
alkalis like a mixture of malic acid and normal cupric malate. On 
neutralisation, a mixture of the sodium salts of malic and cuprimalic 
acids is formed. 

Several of the cuprimalates have been isolated in a fairly pure, 
crystalline form. The alkali-metal salts are very soluble in water 
and their solutions exhibit no tendency to deposit copper hydroxide, 
Thus they are much more stable than the corresponding cuprilactates 
and of about the same degree of stability as the cupritartrates, 
Barium, silver, mercurous, and lead cuprimalates are much less 
soluble than the alkali-metal salts and are easily prepared by double 
decomposition. One of the most interesting compounds in this 
series is cupric cuprimalate, Cu(CuC,H,0;), or Cu,(C,H,0;)., first 
described by Liebig (Annalen, 1838, 26, 137), which has been 
regarded as a basic cupric malate up to the present time. 

The degree of stability of the cuprimalates may be judged from 
the value of the copper-ion concentration in N/20-solutions of the 
sodium and ammonium salts. This is of the order of 10-4, about 
1/100 of its value in a solution of cupric malate containing the same 
quantity of copper per litre. Molecular-weight determinations 
which have been made in solutions of various cuprimalates indicate 
that association occurs fairly generally. In more dilute solutions, 
the associated molecules break down to a certain extent. 


EXPERIMENTAL, 
A. The Ternary System Malic Acid—Cupric Hydroxide—Water. 


Several compounds belonging to this system have been mentioned 
in the literature (Liebig, loc. cit.; Pickering, loc. cit.; T., 1913, 108, 
1355; Hagan, Annalen, 1841, 38, 257; Traube, Z. Kryst. Min., 
1898, 31, 162; Luck, Annalen, 1845, 54, 117). 

In the present work, only three of these salts—Liebig’s salt, 
Hagan’s acid malate dihydrate, and Pickering’s crystalline normal 
malate—have been obtained from solution, but it is not claimed that 
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the work on the system is at all complete. Another compound, of 
the composition 2Cu(OH),,C,H,O;, is described in a subsequent 
section (D), but its field is not shown in the diagrams. In describ- 
ing the relationships between these compounds, it will be expedient 
to consider briefly the form of the isotherms of the ternary system 
at 15° and at 50°. No solubilities have been measured, so the 
diagrams are purely qualitative. Nevertheless, they do show why 
it is that, at the ordinary temperature, neither the normal nor the 
acid cupric malate can be purified by recrystallisation, a fact which 
was, at first, rather perplexing. 

Fig. 1 shows the form of the isotherm at 15°. a, 6, and c represent 
the three solid phases Cug(C,H,0;).,7H,O, CuC,H,0;,3H,O, and 
(u(C,H0;)2,2H,O, respectively. The solubilities of Liebig’s salt 


G 
G HeOQs 


and of the normal malate have been grossly exaggerated in the 
figures. 

Like many other hydroxy-compounds, these salts crystallise very 
slowly even from highly supersaturated solutions. Sometimes a 
week will elapse before the normal salt begins to crystallise, and 
“seeding ” does not hasten matters. A further complication arises 
| from the fact that a fungus growth sometimes forms on the surface 
of a solution exposed to the air. 

A solution of the acid malate may be represented by some point, 
d, on the line joining c and A. Evaporation will bring its com- 
position back along the same line to a point e where crystallisation 
will result in the formation of the normal salt. Thus the acid salt 
cannot be recrystallised from its own solution. Neither can the 
normal salt, as a glance at Fig. 1 will show. 

Fig. 2 shows the general features of the 50° isotherm. As the 
temperature rises, the solubility of the normal salt increases very 
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rapidly, and at the temperature of this isotherm it occupies no 
stable region. Thus, at this temperature, the acid malate will 
begin to crystallise from its own solution, and, once started, this 
process will continue at a lower temperature where it is not s0 
soluble, although, of course, the crystals are then metastable. 

The analytical figures are now given upon which the evidence 
for the existence of those compounds is based and some of the 
properties of the salts are discussed. 

Liebig’s salt forms small, green crystals which are only very 
slightly soluble in water. It is readily soluble in acids and in 
ammonia, to which it imparts an extremely intense colour. 
Attempts to induce crystallisation in this solution proved futile. 
The analysis of a sample dried to constant weight at 100° confirmed 
the composition which Liebig adopted [Found: Cu = 34°96; 
C= 1755; H=3-04. Calc. for Cu(CuC,H,0;).,5H,0, Cu = 35:14; 
C = 17°69; H = 2°97 per cent.]. 

Acid cupric malate crystallises in well-formed, pale blue plates 
which are much more soluble than Liebig’s salt. They retain their 
water of crystallisation at 105°. Analysis pointed to the composition 
Cu(C,H;0;).,2H,O (Found: Cu = 17:35; C= 2604; H = 427. 
Cale., Cu = 17:39; C = 26:25; H = 3°87 per cent.). 

Normal cupric malate crystallises in beautiful clusters of long, 
deep blue needles. It is difficult to estimate the solubility of this 
salt, but it must be fairly low. It dissolves so slowly at the 
ordinary temperature that before the solution becomes saturated 
Liebig’s salt will separate out. At higher temperatures, it dissolves 
with great rapidity and its solubility is high. Analysis showed it 
to be the trihydrate; figures for three different samples are quoted 
[Found : Cu = 25°49 (I), 25°47 (II), 25°47 (III) ; C = 19°58 (I), 19°46 
(II); H=415 (I), 4:12 (II); H,O= 21-21 (II), 21°65 (Il). 
CuC,H,0;,3H,O requires Cu = 2547; C=1922; H=44; 
H,O = 21°65 per cent.]. Water was estimated by heating the sub- 
stance to constant weight at 110°; at 120°, it begins slowly to 
decompose. The same dehydration occurs slowly over phosphor 
oxide in a vacuum desiccator (Found : H,O = 19:2 per cent.). 

A remarkable change occurs during the dehydration. The colour 
deepens and the product of dehydration is extremely soluble in 
water. At first it was thought that the apparent differences in 
solubility between this compound and the hydrate might be due 
to the extreme slowness with which the latter dissolves. But 
it was found that the anhydrous lavender-blue substance was 
very soluble in a solution from which the hydrate was crystal: 
lising. This seems to indicate that some profound chang 
accompanies dehydration, and from the colour and high solubility 
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of the anhydrous compound it is very probable that it is one of the 
typical complexes which contain copper in the negative radicle. A 
large series of complex salts of an acid of the same composition as 
this substance has now been isolated, and therefore, in view of its 
seemingly complex nature, it is only reasonable to regard it 
as the acid itself. Thus, in the sequel, it will be called cuprimalic 
acid, H*CuC,H,0;. 


B. The Reaction between Alkalis and Normal Cupric Malate. 


Either hydrated cupric malate or the isomeric cuprimalic acid 
may be used. The action of alkali on either, whether in solution 
or in the solid state, leads to the same products. The reaction is 
essentially one of neutralisation, any normal cupric malate present 
first changing into theacid and then undergoing neutralisation accord- 
ing to the equations CuC,H,O; — H-CuC,H,0,; and H-CuC,H,0, + 
NaOH —> NaCuC,H,0;+ H,O. The solution remains acid 
right up to the point of neutralisation and its colour deepens 
considerably during the addition of the alkali. Further addition 
of alkali renders the solution alkaline to litmus or phenolphthalein 
and there is an immediate precipitation of copper hydroxide. A 
large excess of dilute alkali throws most of the copper out of solution, 
but sufficient always remains to give to it a violet-blue colour. 
Very concentrated solutions of caustic soda may retain quite a lot 
of copper in solution, and, on standing, some crystals are deposited ; 
these have not yet been analysed. 

It may be demonstrated by Masson’s electrolytic method (Phil. 
Trans., 1899, 192, [A], 331) that the copper of the neutralised 
solution is mainly present in the negative ion. Some indication is 
given, too, of a blue kation, which moves away from the anode 
compartment. ‘This is presumably the copper-ion, and experi- 
ments which are described in a later section show that there is 
present a definite, although low, concentration of copper-ions. 
There is a precipitation of copper hydroxide around the cathode, 
due, no doubt, to the interaction between the neutral salt and the 
caustic soda which is liberated there. 


C. The Reaction between Alkalis and Acid Cupric Malate. 


Three molecules of caustic soda per atom of copper are necessary 
to neutralise a solution of acid cupric malate, and about one extra 
molecule may be subsequently added before the precipitation of 
copper hydroxide commences. At first sight, this appears to be an 
entirely different reaction from that of alkali on the normal malate. 
But it has been shown that the same sodium and barium salts may 
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be thrown out of either solution and it has been established that the 
reaction may be represented by the equation 

3Na0H + Cu(C,H,;0;), —> Na,C,H,0, + NaCuC,H,0;+3H,0, 
The acid malate, therefore, behaves as an equimolecular mixture of 
the normal malate and malic acid, the former requiring one and 
the latter two molecules of caustic soda for neutralisation. The 
free sodium malate produced during the reaction evidently opposes 
the precipitation of copper hydroxide formed by the reaction 

H,O + NaOH + (CuC,H,0;)Na —> Na,C,H,O, + Cu(OH),, 

and so it is possible to add some alkali after the point of neutralisa. 
tion is reached without thereby precipitating any copper hydroxide. 
The alkaline solution thus produced is of the intense violet-blue 
colour characteristic of all alkaline cupric solutions and, like Fehling’s 
solution, is able to oxidise glucose. (The neutral compounds never 
oxidise glucose and are of a paler colour.) 


D. Salts of Cuprimalic Acid. 


The production of sodium cuprimalate by the interaction between 
solutions of copper malate and caustic soda has already been 
described. Potassium and ammonium malates may be similarly 
prepared. The majority of the other cuprimalates are fairly soluble 


in water, and so it is not usually possible to prepare them by double 
decomposition. A few of the heavy metals do form comparatively 
insoluble salts in this way : barium, silver, lead, copper, and mercury 
(Hg"). Some of the others, for example, manganese, tin, and ferric 
iron, although their salts do not yield a precipitate with sodium 
cuprimalate, decolorise the solution, presumably by replacing, or 
partly replacing, the copper in the complex. An account of some 
of these cuprimalates follows. 

Sodium Cuprimalate—On the addition of absolute alcohol to a 
solution of sodium cuprimalate prepared as above, a separation into 
two liquid phases occurs. From the lower of these, which contains 
most. of the complex, the water may be removed by repeatedly 
washing it with absolute alcohol until finally it crystallises. It 
is not necessary to start with pure crystalline cupric malate. Instead, 
cupric carbonate or hydroxide may be dissolved in the right amount 
of malic acid solution, and the mixture neutralised by caustic soda. 
Often, however, the tricupric malate of Liebig will crystallise out 
before the alkali can be added, and the preparation is then lost. 

Better crystals may be obtained by adding alcohol or acetone to 
the point of an incipient cloudiness and keeping the solution for a 
week : at the end of this time, nearly all of the copper will have been 
deposited in the form of fine, deep blue crystals. Before analysis, 
the crystals were purified by recrystallisation and air-dried. ‘The 
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figures point to a composition NaCuC,H,0;,4H,O (Found: Cu = 
91°75, 21°68; Na =7°63, 765; C=1659; H = 3°83. Calec., 
(u= 21°94; Na=794; C1657; H=3°82 per cent.). 
Sodium was estimated as carbonate after ignition in an electric 
furnace at 650°. Copper was estimated either electrolytically after 
ignition, or its percentage was deduced from the weight of the 
residue from ignition (which consists of a mixture of sodium carbonate 
and cupric oxide) and the found sodium content. Carbon and 
hydrogen were estimated by combustion, the former in the presence 
of lead and potassium chromates, which, when fused, prevent the 
retention of carbon dioxide by sodium. The salt loses all four 
molecules of water at 120° (Found: H,O = 23°7. Calc., H,O = 
24°85 per cent.), and begins to decompose at 130°. 

Another method may be adopted for the production of the 
alkali metal cuprimalates. As much copper hydroxide as possible 
is dissolved in a solution of the desired alkali metal acid malate, 
when the following reaction takes place— 


Cu(OH), + MHC,H,O, —> MCuC,H,0, + 2H,0. 


Ammonium Cuprimalate—It has been mentioned that the 
attempt to prepare sodium cuprimalate is sometimes thwarted by 
the precipitation of Liebig’s salt during the preparation of a solution 
of the normal cupric malate. If the ammonium salt be desired, 
this precipitate is not fatal to the preparation, for it may be dissolved 
inan excess of ammonia. On removal of the excess of ammonia by 
heating on a water-bath, a pure solution of ammonium cuprimalate 
remains. Pure crystals separate out from such a solution to which 
sufficient acetone has been added to produce a slight cloudiness. 
Before analysis, the bright blue crystals were purified by recrystal- 
lisation, and, as they were deliquescent, were rapidly dried by 
acetone and ether (Found: Cu = 23°16, 23:10; N = 4°90, 4°81; 
C=1721; H=5:72. NH,CuC,H,0;,4H,O requires Cu = 22°33; 
N=492; C=1686; H=5°30 per cent.). Nitrogen was 
estimated as ammonia liberated by boiling the compound with 
alkali. All four molecules of water were lost at 110° (Found: 
H,O = 24°96. Calc., H,O = 25°31 per cent.). 

Ammonium cuprimalate also forms in large, sphericular aggregates 
of bright, needle-shaped crystals from a very concentrated aqueous 
solution. Usually it is contaminated with a little of Liebig’s salt 
when allowed to form in this way. 

Potassium Cuprimalate.—This salt cannot be induced to crystallise 
by adding alcohol or acetone to its aqueous solution. Like the 
potassium salt of many other complex cupri-acids, it passes into 
an emulsion instead. As a general rule, however, the potassium 
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salts are less soluble than the corresponding sodium salts and they 
may often be crystallised from a concentrated aqueous solution, 
Potassium cuprimalate readily crystallises, but, like the ammoniun 
salt, it is usually contaminated with crystals of Liebig’s salt. After 
drying at 100°, one sample, not so badly contaminated as mcst 
others, contained 28°0 per cent. of copper and 14°8 per cent, 
of potassium (KCuC,H,0; requires Cu = 27:2; K = 167 pe 
cent.). 

Barium Cuprimalate——This be may prepared as a pale blue, 
granular precipitate by double decomposition between solutions of 
barium chloride and sodium cuprimalate. Although sparingly 
soluble in cold, it is much more soluble in hot water and may be 
purified by recrystallisation. For analysis, a sample was recrys. 
tallised twice and air-dried. (The exact estimation of the water of 
crystallisation was unimportant, since the object of the work was 
to examine the constitution of the compounds rather than their 
individual characteristics. Accordingly, it was unnecessary to 
take any elaborate precautions in drying the compounds.) Analysis 
indicated a composition Ba(CuC,H,0;).,7H,O, but it is possible 
that the number of water molecules may be one more or less than 
7 (Found: Ba = 20°35, 20°90; Cu = 19°32; C = 14°67; H = 3:33; 
H,O = 176. Calc., Ba = 21:06; Cu = 19°48; C=14°71; H= 
3°10; H,O = 19°3 per cent.). Barium was estimated as sulphate, 
first on the pure salt, and again after ignition. Copper was estimated 
electrolytically after ignition. In the estimation of carbon, 
admixture with lead and potassium chromates prevented the 
retention of carbon as barium carbonate. Water was estimated by 
heating the salt to constant weight at 120°; at 130°, decomposition 
proceeds slowly. 

Silver Cuprimalate-—This salt may be prepared by double 
decomposition between solutions of sodium or ammonium cupr- 
malate and silver nitrate. It forms pale blue granules which are 
soluble in excess of the cuprimalate and darken when exposed to 
light. For this reason the salt was prepared in artificial light; it 
then proved to be perfectly stable when kept for some months ina 
darkened place. 

In the analysis, silver was estimated as chloride after the com- 
pound had been ignited, and copper electrolytically after removal 
of the silver. It is not possible to estimate satisfactorily the amount 
of water of crystallisation, for the compound is decomposed by heat 
before all the water is expelled. The figures showed it to bea 
dihydrate (Found: Ag = 33:0; Cu=179; C=142; H=1%. 
AgCuC,H,0,;,2H,O requires Ag = 319; Cu=188; C= 142; 
H = 2'1 per cent.). 
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Lead Cuprimalate-—This compound, which may be formed by 
double decomposition between solutions of sodium cuprimalate and 
lead acetate, resembles the silver salt in appearance and, like it, is 
soluble in excess of sodium cuprimalate. It is not sufficiently 
soluble in water to enable it to be purified by recrystallisation, 
and for analysis the precipitate was merely washed with hot water 
and then air-dried. The lead content is considerably higher and 
the copper content is much lower than the amounts that would 


blue, correspond with the formation of a simple cuprimalate. It is 
yrs: of suggested that the lead has partly replaced the copper of the complex 
ringly Hin (Found: Pb=41'8; Cu=11-7; C=122; H=17 per 
ay be & cent. for which the ratio Pb: Cu:C: H = 1:00 :0°92:5°05:8°4. Ifa 
Bi simple cuprimalate had been formed, the ratio would have been 
T 0 


1:2:8: 2). 
It is of interest to note that Masson and Steele, in their work on 
the cuprotartrates (T., 1899, 75, 725), found a similar high lead 


Y 8 content : they ascribed it to adsorption effects. 

aly = Cupric Cuprimalate—As was pointed out earlier, Liebig’s tricupric 

ps malate is the copper salt of cuprimalic aid. Its low solubility 
an 


dominates the chemistry of the cuprimalates, giving to them an 
instability which somewhat overshadows their great stability in 
another respect, namely, that, like the «-cupritartrates, their solutions 
have no tendency to deposit copper hydroxide. It is easily seen 
why this salt so readily forms in solutions of normal cupric malate 
orany of the soluble cuprimalates. As has been already emphasised, 
a solution of normal cupric malate changes partly into the isomeric 
cuprimalic acid, so that both cupric (Cu"’)and cuprimalic (CuC,H,0;)’ 
ions will be present. Both of these ions are also present in a solution 
of sodium or ammonium cuprimalate. In either case, if the con- 
centration be sufficiently high, the solubility product of cupric 
cuprimalate, a very insoluble salt, may be exceeded and then 
precipitation results. 

The law of mass action also affords an explanation of why it is 
that this compound is soluble in malic acid. The following equations 
will serve to make the point clear. 
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Cu(CuC,H,0;). == Cu(CuC,H,0;), == Cu™ + 2CuC,H,0,’ (1) 
(solid) (dissolved) 


H,-C,H,0, == C,H,0,”+2H’. . . (2) 
Cu + C,H,O,” == CuG,H,O,. . . . . (3) 
2H + 2CuC,H,O,’ == 2HCuC,H,O,;. . . . (4) 


If to a saturated solution of Liebig’s salt, which will contain a 
certain concentration of both cupric and cuprimalic-ions (1), matic 
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acid be added (2), there will be formed a quantity both of cupric 
malate and of cuprimalic acid (equations 3 and 4). One of these 
reactions will reduce the concentration of the cupric-ion and the 
other that of the cuprimalic-ion, and accordingly more of the solid 
will dissolve in an endeavour to maintain its solubility product 
constant. 

Accepting this view of the nature of Liebig’s salt, one would 
expect it to form by double decomposition between solutions of 
cupric sulphate and sodium cuprimalate according to the equation 
CuSO, + 2NaCuC,H,0; —> Na,SO, + Cu(CuC,H,0;),. When 
solutions were mixed in the proportions required by this equation, 
there was no immediate precipitate, but on boilling, or on keeping 
the solution for some time, bluish-green crystals were deposited. 
These resembled Liebig’s salt in appearance and, like it, were 
soluble in excess of cuprimalate. But analysis of a sample dried 
at 100° showed it to be a basic salt containing more copper than 
Liebig’s salt. A second sample was obtained using ammonium 
instead of sodium cuprimalate; the analyses of the two samples are 
marked I and II, respectively [Found : Cu = 40°75 (I), 40°69 (II); 
C = 15°60 (I), 15°24 (II); H = 2°8 (I), 2°4 (II). 

Cu(CuC,H,0;).,Cu0,5H,0 
requires Cu = 40°85; C = 15°43; H = 2°6 per cent.]. 

Cuprimalic Acid—It has been contended that cuprimalic acid 
is formed in the solid state by the dehydration of a hydrate of 
normal cupric malate. An attempt was made to prepare it in 
solution by the action of sulphuric acid on a suspension of barium 
cuprimalate, care being taken that there was no excess of the 
mineral acid. A deep blue solution was obtained which was acid 
to litmus. The solution could be neutralised by alkalis and then 
gave a precipitate of the original cuprimalate with a solution of 
barium chloride. The solution was in every way identical with 
one of the lavender-blue acid itself or with one of normal cupric 
malate. All three deposit crystals of Liebig’s salt on standing; 
this enriches the solution in malic acid, and after a time, the 
normal malate will separate out too. 


E. Molecular Weights. 


The cryoscopic method was used. The freezing points of the 
aqueous solutions were probably correct to within 0°005°. This 
figure corresponds with an error of about 15 units in the more dilute 
solutions used. In the table, a = gram-atom of copper per litre, 
A = depression of freezing point, and m= apparent molecular 
weight. 
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Ammonium 
cuprimalate. Sodium cuprimalate. Cuprimalic acid. 
M = 212-6. M = 217-6. M = 195-6. 

a. A. m. a. A. m. a. A. m. 
00500 0-120° 167 0-05 0-108° 188 0:05 0-069° 264 
00875 0-170 203 0-10 0-218 187 0-10 0-119 306 
0:262 0-498 206 0-20 0-390 208 0:20 0-185: 394 
0-392 0-770 202 * 0:50 0-932 218 0-50 0-382 477 

(0-10) (0-111) (328) 


The values obtained for the two salts point to a partial association 
among the cuprimalate-ions. Were no such association to occur, 
ionisation of these salts would certainly give rise to much lower 
values of the apparent molecular weights. Association is much 
more advanced in concentrated than in dilute solutions; N/20- 
solutions show a considerably lower value than N /2-solutions. 

The figures enclosed in brackets were obtained using a solution 
of normal cupric malate instead of the acid. Their nearness to the 
corresponding values for cuprimalic acid indicates that these 
compounds yield identical solutions, a conclusion which is thoroughly 
confirmed by the measurements of the concentrations of the copper- 
io which are described in the next section. In concentrated solu- 
tions especially, there is a high degree of association. Tower (J. 
Amer. Chem. Soc., 1902, 24, 1012) observed similar high molecular 
weights in solutions of nickel and cobalt malates, and correspondingly 
low conductivities. 


F. Copper-ion Concentrations. 


The method of making the measurements has been described in 
the preceding paper (p. 1815). The temperature used throughout 
was 18°. 

Normal Cupric Malate—Table I shows the values obtained for 
solutions containing various concentrations of cupric malate. 
arepresents the degree of dissociation of cupric malate into copper- 
ions. 

TABLE [. 


Single electrode 


Grm.-atom Cu potential diff. Copper-ion 
per litre. (volt). conc. X 10%. a per cent. 
0-05 0-552 1-4 28 
0-10 0-552 1-4 14 
0-20 0-555 1-7 8-5 
0-25 0-551 1-3 5:2 


It was impossible to obtain figures for higher concentrations than 
those recorded, because Liebig’s salt was too readily deposited, or 
for lower concentrations, because the conductivity became so low 
that accurate measurements could not be made. 
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Ionisation increases so much with dilution that 1/4M/- and 1/204. 
solutions contain practically the same copper-ion concentration, 
The figures support the conclusion that in concentrated solutions 
associated molecules are numerous and that these loose combinations 
break down in more dilute solutions. 

Sodium and Ammonium Cuprimalates.—Table IL shows the effect 
of dilution on the copper-ion concentration of sodium cuprimalate, 


TaB_e II. 
Sodium cuprimalate. 


Gm.-atom Cu per litre 0-05 0-10 
Single electrode pot. diff. 0-486 0-483 
Copper-ion cone. x 10° . 5:7 


It will be seen that whilst the concentration has increased tenfold 
the number of copper-ions has actually decreased threefold. These 
figures support the view, previously expressed, that association is 
more advanced in concentrated than in dilute solutions. 

The single electrode potential difference in a solution of the 
ammonium salt containing 0°05 gram-atom of copper per litre is 
0-491 volt, corresponding to a copper-ion concentration of 
1:08 x 10. 

Cuprimalic Acid.—The copper-ion concentration of a solution of 
sodium or ammonium cuprimalate containing 0°05 gram-atom of 
copper per litre is of the order 10°*. That for a solution of normal 
cupric malate containing the same amount of copper per litre is 
1°5 x 107%, and an identical value was obtained for a solution of 
cuprimalic acid of equal concentration. Hence, it is concluded that 
these two isomerides yield identical solutions, and, further, that in 
the equilibrium mixture the malate must predominate. 

Influence of Alkali on the Copper-ion Concentration of Copper 
Malate.—Table III shows the effect produced on the copper-ion 
concentration by the addition of sodium hydroxide to a solution of 
normal cupric malate. All solutions contained 0°05 gram of copper 
per litre, unless otherwise indicated. 


TABLE III. 


Single Single 
Ratio electrode Ratio electrode 
NaOH : pot. diff. Copper- NaOH : pot. diff. Copper- 
CuC,H,0,. (volt). ion cone. CuC,H,0,. (volt). 
0 0-554 “6 x 10° (a) 1-00 0-490 
0-25 0-537 - (b) 1-03 0-456 
0-50 0-526 . (c) 1:25 0-386 
0°75 0-519 . (d) 2-00 0-365 
0°92 0503 : 
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(a) This solution was prepared from pure sodium cuprimalate. 
(b) Slightly alkaline. (c) Alkaline. Contained 0°75 gram-atom of 
copper per litre. (d) Alkaline. Practically all the copper had been 
precipitated as hydroxide, but sufficient remained in solution to 
give a slight precipitate with hydrogen sulphide. 

As caustic soda is added to the solution of cupric malate, the 
concentration of the copper-ion falls from 10 to 10 during 
neutralisation. As soon as the solution becomes alkaline there is 
a further marked fall in the cuprion content. Further, since no 
great quantity of copper remained in the solution marked (d), it 
will be seen that the reaction 

H,O + NaCuC,H,0, + NaOH —*> Cu(OH), + Na,C,H,0; 
occurs almost quantitatively. 

Influence of Potassium Chloride on the Copper-ion Concentration of 
Normal Cupric Malate—It is of interest to compare the above 
results with those obtained on addition of potassium chloride to a 
solution of normal cupric malate (Table IV). 


TABLE [V. 
Single Single 

Ratio electrode Ratio electrode 

KCl: pot. diff. Copper- KCl : pot. diff. Copper- 
CuC,H,O,. (volt). ion conc. CuC,H,0,. (volt). ion conc, 

0-552 14x 10% 2-00 0-499 20x 10+ 
0-50 0-531 2-6 x 10° 4-00 0-483 5-8 x 10% 
1-00 0-515 7-3 x 10+ 

At first, potassium chioride is almost as effective as caustic soda 
in reducing the copper-ion concentration. In greater amounts, it 
has not nearly so much influence. It is probable that some complex 
formation is responsible for this reduction in the concentration of 
copper-ions. The figures show clearly why it was so essential to 
prevent diffusion into the electrode vessel while the potential 
difference measurements were in progress. 

Other Measurements.—For comparative purposes it is interesting 
to tabulate some of these results along with those obtained for a 
few other compounds. Sodium «-cupritartrate was described in an 
earlier paper (Packer and Wark, T., 1921, 119, 1348). All 
solutions contained 1/20 gram-atom of copper per litre and all 
Measurements were made at 18°. 


TABLE V. 


Single electrode 

Compound. pot. diff. (volt). Copper-ion conc. 
Sodium cuprimalate (NaCuC,H,0;) -486 73 x lo? 
Ammonium cuprimalate (NH,CuC,H,0,) 1-08 x 10 
Cuprimalic acid (HCuC,H,0,) 55: 15 x 10° 
Normal cupric malate (CuC,H,O,) ‘555 15 x 10% 
Sodium a-cupritartrate (Na,Cu,C,,H,O,,) “4 93 x 10° 
Acid cupric malate (Cu[C,H,O;].) 1-2 x 107 
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Summary. 


(1) The system copper hydroxide—malic acid—water has been 
partly investigated at 15° and at 50°, and the following compounds 
have been described. An acid cupric malate, Cu(C,H,;0;),,2H,0; 


a normal cupric malate, CuC,H,0;,3H,0; and tricupric malate orf) 


cupric cuprimalate, Cus(C,H,0;).,7H,O. 

(2) It has been shown that the dehydration of normal cupric 
malate is accompanied by the formation of an isomeride, cuprimalic 
acid, HCuC,H,0;. 

(3) The following salts of cuprimalic acid have been isolated: 
sodium, NaCuC,H,0,,4H,O; ammonium, NH,CuC,H,0,,4H,0; 
barium, Ba(CuC,H,0;).,7H,0; silver, AgCuC,H,0;,2H,0; 
potassium; lead; cupric cuprimalate, Cu(CuC,H,0;),,7H,0, 
mentioned in (1) above, and a basic cupric cuprimalate, 

Cu(CuC,H,0;).,Cu0,5H,0. 

(4) Measurements of molecular weight in aqueous solutions of 
sodium and ammonium cuprimalates, of cuprimalic acid, and of 
normal cupric malate indicate a partial association in concentrated 
solutions. 

(5) The concentration of the copper-ion in solutions of some of 
these compounds has been measured. The value in solutions ¢ 


sodium and ammonium cuprimalates is of the order 10 when the 
total copper-ion content is 0°05 gram-atom per litre. Cuprimalic ff 
acid and normal cupric malate yield identical solutions in which # 
the value is 15 x 10; this solution contains an equilibrium §] 
mixture of the two, the normal malate predominating. 

The constitution of the cuprimalates will be considered in a later 
communication. 


The author has much pleasure in expressing his thanks to Professo! 
Donnan for his kind advice and assistance, and to the Royal Con 
missioners of the Exhibition of 1851 for a scholarship which his 
enabled him to carry out the work. 
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(CV.—The Absorption Spectra of the Vapours of 
Various Quinones. 


By Joun Epwarp PorvIis. 


Taz absorption spectra of solutions of p-benzoquinone have been 
described by Baly and Stewart (T., 1906, 89, 502). They state that 
the absorption of this substance in an alcoholic solution is different 
from that observed by Hartley, Dobbie, and Lauder for the aqueous 
solution (Brit. Assoc. Report, 1903, 126). The latter observers 
found two bands with heads at frequencies of 3400 (4 294) and 
4050 (4246). In an alcoholic solution, Baly and Stewart observed a 
band the head of which was at 2100 (A 475). As this band occurs 
in the visible regions of the spectrum (F is at 4 486 in the green, 
and G at 2 4307 in the blue), it was claimed to be the true origin 
of the colour of the substance. Baly and Stewart also found a 
band, in about the same regions, in a solution spectrum of tolu- 
quinone, p-xyloquinone, and thymoquinone, respectively. 

Stewart and Baly (T., 1906, 89, 618) found three bands in an 
aqueous solution of p-benzoquinone. The head of the middle band, 
at about 1/2 3407 (A 294), occurs in an alcoholic solution, but it 
appears merely as an extension of the spectrum and not as a true 
band. This band was also found in various substituted quinones. 
The least refrangible of the three solution bands in p-benzoquinone 
becomes, in chlorobenzoquinone, a merely slanting line between 
4500 and A 384; in 2 : 6-dichlorobenzoquinone, the line approaches 
more nearly to the general curve; and in trichlorobenzoquinone 
there is no measurable band. At the same time, the most refrangible 
band steadily increases in size as the least refrangible diminishes. 

The absorption spectra of the solution and the vapour of p- 
benzoquinone have been described and compared by Hartley and 
leonard (T., 1909, 95, 34). The vapour at various temperatures 
from 17° to 147° exhibited twenty-seven bands, although all these 
bands were not visible at any one temperature. The bands ranged 
between 2 4383 and A 2343, and were divided into three groups 
corresponding to the three solution bands. 

The author has made a more complete investigation of the 
absorption of the vapour of p-benzoquinone, and has compared 
this with the vapours of toluquinone, p-xyloquinone, thymoquinone, 
dichlorothymoquinone, and dibromothymoquinone. The vapours 
of «-naphthaquinone and anthraquinone were also investigated. 

In previous papers published in the Journal, the author has shown 
that, generally, the numerous vapour bands of a substance disappear 


in the more complex derivatives as the number and type of the 
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substituting elements and radicles increase. In the present inves. 
tigation, he has tried to show (1) whether such a rule holds good 
in p-benzoquinone and some of its derivatives, and (2) whether 
there is any difference in the appearance and arrangement of the 
vapour bands into which the three solution bands break up. 

The experimental conditions have been described in previous 
communications. In the visible regions and just beyond, in the 
more refrangible parts, a Welsbach incandescent light was used, 
and a condensed cadmium spark for the ultra-violet regions. Each 
substance was introduced into a 200 mm. tube with quartz ends, 
which was then filled with dry carbon dioxide before adjustment 
in the sand-bath. 

p-Benzoquinone.—The three solution bands of this substance ar 
at about 2 475, » 294, » 246 (Baly and Stewart, loc. cit.). The 
200 mm. tube containing the substance was heated in a sand-bath 
between the temperatures of 15° and 198°, and at varying pressures 
between 760 mm. and 940 mm. at interval temperatures of 10°. 
The rays were allowed to pass through the vapour for ten, fifteen, 
or thirty seconds, so as to bring out the bands of varying intensities. 
The weaker bands, of course, appeared at the higher temperatures 
and at the longer exposures. Between about A 490 and 4 37) 
there were about forty bands counted. These were divided into 
five stronger groups, and between each pair of these there wer 
two sets of weaker bands. Each of the five stronger groups was 
divided into four—the two outside ones being weaker than the 
two middle ones, and the more refrangible of the latter was slightly 
weaker than its neighbour. These stronger groups were not all of 
equal strength—the three inner groups were stronger than the 
two outer ones—and the constituents of the latter were not % 
easily made out as those of the stronger ones. Each of the groups 
of weaker bands, lying between the stronger groups, appeared to 
be made up of at least two narrow bands—the stronger groups 
showed three constituents. Here, also, the outside groups wele 
weaker than the inside ones. A much greater dispersion will be 
necessary to separate these bands more exactly. Meanwhile, 
Fig. 1 gives some account of these phenomena. It is doubly 
enlarged from an original photograph. The photographs show, 
therefore, that the solution band at 4 475 splits up into at least 
forty vapour bands of different intensities and arrangement. Be- 
tween 2 305 and 257 there are sixteen bands. They are alternately 
strong and weak, and some of the stronger ones show doubtful 
signs of further division. A much wider dispersion is required to 
make this separation more assured. Fig. 2 is an enlarged rept 
duction of an original photograph, and shows some Of the band: 
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Be- temperatures, 
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fairly well. The solution band at 4 294 divides, therefore, into a 
number of vapour bands, and these occur on the less refrangible 
side of a wider absorption which appears as the amount of vapour 
in the tube is increased at the higher temperatures. These bands 
are different in appearance and arrangement from those occurring 
between 2 490 and A 370. 

Between 4 255 and d 230 there are ten vapour bands, and these are 
on the less refrangible side of a wider absorption. They are wider 
and more diffuse than the preceding groups of bands. They are 
alternately strong and weak, although the difference is not very 
marked. They do not show any signs of further division. Fig. 3 
shows some of these bands enlarged from an original photograph. 
They are different in appearance and arrangement from the vapour 
bands between A 4900 and 4 3700. They are more comparable with 
those between 4 300 and 2265; but the latter are a little stronger and 
sharper. The total number of observed bands, therefore, in the 
vapour of p-benzoquinone is sixty-eight, lying between 490 and 
282, and these are divided into three groups corresponding to the 
three solution bands. Hartley (loc. cit.) has endeavoured to correlate 
fifteen vapour bands between 2527 and 22343 with bands, or pairs 
of bands, in the vapour of benzene in the same regions. Such a 
comparison is not strictly correct. The bands of p-benzoquinone 
have not the narrowness and comparative sharpness of the benzene 
vapour bands. They are more like the seven solution bands of 
benzene in these regions. 

Toluquinone.—The vapour was investigated at gradually increas- 
ing temperatures between 8° and 200°, and 760 mm. and 940 mm. 
pressure, at interval temperatures of 5° and 10°, and with varying 
times of exposure of the photographic plate. Between 2490 and a 380 
there appeared ten groups of bands alternately weak and strong. 
and weaker than the bands of p-benzoquinone in these regions. 
The less and the more refrangible bands were very weak. Each 
group showed doubtful signs of division into two constituents, but 
a higher dispersion will be required to substantiate this more 
clearly. These bands correspond to the solution band, the head of 
which is at 1454. Between A 345 and 2 310 there are six groups of 
bands, which are not unlike the bands of p-benzoquinone in appear- 
ance in this region, but they are much weaker and not quite in the 
same position. The less refrangible bands occur on the less 
tefrangible side of a wider absorption which appears at the higher 
temperatures and pressures. These narrow bands correspond to 
the weak solution band described by Baly and Stewart as an 
extension of the general line of absorption between about A 335 


and 4 277. 
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Between A 256 and \ 235 there are four very weak, wide, and 
diffuse bands similar to those in p-benzoquinone, but much weaker 
and not quite in the same position. They correspond to the weak 
solution band the head of which is at 4 270 and A 243. 

p-Xyloquinone.—The vapour was subjected to gradually increasing 
temperatures between 40° and 250°, and 760 mm. and 970 mn, 
pressure, in the 200 mm. tube, at intervals of from 5° and 10°. 

At temperatures between 180° and 250°, there were ten bands in 
the regions between 2 470 and 370 on the less refrangible side of 
a larger band. These were very weak and diffuse and alternately 
weaker and stronger. They have some resemblance with the 
bands of 2: 5-toluquinone, but they are more diffuse and weaker, 
They correspond to the weak solution band the head of which is 
at 4 434 (Baly and Stewart, loc. cit.). 

At 100° and 820 mm., the cadmium rays were continuous but 
weak between A 325 and A 275 and then transmitted to 254. 

At 120° and 835 mm., only the stronger cadmium lines between 
2% 325 and A 265 were visible and then the rays were transmitted 
to A 258. 

At 140° and 850 mm., the cadmium rays were absorbed from 
’ 335. 

At 180° and 870 mm., the cadmium rays were absorbed from 
a 340. 

There was no trace of any of the narrow bands found in thes 
regions in benzoquinone and toluquinone. This large band come: 
sponds to the weak solution band indicated by the line of general 
absorption being extended between about A 335 and A 285 (Baly 
and Stewart, loc. cit.). 

At 40° and 760 mm., the cadmium rays were continuous to 
a 2120. 

At 50° and 770 mm., these rays were weak between A 250 and 
4 233 and then transmitted to a 210. 

At 55° and 775 mm., the rays were absorbed between 2 252 and 
a 232 and then transmitted to 214. 

At 60° and 780 mm., the rays were absorbed between 253 and 
4 227 and then the stronger cadmium lines transmitted to 2 214. 

At 70° and 790 mm., the rays were absorbed between A 254 and 
2 218 and then the stronger cadmium lines transmitted to 2 213. 

At 80° and 800 mm., the rays were absorbed from 2 256. 

Again there was no trace of any of the weak diffuse bands found 
in quinone and in toluquinone in these regions. This vapour band 
corresponds to the solution band the head of which is at 2 24 
(Baly and Stewart, loc. cit.), 

Thymoquinone.—The vapour was investigated between 35° and 


THE VAPOURS OF VARIOUS QUINONES. 1845 


990°, and 760 mm. and 925 mm. pressure, at gradually increasing 
temperatures and pressures, as in the preceding experiments. At 
temperatures between 150° and 200° there are eight bands between 
1470 and 2 390 occurring on the less refrangible side of a larger 
band which appears at the higher temperatures. They are divided 
into groups and are not unlike the bands of p-xyloquinone described 
above, but they are much more diffuse and weaker. They correspond 
to the solution band, the head of which is at 4 454. 

At 90° and 790 mm., the rays were weak between A 315 and 
1280 and then transmitted to about 2 256. 

At 100° and 800 mm., the rays were absorbed between about 
1320 and 4 280 and then transmitted to about 4 260. 

At 190° and 880 mm., the rays were absorbed between A 330 
and 4 275 and then transmitted to 270. 

There was no trace of any narrow diffuse bands, and this large 
band corresponds to the weak solution band indicated by an exten- 
sion of the line of general absorption between A 335 and A 289 
(Baly and Stewart, loc. cit.). 

At 35° and 760 mm., the rays were weak between 247 and 
1232 and then transmitted to 2 213. 

At 40° and 765 mm., these rays were almost completely absorbed 
between A 250° and A 228, and then transmitted to A 215. 

At 50° and 775 mm., the rays were absorbed between 4 253 and 
1220, and then transmitted to 1 214. 

At 60° and 785 mm., the rays were absorbed from \ 255. 

At 70° and 795 mm., the rays were absorbed from 256. 

Again there was no trace of any resolution of this large band 
into a series of narrower bands, and in this respect it compares 
with xyloquinone. The band corresponds to the solution band 
the head of which is at 4 250 (Baly and Stewart, loc. cit.). 

Dichlorothymoquinone.—The vapour of the substance was inves- 
tigated between the temperatures of 60° and 240°, and 760 mm. 
and 940 mm. In the visible regions there were no bands at the 
highest temperature in the more refrangible parts of the visible 
spectrum. The rays were transmitted to about d 500, that is, as 
far as the plates were sensitive. ‘There was no trace of any of the 
bands found in thymoquinone in these regions. No solution band 
in this region has been described by Stewart and Baly (loc. cit.). 

At 200° and 900 mm., there is a weakening of the transmitted 
tays between about 2 355 and 2 305, and then the rays are trans- 
mitted to 4 280. 

At 220° and 910 mm., the rays are nearly all absorbed between 
1365 and 4 300, and then feebly transmitted to 4 288. This band 
corresponds to the weak solution band at A 344. 
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At 80° and 770 mm., the rays are weak between about 2 270 and 
2 250, and then transmitted to a 214. 

At 120° and 790 mm., the rays are absorbed between A 273 and 
i 245, and then transmitted tofaf214. 

At 160° and 805 mm., the rays are absorbed between A 275 and 
2» 234, and then transmitted to A 215. 

At 180° and 820 mm., the rays are absorbed between 285 and 
2 230, and then feebly]transmittedjto 2 215. 

At 200° and 935 mm., the rays are absorbed from 290. 

There was no appearance of any narrow bands, and this large 
band was more diffuse on the more refrangible edge. It corresponds 
to the large solution band, the head of which is at 273. 

Dibromothymoquinone.—As in the preceding experiments, the 


vapour of the substance was investigated between 70° and 260° 8 . 


and 760 mm. and 940 mm. No narrow bands were observed in 
the more refrangible region of the visible spectrum. The rays wer 
transmitted to about 500, that is, as far as the photographic 
plates were sensitive. There was no trace of any of the eight 
bands found in thymoquinone between A 470 and A 390. No 
solution band in this substance was found by Stewart and Baly 
(loc. cit.). 

At 200° and 880 mm., the rays were weak between about i 365 
and 320, and then a little stronger to 4 305. 

At 220° and 890 mm., the rays were weak between about 2 368 
and 4 315, and then a little stronger to 4 305. 

At 260° and 920 mm., the rays were weak between A 370 and 
24 310, and then a little stronger to 4 305. 

There was no appearance of any narrow bands, and this weak 
band corresponds to the very weak solution band between about 
2 400 and A 320 (Stewart and Baly, loc. cit.). 

At 80° and 770 mm., the rays were weak between about 2 28) 
and A 255, and then transmitted to a 215. 

At 90° and 780 mm., the rays were weakly transmitted between 
2 282 and A 245, and then stronger to 4 215. 

At 120° and 800 mm., the rays were absorbed between 286 and 
A 252, and then transmitted tc a 215. 

At 140° and 820 mm., the rays were absorbed between A 293 and 
2 245, and then transmitted to a 225. 

At 160° and 840 mm., the rays were absorbed from 2 305, but 
the group of cadmium lines at about 4 230 was just visible. 

This large band was more diffuse on the more refrangible edge 
and did not appear to split up into any narrow bands. It corte- 
sponds to the large solution band the head of which is at about 
4 285 (Stewart and Baly, loc. cit.). 
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u-Naphthaquinone.—Baly and Stewart (loc. cit.) describe two 
solution bands, the head of one at about A 327, and a second weak 
band between about 256 and 4 232. The vapour of the substance 
was examined in the 200 mm. tube at temperatures between 100° 
and 240°. 

At 160° and 805 mm., the rays were weak between about 4 335 
and A 295, and then transmitted to A 250. 

At 180° and 825 mm., the rays were absorbed between 2 337 and 
1290, and then transmitted to 4 253. 

At 200° and 840 mm., the rays were absorbed between 342 and 
1270, and then transmitted to about A 253. 

At 220° and 860 mm., the rays were absorbed from about 2 348, 
but the strong cadmium line 4 257 was visible. 

This large band was more diffuse on the more refrangible side— 
it showed no signs of division. It corresponds to the strong 
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aphic At 140° and 790 mm., the rays were absorbed between about 
eight 2248 and a 225, and then transmitted to 4 2120, but the strong 
No cadmium lines at about ’ 230 were visible. 
Baly At 160° and 805 mm., the rays were absorbed from A 250. 
: There was no appearance of any finer bands, and the band 
365 corresponds to the solution band between 256 and 4 232 (Baly 
and Stewart, loc. cit.). 
363 To investigate the visible regions of the vapour of the substance, 


it was heated in a 100 mm. tube at temperatures varying between 
140° and 220°, but no bands were observed like those of benzo- 
quinone described above in the blue and violet regions of the 
spectrum. 

Anthraquinone.—Baly and Stewart (loc. cit.) describe two solution 
bands, the head of one at about 2 322 and a second 4 250. Meyer 
and Fischer (Ber., 1913, 46, 85), in a sulphuric acid solution of the 
substance, found three bands, namely, one at 2 2425, a second at 
i 3224, and a third weak band at A 3765. The vapours were 
examined between the temperatures of 180° and 275°. 

At 220° and 900 mm., the rays are weak between about 320 
and 4 295, and then transmitted to 2 260. 

At 240° and 910 mm., the rays are almost completely absorbed 
between 2 320 and A 290, and then transmitted to 2 266. 

At 260° and 920 mm., the rays are absorbed between 2 325 and 
4 290, and then transmitted to 2 270. 

At 275° and 925 mm., the rays are absorbed between 326 and 
280, and then transmitted to A 273. 

This large band corresponds to the solution band at 2 322, and 
shows no resolution into finer bands. 


and 


yeak 
rout 


280 


een 


and 


1848 ABSORPTION SPECTRA OF THE VAPOURS OF VARIOUS QUINONES, 


At 200° and 880 mm., the bands are weak between 245 and 
2 230, and then transmitted to A 212. 

At 220° and 900 mm., the rays are absorbed between 4 246 and 
4 227, and then feebly transmitted to a 212. 

At 240° and 910 mm., the rays are absorbed between ’ 247 and 
2 221, and then feebly transmitted to 214. 

At 260° and 920 mm., the rays are absorbed from 4’ 260, but 
the cadmium lines at 4 2196 and A 2146 are visible. 

At 270° and 925 mm., the rays are transmitted to A 265. 

There was no appearance of any narrower bands, and this large 
band corresponds to the solution band at A 250. 

The results of these observations are : 

(1) Each of the three solution bands of p-benzoquinone splits 
up into a series of narrower vapour bands, and these occur on the 
less refrangible side of a wider absorption. 

(2) In o-toluquinone these vapour bands are fewer in number, 
but each solution band shows a few such bands when the substance 
is vaporised. 

(3) In xyloquinone and in thymoquinone there are a few narrow 
vapour bands corresponding to the least refrangible of the three 
solution bands, but there are no such narrow bands in the two 
more refrangible bands. 

(4) In the dichloro- and dibromo-thymoquinones, the two bands 
are not resolved into narrower vapour bands, and there are no 
vapour bands on the more refrangible sides of the visible spectrum. 
This corresponds to the absence of solution bands in these regions. 

(5) In e«-naphthaquinone and in anthraquinone there is no 
resolution of the solution bands into narrower vapour bands. 

(6) The increasing complexity of the p-benzoquinone compounds 
means the gradual disappearance of the narrower vapour bands, 
and of the least refrangible of the three solution bands, and at the 
same time the most refrangible band becomes stronger. 

These results confirm the author’s previous observations of 
benzene and many of its compounds, in that, generally, as the 
molecule increases in complexity, the vapour bands become more 
like the solution bands. They also indicate that each band has its 
origin in a separate and distinct type of oscillation. For example, 
the groups of narrow vapour bands in the visible regions of 
p-benzoquinone are quite different in appearance and arrangement 
from those in the ultra-violet regions. The introduction of various 
elements or groups of elements produces striking changes which 
mean that the oscillating centres are influenced by such intro- 
ductions. In this connexion it may be permitted to refer to some 
earlier work. It has been shown by Purvis and McCleland} (T., 
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1913, 103, 1088) that, of the two solution bands of benzaldehyde 
at 4 285 and A 245, the former splits up into a number of narrow 
vapour bands, whereas the band at 4 245 undergoes no such resolu- 
tion; and the author (T., 1914, 105, 2482) has shown that there 
was no resolution into narrower bands of the more refrangible of 
the two solution bands in p-chlorobenzaldehyde, whereas there 
were a few narrow bands in the ortho- and the meta-compounds. 

It has been assumed that the colour of the quinones is partly, if 
not wholly, caused by the specific absorption of the rays in the 
more refrangible regions of the visible spectrum. But this does 
not explain the colour of such substances as dichloro- and dibromo- 
thymoquinones where there is no such specific absorption. The 
author has shown (T., 1911, 99, 107, 1953) that, in some complex 
coloured substances, the colour is produced by an extension of the 
general absorption well into the visible regions. Although it is not 
necessary to assume that the colour of the substances described 
above is produced by selective absorption in such regions, it is 
obvious that such absorption has an important influence in the 
production of the various shades of the yellow colour. 


I desire to convey my thanks to the Government Grant Com- 
mittee of the Royal Society for assistance in the purchase, some 
years ago, of the apparatus used in these and other experiments. 
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COVI.—The Oxidation of Sabinene with Hydrogen 
Peroxide. 


By GrorGE GERALD HENDERSON and ALEXANDER ROBERTSON. 


Ix continuation of the study of the action of hydrogen peroxide 
on the terpenes, some results of which have already been com- 
municated to the Society (T., 1911, 99, 1539; 1912, 101, 2288; 
1913, 103, 1543), we have now examined the behaviour of sabinene 
towards that oxidising agent. Semmler (Ber., 1900, 33, 1459) has 
shown that sabinene yields sabinene glycol, CoH ,(OH),, and 
sabinenic acid, CyH,,(O0H)-CO,H, when oxidised by potassium 
permanganate, but we have found that the products of the action 
of hydrogen peroxide on the hydrocarbon are quite different from 
these. Sabinene in solution in glacial acetic acid is slowly oxidised 
by 30 per cent. aqueous hydrogen peroxide, and yields two isomeric 
compounds of the formula C,)H,,0(OH),, which appear to be 
3B 
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glycol anhydrides, together with a very unstable acid, which could 
not be isolated undecomposed, and a little p-cymene. 

The crude oxidation product contains the glycol anhydrides 
Ci9H,,0(OH), partly in the free state and partly in the form of 
esters of acetic acid and of the unstable acid just mentioned, 
After removal of the cymene by means of a current of steam, the 
esters were hydrolysed with alcoholic potassium hydroxide, and the 
liberated glycol anhydrides extracted with ether and separated 
from each other by fractional crystallisation from that solvent, in 
which their solubilities are somewhat different. The less soluble 
compound crystallises in delicate, colourless needles which melt at 
172°, the more soluble in glistening leaflets which melt at 174°. 
The amount of the former compound obtained was about five 
times that of the latter. In alcoholic solutions, the glycol anhydride 
of m. p. 172° is optically inactive, whilst the other is dextrorotatory. 
Both compounds are soluble in water, alcohol, or ether, and to 
some extent in benzene or light petroleum. Both are saturated, 
and as they do not react with semicarbazide acetate it may be 
concluded that they do not contain a carbonyl radicle. In solution 
in glacial acetic acid, they are scarcely attacked by chromic 
anhydride in the cold, but on warming oxidation takes place at 
once, with the result that part of the glycol is completely decom- 
posed, whilst part remains unaltered. When they are heated with 
dilute (1 per cent.) sulphuric acid, dehydration takes place, but 
only very slowly; no aldehyde could be detected in the product, 
which consisted of a mixture of hydrocarbons, which were not 
further investigated, and some of the unchanged glycol anhydride. 

On treatment with the necessary quantities of p-nitrobenzoyl 
chloride, each glycol anhydride yields a mono-p-nitrobenzoate and a 
di-p-nitrobenzoate, respectively; these are crystalline substances of 
definite melting point. It was found impossible to obtain a tri-p- 
nitrobenzoate from either compound, even after prolonged treat- 
ment with excess of p-nitrobenzoyl chloride, and therefore it was 
concluded that the glycol anhydrides contain only two hydroxyl 
radicles, although, of course, it was realised that a tertiary hydroxy! 
radicle might also be present, which would not be readily esterified. 

The glycol anhydride of m. p. 172° on cautious oxidation with 
potassium permanganate yielded as sole product the inactive form 
of ««’-dihydroxy-«-methyl-«’-isopropyladipic acid, m. p. 188—189", 
which was fully identified by conversion into its characteristic 
dilactone, m. p. 72—73°. This acid has already been obtained 
indirectly from sabinene by hydration and oxidation, and its col 
stitution has been established by its synthesis from dimethyl 
acetonylacetone (Wallach, Annalen, 1908, 362, 261). 
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This result suggested that the supposed glycol anhydride might 
possibly be a trihydroxymenthane, C,)H,,(OH);. On the other 
hand, the only trihydroxymenthanes which could yield this acid 
on oxidation are the 1 : 2 : 4- and the 1 : 3 : 4-trihydroxy-isomerides, 
and as the melting points of these are 129° and 121°, respectively, 
itis clear that the glycol anhydride of m. p. 172° is a different 
compound. 

Taking all the facts into consideration, it would appear that the 
constitution of the compound C,)9H,,0, of m. p. 172° is best repre- 
snted by formula III. It is not difficult to follow the production 
ofsuch a compound from sabinene (I), possibly through the inter- 
mediate formation of 1:2:3:4-tetrahydroxymenthane (II), or 
its conversion into ««’-dihydroxy-«-methyl-«’-isopropyladipic acid 
(IV) by oxidation and simultaneous hydration. 

cH, Me Me Me 
C-OH C C-OH 
* be re, sit ge db i 
HC CH H.C CH: OH H, C 0 § CH-OH H.C CO-OH 
HC CH, HC CH-OH HC CH:OH HC CO-OH 
\I7 \Z 
i (OH 
CHMe, CHMe, 
(IEL.) (IV.) 

The isomeric glycol anhydride, m. p. 174°, when oxidised with 
potassium permanganate under similar conditions, was converted into 
the active form of ««’-dihydroxy-«-methyl-«’-isopropyladipic acid, 
m. p. 205—206°, which was further characterised by conversion 
into its dilactone, which melts at 63—64°. This acid has also been 
prepared by Wallach (loc. cit.). Hence it is evident that the glycol 
anhydrides which melt at 172° and 174°, respectively, are stereo- 
isomerides, the former being an inactive and the latter a dextro- 
rotatory modification. 

Nelson (J. Amer. Chem. Soc., 1911, 33, 1404; 1912, 35, 84) 
has described two isomeric glycol anhydrides melting at 62°5—64° 
and 103—105°, respectively, which he prepared from ascaridol, 
and to which he ascribes the formula (III) suggested for our com- 
pounds. The products of oxidation of Nelson’s glycol anhydrides 
are, however, quite different from those obtained by us, although 
in other respects there are certain resemblances between the 
respective substances. 

On hydrolysis with alcoholic potassium hydroxide of the mixture 
of esters of these glycol anhydrides, which was produced by the 
action of hydrogen peroxide on sabinene, the solution quickly 


darkened until almost black in colour, and when, after removal of 
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the liberated glycol anhydrides, the alkaline solution was aciditied 
and extracted with ether, nothing but a black, tarry mass was 
usually left after distilling off the ether. In one case a few crystals 
of an acid were obtained, but within a few hours these underwent 
spontaneous decomposition into the same black mass. Various 
modifications of the method of hydrolysing the esters led to the 
same result. Consequently, the acid, which doubtless was another 
oxidation product of sabinene, could not be isolated for examination. 


EXPERIMENTAL. 


Oxidation of Sabinene and Separation of the Products —The sabinene 
used in our experiments was obtained by fractional distillation, in 
an atmosphere of carbon dioxide, of the fraction of oil of savin 
boiling at 155—190°, which consists of a mixture of hydrocarbons. 
Since sabinene undergoes change when kept, a freshly distilled 
specimen (b. p. 163—165°, D®® 0°8479, ny 1°4680) was taken for 
oxidation. Eighty-four grams of 30 per cent. hydrogen peroxide 
(2 mols.) were added to a solution of 50 grams of sabinene (1 mol.) 
in 200 grams of glacial acetic acid, and the mixture was heated at 
50—55° until the reaction appeared to be complete. This required 
about one hundred hours. The acetic acid was then neutralised 
with sodium carbonate, sufficient water being added to keep the 
sodium acetate in solution. The faintly yellow, oily layer which 
separated was dissolved in ether, the ethereal solution drawn off, 
and the aqueous solution repeatedly shaken with fresh quantities 
of ether until all soluble organic substances had been extracted. 
The mixed ethereal extracts were dried over anhydrous sodium 
sulphate and distilled, when a viscous liquid was obtained. From 
this liquid a crystalline solid separated gradually on cooling, and 
when the deposition of this appeared to have reached an end, the 
crop of crystals was collected and freed as far as possible from the 
oily liquid with the aid of the pump. ‘The filtrate was heated in 
a current of steam in order to remove a small proportion of a 
volatile liquid with which it was mixed, and the non-volatile part 
which remained in the distilling flask was again taken up in ether. 
Another crop of crystals was obtained from the concentrated 
solution, but the bulk remained in the form of a viscous liquid. 
After removal of the crystals the liquid part was hydrolysed by 
agitation with dilute alcoholic potassium hydroxide at the ordinary 
temperature. After a short time, the solution became very dark 
in colour, and was then heated on the water-bath, under reflus, 
for ten minutes in order to complete the reaction. The solutiol 
was then saturated with carbon dioxide, the alcohol distilled of 
and the residual liquid extracted repeatedly with ether. ‘Tht 
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mixed ethereal extracts were dried with anhydrous sodium sulphate 
and then concentrated to small bulk. On leaving the rest of the 
ether to evaporate slowly, several crops of crystals were obtained, 
and after all that was crystallisable had been collected a black, 
tarry mass remained. ‘The crystalline material which had been 
separated from the original oxidation product was mixed with that 
obtained by hydrolysis of the esters and purified by crystallisation 
fom ether. It proved to be a mixture of two isomeric glycol 
anhydrides, which differ somewhat in solubility and can be best 
separated by fractional crystallisation from ether. The less soluble 
of these compounds melts at 172°, the other, which was present in 
relatively small quantity, at 174°. A mixture of the two in equal 
proportions melts at 160—162°. 

The glycol anhydride, m. p. 172°, crystailises from ether in 
delicate, colourless needles, and sublimes unchanged when heated 
above its melting point. Towards bromine and potassium per- 
manganate it behaves as a saturated compound, and it does not 
ract with semicarbazide acetate. Analysis pointed to the formula 
CipH,},0, (Found: C= 642; H=100. C, 9H,,0, requires 
C=645; H=9-7 per cent. C,gH,0; requires C = 63°8; 
H = 10°6 per cent.). 

The mono-p-nitrobenzoate was prepared by the action of p-nitro- 
benzoyl chloride (1 mol.) on the glycol anhydride dissolved in pyr- 
idine. This compound crystallises from alcohol in colourless needles 
which melt at 176° [Found: N= 42. (NO,°C,H,°CO,)C,9H,,0, 
requires N = 4°2 per cent. ]. 

Similar treatment of the glycol anhydride with two molecular 
proportions of the reagent yielded a di-p-nitrobenzoate, which 
separates from alcohol in delicate, pale yellow needles, m. p. 192— 
193° [Found : N = 6°0. (NO,°C,H,°CO,).C,9H,,0 requires N =5°8 
per cent.]. This ester is less soluble in alcohol than the mono- 
uitrobenzoate. 

The glycol anhydride, m. p. 174°, crystallises from ether in glisten- 
ing leaflets, and does not sublime when heated above its melting 
point. It is rather more soluble in organic solvents than the 
isomeride of m. p. 172°, and in alcoholic solution is dextrorotatory, 
[*) + 34:3°. It also is saturated towards bromine or potassium 
Petmanganate, and in other aspects it closely resembles its isomeride. 
Its composition is the same (Found : C = 64:3; H = 9°8 per cent.). 

On treatment with the requisite quantities of p-nitrobenzoyl 
chloride, this glycol anhydride also yields a mono- and a di-p-nitro- 
benzoate. The former crystallises from alcohol in short, colourless 
Pisms, m. p. 181—182° (Found: N= 4:2 per cent.). The 
dinitrobenzoate crystallises in almost colourless, lustrous plates, 
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which melt at 162—163°, and are more easily soluble in alcohol 
than the mononitrobenzoate (Found: N = 5:5 per cent.). 

Oxidation of the Glycol Anhydrides.—Oxidation of the glycol 
anhydride, m. p. 172°, with chromic anhydride in glacial acetic 
acid solution gave disappointing results. In the cold, there was 
little or no action, whilst, on heating, some of the compound was 
completely destroyed and some of it left unchanged. Cautious 
oxidation with a dilute neutral solution of potassium permanganate 
produced traces of an acid, but the greater part of the compound 
remained unattacked. The best results were obtained by the 
following method of treatment: To a solution of 1 gram of the 
glycol anhydride in 50 c.c. of water, cooled with ice-water, 100 
grams of ice were added, followed by a solution of 2°6 grams of 
potassium permanganate in 100 ¢c.c. of water and then by 3 grams 
of sodium carbonate. The mixture was shaken, and as the 
oxidation proceeded more ice was added as required to keep J 
the temperature below 5°. When the reaction was completed the 
solution was filtered, exactly neutralised with dilute sulphuric 
acid, and evaporated to dryness on the water-bath. The crystalline 
mass thus obtained was washed with alcohol in order to remove 
any neutral substance and then treated with dilute hydrochloric 
acid. The liberated acid was extracted with ether, the ethereal 
solution washed with water and dried with anhydrous sodium 
sulphate, and the bulk of the ether distilled off. On cooling the 
concentrated solution, an acid crystallised in colourless needles, 
m. p. 188—189°. Analysis showed the formula of the acid to be 
C49H,,0, (Found: C = 51°38; H=7°7. Cale.,C = 51:3; H=77 
per cent.). When heated above its melting point, or with dilute 
sulphuric acid, the acid is converted into a dilactone, Cy9H4,40,, 
which melts at 72—73°. Thus the identity of this acid with inactive 
ao’-dihydroxy-«-methyl-«’-isopropyladipic acid was proved. A 
small quantity of formic acid was also detected in the aqueous 
solution. The only neutral substance found was a little of the 
glycol anhydride which had escaped oxidation. 

The isomeric glycol anhydride, m. p. 174°, when oxidised with 
potassium permanganate under the same conditions, gave a crystal- 
line acid, C,gH,,0,, which melted at 205—206°, with slight 
decomposition, and when heated with dilute sulphuric acid was 
converted into a dilactone, m. p. 62—63°. It was thus identified 
as the active form of ««’-dihydroxy-«-methyl-«’-isopropyladipic 
acid. 

Separation of the Other Products of the Oxidation of Sabinene.— 
As already stated, when the crude oxidation product was heated 
in a current of steam a small quantity of a liquid distilled over. 
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This liquid was extracted from the distillate with ether, and after 
removal of the solvent was found to consist of hydrocarbons. On 
fractional distillation, the bulk came over at 174—176°. This 
hydrocarbon behaves as a saturated compound towards bromine, 
and is only very slowly attacked by potassium permanganate. 
The determination of the physical constants (b. p. 174—176°, 
D*® 0°8621, np 1:1919) suggested the identity of the substance 
with p-cymene, and this was confirmed by the production of p-toluic 
acid on treatment with nitric acid, and by sulphonation, the 
characteristic barium salt of cymenesulphonic acid being obtained 
from the product. 

The black alkaline solution obtained in the process of hydrolysis 
of the esters present in the crude oxidation product of sabinene 
was acidified with hydrochloric acid and extracted with ether, 
but except on one occasion the substance left on evaporation of 
the ether was a black, tarry mass from which nothing crystallisable 
could be extracted. In one experiment, when the ethereal solution 
was reduced to small bulk and left to cool, a small quantity of a 
crystalline acid was separated. The crystals were collected, dried, 
and placed in a stoppered specimen tube, but after a few hours 
were found to have decomposed spontaneously with production 
of the black, tarry material usually obtained. Owing to its 
instability we were unable to examine this acid, but evidently a 
fair proportion of the sabinene used must have been converted 
into the acid by oxidation with hydrogen peroxide. 

Action of Phosphorus Pentachloride and Hydrogen Bromide on the 
Glycol Anhydride——A solution of the glycol anhydride, m. p. 172° 
in chloroform, was treated with phosphorus pentachloride (2 mols.). 
After the reaction was over, the solution was washed with water 
and dried over anhydrous calcium chloride, and the solvent removed 
by evaporation under diminished pressure. A solid substance, 
mixed with an oily liquid, was left, but these compounds proved 
to be unstable, decomposing quickly with evolution of hydrogen 
chloride. Treatment of a solution of the glycol anhydride in 
glacial acetic acid with hydrogen bromide yielded on addition of 
water an oily compound, which also was very unstable. 


We desire to express our indebtedness to the Carnegie Trust 
for a scholarship which enabled one of us (A. R.) to take part in 
this work, and for a grant which defrayed part of the expense. 
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CCVII.—Temperature Coefficients of Reactions in 
Tropical Sunlight. 


By Nimratan Duar. 


THE following general results have already been established : 

1. A positive catalyst diminishes, and a negative catalyst increases, 
the temperature coefficient of a reaction, the decrease or increase 
being greater the higher the concentration of the catalyst. 

2. When light acts as an accelerator, the temperature coefficient 
of a reaction carried on in light is smaller than that of the reaction 
in the dark. 

3. Reactions which are very sensitive to the influence of temper- 
ature are also sensitive to the influence of light. 

4. The simpler the order of a reaction, the greater is its temper- 
ature coefficient. In other words, uni- and bi-molecular reactions 
have higher temperature coefficients than multimolecular ones. 

Oxalic Acid and Chromic Acid—In a previous investigation 
(Dhar, T., 1917, 111, 713), the kinetics and the temperature coefii- 
cient of the reaction between chromic acid and oxalic acid in the 
dark were determined. The reaction was found to be quadri- 
molecular, and the temperature coefficient had the value 1°85 for 
a 10° rise. 

In the present investigation, the temperature coefficient has been 
determined in tropical sunlight. The experimental procedure was 
the same as before. The reaction mixtures were exposed in Jena 
glass beakers to direct sunlight. The following results were 
obtained : 

3N /40-H,C,0, and N/200-H,Cr,0,. 


At 35°. At 45°. 
Time k, (uni- ‘Time 

(mins.). a@—zx. molecular). (mins.). a— 2. ky 

0 17-75 — 0 17-75 — 
29-75 14-10 0-0076 26-53 13-10 0-0113 
64-97 10-60 0-0078 51-75 9-15 0-0126 
40-58 8-50 0-0080 71-43 5-6 0-0147 
117-17 6-55 0-0085 97-83 4-6 0-0138 
Mean 0-0079 Mean 0-0131 

Kas [sg = 1-64. 


This reaction is slightly accelerated in presence of light and the 
diminution of the velocity coefficient is very small (1°85 and 1°64 
for the reaction in the dark and in the light, respectively). 

Oxalic Acid, Chromic Acid, Manganous Sulphate, and Sulphuric 
Acid.—In another investigation (Dhar, loc. cit.), it has been proved 
that, in presence of the positive catalysts manganous sulphate and 
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sulphuric acid, the reaction between chromic acid and oxalic acid 
becomes unimolecular with respect to oxalic acid and zero molecular 
with respect to chromic acid. The temperature coefficient for a 10° 
rise between 0° and 20° is 2°98, and Arrhenius’s A = 8765. The 
same reaction has now been investigated in tropical sunlight and 
the following results have been obtained : 


N/421°3-H,Cr,0,, N/19°47-H,C,0,, N/2°78-H,SO,, and 
N/337-MnSO,. 


At 10°. At 20°. 

tia—x kiy=a/t. x/at tj a—-x k=zxft x/at 

QO 27-15 —- —- O 27-15 --- — 
5 =18-6 1-710 0-0630 ; 20-0 2-383 0-0878 
6 181 1-509 0-0557 5 14-2 2-590 0-0955 
10 ~=—11-0 1-615 0-0585 7 10-5 2-380 0-0876 
15 3-0 1-610 0-0593 10 3-2 2-395 0-0882 
Mean 1-611 0-0616 Mean 2-434 0-0898 


koo?/kig = 1:51 and A = 3420. 


The velocity of the reaction is about four times as great in sunlight 
as it is in the dark under otherwise identical conditions. Hence 
light, acting as a marked accelerator, produces a concomitant 
lowering of the temperature coefficient. On comparing the results 
of this and also of the previous reaction in the light and in the dark, 
it will be seen that sensitiveness to temperature and sensitiveness 
to light go hand in hand. 

Oxalic Acid, Potassium Permanganate, Manganous Sulphate, and 
Sulphuric Acid—The temperature coefficient of the reaction 
between potassium permanganate and oxalic acid in presence of 
manganous sulphate and sulphuric acid (Harcourt and Esson’s 
reaction) has been determined in the dark (Purkayostha and Dhar, 
Z. anorg. Chem., 1922, 124, 1561); h,+19-/k, between 0° and 20° 
for the reaction in the dark is 3°21, and A = 9397. 

In sunlight under otherwise identical conditions, the following 
results have been obtained : 


N/674-MnS0,. 
At 10°. At 20°. 
k, (uni- 

t. a—2z molecular). t. a— 2. k, 
0 27-8 — 0 27-8 “= 
i 17-2 0-480 4 18-4 0-825 
2 9-0 0-564 1 11-5 0-882 
3 5-6 0-534 2 4-8 0-878 
4 4-25 0-469 3 2-5 0-803 

Mean 0-509 Mean 0-847 


kooe/ky = 1-66 and A = 4231, 
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In light, the velocity is practically doubled. Here also light acts 
as a positive catalyst and lowers the temperature coefficient. 

Potassium Oxalate and Iodine—The temperature coefficient of 
the reaction between potassium oxalate and iodine has the value 
72 in the dark and 3°4 in diffused daylight (Dhar, loc. cit.). The 
same reaction has been investigated in tropical sunlight and gave 
the following results : 


N/2:95-K,C,0,, N/113°6-I, and N /29-35-K1. 


At 36°. At 26°. 

t. a—®. 2 }t. ky t. a—2x. rit. k3. 
0 33-9 _- —- 0 33-9 —_ — 
10 22-2 0-034 0-222 14 26-8 0-0148 0-093 
23 12-2 0-028 0-203 27 21-5 0-0139 0-089 
32 6-2 0-026 0-209 47 16-8 0-0110 0-074 

0-0098 0-072 


43 0-9 0-023 0-227 67 11-7 
Mean 0-215 87 7-0 0-0091 0-073 
Mean 0-080 

kyg/kag? = 2-68 and A = 9105. 


It will be seen that the reaction is semimolecular in light (k,; = 
2Va — Va — x} /t), and unimolecular in the dark, with respect to 
iodine. In light, the velocity of the reaction is markedly increased 
and there is a corresponding diminution of the temperature coefficient. 

Sodium Formate and Mercuric Chloride.-—The reaction between 
sodium formate and mercuric chloride has the value 4:02 for its 
temperature coefficient in the dark, and A=12960 (Dhar, Joc. cit.). 
The reaction, investigated in sunlight, gave the following results : 


0°898N-HCO,Na and M/15-HgCl, (2°11 grams of CH,°CO,Na 
added to 150 c.c. of the reaction mixture). 


At 40°. At 30°. 
t. a—2 k, x 10? t. a ont k, x 10 
0 28-985 — 0 29-63 — 
9-79 25-00 1-512 30 24-77 5-970 
19-95 21-63 1-466 59-92 22-11 4-888 
29-95 18-80 1-446 90-05 19-45 4-676 
43-00 15-5 1-454 120-0 17-55 4-370 
Mean 1-464 Mean 4-976 
Kyo?/Kg9° = 2°94 and A = 10225. 


In this reaction, the velocity in light is nearly doubled and there 
is an appreciable diminution of the temperature coefficient. 

Sodium Formate and Iodine-—The reaction between sodium 
formate and iodine has kg;-/ky;- = 401 and A = 12900 in the 
dark (Dhar, loc. cit.). In sunlight under otherwise identical con- 
ditions, the following results have been obtained : 


REACTIONS IN TROPICAL SUNLIGHT. 1859 


0°166N-HCO,Na, 0°066N-I, and 0°216N-KI (4:22 grams of 
CH,°CO,Na added to 150 c.c. of the reaction mixture). 
At 40°. 


k, (uni- 
molecular). 
0-0374 
0-0362 
0-0329 
0-0328 
0-0316 ° 6: 
Mean 0-0342 Mean 0-0118 


Kaoe/kagr = 2°91 and A = 10121. 
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The velocity of the reaction in light is about three times that in 
the dark, and there is a marked fall in the temperature coefficient. 

It is evident that in all the cases examined, the temperature co- 
efficients of the reactions in presence of light are smaller than those in 
the dark, and therefore light acts as a positive catalyst. It will also 
be seen that the reactions which have high temperature coefficients 
in the dark are most influenced by light, the velocity being greatly 
increased and the temperature coefficient markedly diminished. 
The results obtained are in harmony with those recorded in previous 
papers. It has been suggested (Purkayostha and Dhar, loc. cit.) 
that some reactions catalysed by light are semimolecular; at any 
rate, the velocity coefficients calculated according to the semi- 
molecular equation, k = 2(\/a — /a — x)/t, show good constancy. 
The above equation can be applied to the photochemical oxidation 
of sodium sulphite by oxygen (Mathews and Week, J. Amer. Chem. 
Soc., 1917, 39, 635) and also to the researches of Lewis (T., 
1912, 101, 2371) and of Spencer (T., 1914, 105, 2565) on the 
photochemical decomposition of sodium hypochlorite. More- 
over, Banerjee and Dhar have shown that the course of 
those reactions in which iodine is one of the reactants in light, 
is approximately expressed by the semimolecular equation. It 
has already been shown in this paper that the oxidation of 
potassium oxalate by iodine in sunlight is semimolecular with 
respect to iodine, whilst in the dark the reaction is unimolecular 
with regard to iodine. It is very likely that in light atoms of iodine 
take part in the reaction. 

Some comment should be made on accepted views concerning 
the temperature coefficients of photochemical reactions. Hitherto 
the opinion has been very generally held that in light the temper- 
ature coefficient of most photochemical reactions should be about 
unity (compare Nernst, “ Theoretical Chemistry”’; Berthelot, 
Compt, rend., 1915, 160, 519). It has been shown in this and in 
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previous papers that the temperature coefficient of a reaction 
occurring in light may have any value, but it will be smaller than 
that of the reaction in the dark if light accelerates the change. 
The diminution of the temperature coefficient depends on the 
acceleration of the reaction in light. The oxidation of potassium 
oxalate by iodine is a case in point. The temperature coefficient 
of the reaction in the dark has the high value 7:2 for a 10° rise; 
in the diffused light of the laboratory, the reaction is accelerated 
and the temperature coefficient is 3°4; in tropical sunlight, the 
reaction is enormously accelerated and the value of the temper- 
ature coefficient falls to 2°68. Hence the greater the acceleration 
of a reaction by light the greater is the fall in the temperature 
coefficient. It is clear, therefore, that a typical photochemical 
reaction such as the oxidation of potassium oxalate by iodine, 
which is enormously accelerated by light, may have a temperature 
coefficient much greater than unity. 

From my researches on the temperature coefficients of thermal 
and photochemical reactions, I am of the opinion that there is 
no fundamental difference between thermal and photochemical 
reactions. In a photochemical reacticn, the radiating body is 
not in thermal equilibrium with the reacting substance, as it is 
in a thermal reaction, and the distribution of energy amongst the 
different frequencies does not follow Planck’s distribution law. 
I have shown (Proc. K. Akad. Wetensch. Amsterdam, 1920, 23, 308) 
that the reaction between potassium oxalate and iodine is accelerated 
by exposing the system to different parts of the arc spectrum 
produced with carbon electrodes; the indigo portion near the 
violet end produces the greatest effect, but the reaction is also 
stimulated by blue, green, or violet light. In other words, the 
reaction is sensitive to several radiations. In many cases, I have 
found that radiations of several different wave-lengths are effective 
in one and the same reaction. Recently I have been able to syn- 
thesise, in glass vessels exposed to tropical sunlight, several organic 
and inorganic compounds which have been obtained by Baly and 
his co-workers (T., 1921, 119, 1025), using quartz vessels exposed 
to ultra-violet light from a mercury lamp. I am therefore of 
opinion that ordinary chemical reactions may be sensitive to several 
radiations, the effects of which should be additive. 

The Perrin-Lewis radiation hypothesis assumes that a chemical 
change is due to a specific frequency of radiation characteristic of 
the substance involved. It is understood that a radiation must 
be absorbed to be active. Langmuir (J. Amer. Chem. Soc., 1920, 42, 
2190) states that in some cases the predicted absorption bands do 
not exist, whilst Taylor and Lewis (T., 1922, 121, 665) have observed 


ELECTRON VALENCY THEORIES AND STEREOCHEMISTRY. 1861 


in certain solutions the absorption bands the existence of which 
was predicted from measurements of the temperature coefficients. 
If we accept the Perrin-Lewis radiation hypothesis, we ought to 
find, for example, in a mixture of potassium oxalate and iodine, 
absorption bands corresponding to different spectral regions, since 
the reaction is, as already indicated, accelerated by several radiations. 
Experiments on the measurement of such absorption bands are in 
progress. Lewis (Nature, 1921, 108, 241; Trans. Faraday Soc., 
1922, 17, 583) emphasises the need for the separate treatment of 
photochemical and thermal reactions. Perrin (Ann. Physique, 1919, 
41,1; Trans. Faraday Soc., 1922, 17, 546) makes no distinction 
between them, and I also do not find any fundamental difference 
between the two. The objection raised by Lindemann (Phil. Magq., 
1920, [vi], 40, 671) that the velocity of sugar inversion is not affected 
by an enormous increase in radiation which is presumed to be 
active, is partly met by the fact that the inversion of sugar both 
in absence and in presence of acids is greatly accelerated by sun- 
light (Dhar, Z. anorg. Chem., 1921, 119, 177). Perrin (loc. cit.) 
and Lewis (T., 1922, 121, 613) now assume that most reactions 
occur in steps and that different frequencies are active in different 
steps. If two successive reactions separately accord with the 
Arrhenius equation, and if they be determined by radiations v 
and vg, then the radiation vy can only act after the first stage on a 
material already transformed by a radiation v,. It is well known 
that some chemical reactions take place in stages; thus we have 
recently proved that in the reduction of iodic acid by sulphurous 
acid or arsenious acid, hypoiodous acid is certainly an intermediate 
product. Unfortunately, the introduction of the view that a series 
of frequencies is active in a chemical change makes the radiation 
hypothesis as originally enunciated lose much of its simplicity. 
ALLAHABAD UNIVERSITY, 
ALLAHABAD. [Received, May 31st, 1923.] 


CCVIil.—E#leciron Valency Theories and 
Stereochemistry. 


By SAMUEL SUGDEN. 


DuR1nG the last seven years, the atom models of the physicist have 
been made the basis of a number of theories of valency in which 
the older views on molecular structure are correlated with the 
interchange, rearrangement, or sharing of electrons. More recently, 
these theories have been applied to a wide range of chemical 
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phenomena and new systems of symbois have been put forward 
which involve the addition of + and — signs to the usual formule 
with or without the deletion of existing bonds (Lapworth, T., 
1922, 121, 416; Kermack and Robinson, ibid., p. 427; Lowry, 
this vol., p. 822). 

Theories of this kind are, presumably, meant to signify much more 
than a formal representation of chemical reactions and attempt to 
correlate these with some physical mechanism which is postulated 
as existing in the structure of atoms and molecules. Most of the 
later workers have discarded, implicitly or explicitly, the cubical 
atom of Lewis (J. Amer. Chem. Soc., 1916, 38, 775) and Langmuir 
(tbid., 1919, 41, 868) and concern themselves chiefly with the number 
of electrons in the molecule and their allocation amongst the atoms 
concerned. Two types of valency bindings are recognised on the 
lines suggested by J. J. Thomson (Phil. Mag., 1914, [vi], 27, 757) 
and subsequently developed by Lewis (loc. cit.) and by Kossel (Ann. 
Physik, 1916, [iv], 49, 229; Naturwiss., 1919, 7, 339, 360). These 
authors agree in their conception of “ polar” valency in which one 
atom gives up an electron to another, the electrostatic attraction 
between the ions so formed constituting the “ polar ” or “ electro- 
valency” bond. At this point, however, the two theories part 
company and Kossel ascribes “non-polar” valencies to electrons 
moving in orbits similar to those postulated by Bohr in the hydrogen 
molecule, whilst Lewis prefers a statical conception of atom structure 
and ascribes “covalency ” to the “sharing ” of a pair of electrons 
between the atoms concerned. 

It is the object of the present paper to indicate that even the 
later developments of the Lewis-Langmuir theory are open to 
criticism from the point of view of stereochemistry. The more 
important of these criticisms will be referred to briefly under two 
headings. 

(1) Free Rotation. 

The original cubical atom of Lewis (loc. cit.) was soon seen to be 
incapable of representing triple bonds, and Langmuir attempted to 
get over the difficulty by adopting Lewis’s suggestion that the eight 
electrons of the octet are distorted from the corners of the cube and 
approach one another in pairs to form roughly a tetrahedron. While 
this enables one to picture a triple bond by two such tetrahedra 
with their faces in contact, it only obscures and does not eliminate 
another important objection to formule of this type, namely, that 
any arrangement of a pair of electrons forming a covalency must, in 
carbon compounds, allow of the free rotation of the carbon atoms 
about the line joining their centres. Now the theories of Lewis 
and Langmuir are essentially statical theories ; the pair of electrons 
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forming the covalency are supposed to be held in a fixed position 
in space by “ constraints ” due to electrostatic interaction between 
the electrons themselves and between the electrons and the nuclei 
of the atoms. The problem therefore resolves itself into that of 
devising a space arrangement of two octets with two electrons in 
common which shall permit of free rotation of the electron shells 
about the covalency bond. Only two configurations appear to be 
possible. The first is one in which the electrons approach one 
another in pairs so that the distance between the members of a 
pair is small compared with the diameter of the octet. This arrange- 
ment is the one adopted by Langmuir. The second arrangement 
is one which does not seem to have been considered up to the present ; 
it is obtained by placing the two electrons of the covalency sym- 
metrically on the line joining the two nuclei. In this way it is 
possible to interpret, very simply, the van’t Hoff theory of the carbon 
atom in terms of electrons. The four electrons of the carbon atom 
are placed at the corners of a tetrahedron and single bonds formed 
by bringing two such tetrahedra together until the two electrons 
are separated by the limiting distance to which they can approach 
one another. It will be seen that double and triple bonds can 
readily be formulated in the same manner as in the usual stereo- 
chemical theory. 

Both these views are, however, open to grave objections on 
physical grounds, for two electrons separated from one another by 
such small distances would exert a large mutual force of repulsion. 
It is for this reason, doubtless, that Langmuir draws his distorted 
cube models with the shared electrons at a distance equal to 1/3 to 
1/4 the side of the original cube. Yet as long as this distance is 
appreciable free rotation does not appear to be possible. It is true, 
of course, that Langmuir and his school assume that electrons at 
small distances do not obey the laws of attraction and repulsion 
which hold at larger distances. There is, however, definite experi- 
mental evidence which controverts this view. Rutherford’s 
investigations on the collision of «-particles with atoms (T., 1922, 
121, 402) have shown that the inverse square law does indeed 
break down at very short distances, but that this law holds until 
two nuclei approach one another to within a distance of about 
10cm. Hence throughout the greater part of the volume of the 
atom and certainly in the exterior zone occupied by the valency 
electrons we should expect to find that electrons do repel one 
another in accordance with this law. The theoretical difficulties 
which are summed up in the quantum theory are concerned, not 
so much with electrostatic attractions and repulsions, as with the 
relation between a moving electron and radiation. 
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The difficulty of providing for free rotation is much more easily 
overcome if one adopts a dynamical atom model. The one essential 
condition is seen to be that the orbit or orbits in which the two 
electrons of the covalency move must lie symmetrically about the 
line joining the two nuclei. A clear dynamical model of covalency 
would be of great value for the development of electronic theories 
of valency. 


(2) Geometrical Isomerism. 


Double bonds were originally written by Lewis and Langmuir 
as the sharing of four electrons, that is, the bond consists of two 
covalencies. Lewis, however, perceived that the distinction between 
polar and non-polar compounds is not necessarily sharp and that 
a covalency may be transformed into an electrovalency by the 
separation of the two cubical atoms, leaving the two electrons 
originally shared in one or other of the atomic shells. Eastman 
(J. Amer. Chem. Soc., 1922, 44, 438) has suggested that only two 
electrons are shared in a double bond, while one carbon atom makes 
up its octet by utilising the two inner electrons of the helium nucleus 
to form an extended octet of larger size. He does not appear to 
realise that this arrangement means that the atoms carry electrical 
charges. Lowry (this vol., p. 882) states this explicitly and describes 
a double bond (I) as consisting of an electrovalency and a covalency 
(II). This theory of the double bond in which one pair of electrons 


“+b -_ 
.) >o=0< >C6—C< (iL) 


only is shared does not seem adequate to account for the existence 
of geometrical isomerides. Since in a single bond one must have 
free rotation about a covalency, whatever view one adopts as to 
its physical nature, the mere superposition of an electrovalency on 
a covalency is not enough to account for the lack of free rotation 
in the double bond unless one makes some further special hypothesis 
concerning the spatial distribution of electrons around the atoms. 
This distribution of electrons must be such that the resultant electro- 
static force between the two charged atoms is not coincident with 
the direction of the covalency bond. It is not easy to devise such 
an arrangement of electrons which could be regarded as a structure 
that would be physically stable, yet this further hypothesis would 
seem to be essential if the theory of mixed double bonds is to be 
retained. 

This difficulty has been appreciated by Eastman (loc. cit.), who 
gives the following explanation. ‘‘ Due to the differing sizes of the 
connected octets the electrons in double bonds are probably spread 
apart further than usual in the normal bond. The abnormal 
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stresses which result between the electrons of the bond and those 
of each of the adjoining structures (perhaps even involving the inner 
electrons of the normal octet) might easily be such as to oppose free 
rotation of the atomic shells with respect to each other.” This 
vague reference to the mutual influence of electrons acting on each 
other according to arbitrary laws of force can scarcely be accepted 
as a satisfactory explanation of the existence of geometrical 
isomerides. 

A satisfactory theory of valency must on the one hand be com- 
patible with the atom models of the physicist as regards the number 
of electrons and their mutual action upon each other according to 
known physical laws, while on the other it should be capable of 
expressing the chemical and stereochemical generalisations which are 
connoted by the formule in common use. The statical valency 
theories which have been put forward up to the present time do not 
appear to satisfy either of these conditions. Yet much more is 
surely to be looked for in a theory based on our increasing knowledge 
of atom structure than a mere retranslation of the older valency 
theories in terms of electrons. <A clearer physical conception of the 
nature of valency forces should enable us to account for the existence 
of the hydrides of boron * and the borohydrates, to quote only one 
of the many instances in which the older theories are defective. 
Finally, it is becoming increasingly evident that to be of real value 
a physical theory of valency must give us some quantitative dis- 
cussion of the strength of the linkings between atoms and the way 
in which this varies from compound to compound. A beginning 
in this direction has been made by Kossel (Joc. cit.), who has given a 
suggestive treatment of the strength of linkages in certain polar 
compounds. 


* The hydrides of boron have been discussed by Eastman (loc. cit.), who, 
by utilising the two inner electrons of the helium nucleus to form an extended 
octet, has developed a formula for B,H, containing a ‘‘ mixed ’’ double bond. 
Robinson (J'rans. Faraday Soc., 1923, 18, 299) has given the same formula 
to this substance which has been adopted by Lowry (loc. cit., p. 301) and 


written H,b— BH,, from which he predicts that this hydride should be an 
analogue of ethylene and should behave as an unsaturated compound. Yet 
it has been found by Stock (Ber., 1914, 47, 3115) that borethane reacts with 
chlorine to give a substitution product of the formula B,H,Cl and not an 
additive compound as is the case with ethylene. 


BiIrKBECK COLLEGE, E.C. 4. (Received, June 21st, 1923.] 
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CCIX.—WNote on the Theory of Free Rotation.* 
By Tuomas Martin Lowry. 


1. In reading my paper on “The Polarity of Double Bonds” I 
laid considerable stress on the fact that the formule there set out 
represented the reactions of the various compounds rather than the 
resting-states of the molecules. The metaphor used was that these 
formule represented “‘ the dog standing up and barking ”’ and that 
he might assume a very different attitude “when curled up and 
at rest.’’ In some cases, the resting-states of the molecules may 
be identical with the reactive states; thus in methylethylaniline 
oxide, the limitation of the number of covalencies of the nitrogen 
atom to four would prevent the double bond between nitrogen and 
oxygen from reverting to a double covalency, and the nitrogen would 
retain its positive charge permanently, just as in ammonium 
chloride. On the other hand, the recent work of Stewart and 
Edlund (J. Amer. Chem. Soc., 1923, 45, 1014), in which it is shown 
that the union of ethylene with bromine is a surface action, suggests 
that the resting-state of ethylene is an inert molecule which must 
be activated, for example, by contact catalysis, before it can unite 
even with a halogen. When these latter conditions prevail, the 
ordinary considerations of stereochemistry will apply until the 
reactive state is actually developed. 

2. It is, however, of considerable interest to consider how far 
stereoisomerism is possible in activated molecules. Experiment- 
ally, it would appear that the stability of these reactive states is 
much less than that of the resting-states, since, as Frankland has 
shown (Presidential Address, 1912, T., 101, 686), many compounds 
which are stable in themselves undergo inversion when subjected 
to chemical change. On the other hand, the fact that some agents, 
for example, potassium permanganate, usually give the correct 
stereoisomerides, suggests that the inversion of the active phase 
may not be spontaneous, but may depend on the action of the 
reagent. On the theoretical side, the question appears to resolve 
itself into one of finding out whether three groups attached to a 
positively-charged carbon-atom are necessarily coplanar with it. 
Since the three oxygens of the anion are coplanar with carbon or 
nitrogen in crystals of calcium carbonate and sodium nitrate, but 
not in crystals of lead nitrate, it is clear that no universal rule can 
be laid down, but that each case must be investigated experi- 
mentally. 

3. It is important to note that the original simple theory of “ free 


* A reply to S. Sugden (preceding paper). 
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rotation,” according to which free rotation is always possible in 
the case of molecules held together by a single bond, but impossible 
in the case of a double bond, has now definitely broken down. 
The stereochemical models of van’t Hoff predict definitely that 
symmetrical derivatives of diphenyl can show neither stereoiso- 
merism nor optical activity. A happy chance led to the detection 
of a case of stereoisomerism in this series; and this has been bril- 
liantly followed up by Kenner, who has given an impregnable 
demonstration based on optical activity. The “ butterfly-wing ” 
formula was invented to explain this anomaly, but this in turn has 
been discarded, since optical activity has been detected in the 
cis- as well as in the trans-form of the dinitrodiphenic acids. The 
proof that both stereoisomerism and optical activity are possible 
in classes of compounds where they were regarded as impossible 
by van’t Hoff has removed a veto on a line of research which 
has already proved to be most fertile, and it is likely that scores 
of similar cases may now be discovered. On the other hand, if 
the views of Thorpe as to the structure of the isomeric derivatives 
of the glutaconic series be accepted, it would appear that cis- and 


- 

* trans-isomerism in unsaturated compounds may under some con- 

he ditions be completely in abeyance, since the predicted stereo- 

he isomerides cannot in fact be prepared. This may mean only that 
they are interconvertible with such ease that they cannot be 

ar separated as stable isomerides; but it is also possible that the 

ite stereoisomerides are tautomeric in the sense that the compounds 

is represented by the conventional cis- and trans-formule are not 

as isomeric but identical. In any case, it is necessary to recognise 

ds that the old and simple views on free rotation have broken down, 

d and that the subject is now ‘“ open to discussion ”’ on the broadest 

8, possible lines, including those suggested by the electronic theory 

ot of valency. 

se THE UNIVERSITY, CAMBRIDGE. (Received, July 10th, 1923.] 
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. CCX.—New Halogen Derivatives of Camphor. 

: Part III, «'B- and a'x-Dibromocamphor. 

t By Henry Bureess and THomas Martin Lowry. 


1. Preparation of Two New Dibromocamphors. 


ALTHOUGH «®8- and az-dibromocamphor have been known since 
1880 and 1895, respectively, the stereoisomeric «’8- and «’x-dibromo- 
camphors have not yet been described. By means of solubility 
measurements in neutral and alkaline alcoholic solutions, the 
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percentages of these compounds in equilibrium with the «-isomerides 
and their rotatory powers in alcoholic solution were, however, 
predicted as long ago as 1906 (T., 89, 1033), as follows : 


Percentage in 


equilibrium Rotatory power in alcohol. 
Substance. mixture. [a]p (calc.). [a]p (found), 
a’B-Dibromocamphor 10 to 11 — 58° to —61° — 63° 
a’n- oe 11 +105° + 82° 


These two compounds have now been isolated by the method used 
in the two preceding papers of this series, which is based on the 
observation of Kipping (P., 1905, 24, 124) that the equilibrium 
between the «- and «’-compounds, which is static in neutral or 
acid solution, becomes dynamic in alkaline solution. The mixtures 
of isomerides obtained in this way were then separated by slow 
crystallisation from acetone. The last column of the preceding 
table shows the approximate agreement of the observed rotatory 
powers with those predicted in 1906. 


2. Equilibrium Between Isomeric Dibromocamphors. 


After having prepared the «’8- and «’r-dibromocamphors from 
their «8- and «-isomerides, and separated them in a pure condition, 
it was of interest to study more exactly the equilibrium between 
them. This study presented certain unexpected difficulties. 

(a) In the case of the ar == a’'z equilibrium, the rotatory powers 
of the two isomerides differ by only about 16°, as compared with a 
difference of 184° in the case of the «8 == «’B equilibrium. The 
mutarotation of a 5 per cent. solution in a 2-dem. tube would there- 
fore have been limited to a total range of only 16°, that is, approxi- 
mately 1°4° for one isomeride and 0°2° for the other. These small 
changes could not be measured sufficiently accurately to establish 
with any degree of certainty the course of the reversible isomeric 
change. Measurements of the rotations of the two isomerides 
before and after the addition of alkali showed, however, that the 
proportions of the isomerides in equilibrium with one another were 
ar : a'r = 89:11, in close agreement with the ratio predicted in 
1906. 

(6) In the case of the «8 == «’8 equilibrium, where the conditions 
appeared at first sight to be much more favourable, the study of 
isomeric change was rendered even more difficult by a side-reaction 
between the halogen compound and the alkaline catalyst, which 
had the double effect of destroying the catalyst and of introducing 

a third optically-active component into the solution. This by- 
product, which had already interfered very seriously with the 
preparation of «’8-camphor from its «$-isomeride, is apparently a 
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derivative of campholenic acid. Its further study, which is actively 
in progress and will form the subject of a separate communication, 
may throw fresh light on the debatable question of the structure 
of the @-derivatives of camphor; but in the present investigation 
it appears only as a disturbing factor which made itself felt in three 
different directions, as follows : 

(i) When attempting to follow the course of isomeric change 
by experiments on mutarotation, it was found that, when small 
amounts of alkali (VV /500) were used as catalyst, the mutarotation 
became progressively slower, and then stopped completely before 
equilibrium was reached, owing to the total disappearance of the 
catalyst. On the other hand, when larger quantities of alkali 
(NV /100) were used, equilibrium was reached so quickly that it was 
quite impossible to plot the mutarotation curves, since at the end 
of only four minutes the rotation of the «f-compound had already 
reached the final equilibrium-value. 

(ii) The rapid formation of the by-product also rendered it very 
difficult to secure an exact determination even of the proportions 
of the two isomerides in the final equilibrium. Thus, although the 
rotations of the two isomerides at once became identical after 
the addition of NV /100-alkali, it was clear that the formation of the 
by-product (the rotatory power of which is very similar to that of 
the «’8-compound) would increase the apparent proportion of the 
latter. Whilst, therefore, the uncorrected rotatory powers led to 
an equilibrium-ratio «8: «’B = 85:15, this ratio was altered to 
af : «8 = 90:10 when a correction was made on the assumption 
that the whole of the alkali had been used up in forming the by- 
product. Since the rotatory power of the solutions was sub- 
stantially the same at one hour and at two hours, it is probable 
that this action was already complete, and that the corrected value 
of the equilibrium-ratio is substantially right. 

(iii) The formation of the by-product also interfered with the 
study of the equilibrium, and with the prediction of the rotatory 
power of the less stable isomeride, by the method used in 1906, 
namely, measuring the solubility of the more stable isomeride before 
and after the addition of alkali. This method had given, with 
N /1000-alkali, the proportion of «8-dibromocamphor in the equili- 
brium-mixture as 89 to 90 per cent. in close agreement with the 
corrected value shown under (ii) above. Since, however, it was 
possible that a false equilibrium had been reached, these measure- 
ments were repeated with N/900-, NV /450-, and N/40-alkali. It 
was found that with these higher concentrations of alkali the 
calculated proportion of. the «$-compound fell from 90 to 88, 87, 
and finally (at the highest concentration of alkali) to 70 per cent., 
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whilst the predicted rotatory power of the «’8-compound fell from 
[«]p = — 61° or — 58°, to [«]54¢; = — 55°, — 43°, and finally — 0°3°, 
These observations show that the quantity of alkali used in the 
earlier determinations had (by accident rather than by deliberate 
choice) been added in sufficient quantity to carry the isomeric 
change. through to complete equilibrium, whilst producing a mini- 
mum amount only of the by-product which is now recognised for 
the first time as a possible source of error in these measurements. 


3. Comparison of the Properties of Five Isomeric Dibromocamphors. 


Replacement of hydrogen by bromine can be effected in the 
camphor molecule by direct bromination in the «- and «’-positions, 
and by intermediate sulphonation in the B- and z-positions. Since 
there are four positions in which bromine can be introduced, six 
dibromocamphors are theoretically possible. Five of these have 
now been prepared, the only missing member of the series being 
@r-dibromocamphor, which it should be possible to prepare by 
sulphonating {§-bromocamphor with chlorosulphonic acid and 
converting the bromo-sulphonic acid into the corresponding 
bromo-camphor. For the purpose of comparison the melting 
points, densities, and rotatory powers in benzene of the five 
dibromocamphors now known are set out together in the following 
table : 


TABLE I, 
Melting Points and Rotatory Powers of Dibromocamphors. 


Substance. Melting point. Density.* [a]p . C) 
aa’-Dibromocamphor 61° dj * 1-854 +-39-57° 50-19° 
ap 114 d?" 1-825 +82-0 + 100-64 
a’B 136 d?* 1-809 —70-8 — 83-11 
ar 156 d}}? 1-835 +873 +110-83 
o'r = 182 d* 1-830 + 98-1 +126-63 

* These were determined by Mr. W. A. Wooster of Peterhouse College by 
the method of flotation. 


It will be observed that the melting points of the new «’B- and 
«’r-dibromocamphors are considerably higher than those of the 
«8- and a7-isomerides, although it was shown in the preceding paper 
of this series that the melting point of «’-bromocamphor is only 
two degrees above that of «-bromocamphor. Again, the two new 
dibromocamphors are both less soluble than the «-compound, 
although «’-bromocamphor was found to be more soluble than the 
a-isomeride. The moving of a bromine atom from the « to the « 
position decreases the density of the «8-compound, but increases 
that of the «r-compound ; no obvious explanation of this contrast 
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is available. Finally, whilst the rotatory powers of (« and «’)- 
g-dibromocamphor, like those of (« and «’)-monobromocamphor, 
are opposite in sign and differ from one another very widely, those 
of (« and «’)«-dibromocamphor are of similar sign and differ from 
one another only to an insignificant extent. Since the rotatory 
powers of these two compounds are altered in opposite directions 
by change of solvent in the series 


acetic acid —> ethyl acetate —> alcohol 
—> acetone —> chloroform —> benzene, 


it is actually possible to interchange their rotatory powers almost 
quantitatively, for example, by changing from alcohol to benzene 
or conversely. It is, however, very difficult indeed to suggest any 
reason why the very large influence on the rotatory power of a 
compound of an interchange of hydrogen and bromine in the «- and 
2'-positions should be practically destroyed by introducing a halogen 
in the z-position, when a halogen in the {-position leaves this 
influence almost as strong as ever. 

Measurements have been made of the rotatory dispersion of the 
two pairs of isomerides now under consideration; but these will be 
described and discussed in a paper dealing specifically with the 
rotatory dispersion of the derivatives of camphor. 

The crystallographic properties of the two new dibromocamphors 
are described in the present paper, so that the crystallographic 
constants of five isomerides are now known. Since, however, these 
constants do not exhibit any immediately-obvious morphotropic 
relationships, the detailed consideration of these data may be 
postponed until it is possible to supplement them by X-ray examin- 
ation of the crystals, for which preparations are already being made. 


ExPERIMENTAL. 


4. Materials Used. (a) The «$-dibromocamphor was recrystal- 
lised three times to a constant melting point of 113—115°. A 
portion melting at 92—96°, which was probably a mixture of 
“8- and «’$-dibromocamphors, was not used for the preparation 
of «’8-dibromocamphor. 

(6) The az-dibromocamphor was made by a slight variation of 
the method of Kipping and Pope (T., 1895, 67, 356), the ammonium 
«-bromocamphor-7-sulphonate (14 grams) and phosphorus penta- 
bromide (20 grams) being mixed under dry chloroform (100 c.c.) 
and left over two nights to complete the action. The solution was 
filtered, washed three times with cold water, dried over sodium 
sulphate, and the chloroform distilled off; a little ether was added, 
and the sulphonyl bromide was allowed to crystallise (yield = 83 
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per cent. of theory). The sulphonyl bromide was decomposed by 
heating at 160—165° for thirty minutes, as described by Kipping 
and Pope; the tarry product was steam-distilled, and the colourless 
dibromocamphor, which came over very slowly, was filtered off 
and recrystallised. In this way, nearly half of the substance was 
obtained pure (m. p. 154—155°), The residue, which melted at 
128—132°, even after crystallising three times from alcohol, was 
shown to be a mixture of «z- and «’r-dibromocamphor, since, when 
it was crystallised from an alkaline alcoholic solution, crystals 
melting at 154—155° were at once obtained. The whole of the 
mixture was converted in this way into pure az-dibromocamphor 
in order to make sure that no other impurity was present when the 
preparation of «’r-dibromocamphor was begun. 

5. Preparation of Isomerides——In order to prepare mixtures of 
a’8- and «8- and of «’x- and «-dibromocamphor, 100 grams of the 
«-compound were dissolved in 800 c.c. of 95 per cent. alcohol, 
sodium ethoxide was added to a concentration of about N/100, 
and the mixture was boiled for five minutes to establish equilibrium. 
It was then made slightly acid with acetic acid and cooled. A 
large proportion of the original substance which separated out was 
filtered off and used again. The filtrates were evaporated to small 
bulk, and, on cooling, deposited a mixture of isomerides. 

6. Separation of «'B-Dibromocamphor.—(a) When trying to 
separate this substance, an oil was first obtained, which had a 
rotation of [«]54g; = — 78°5° (in alcohol). This was approximately 
the rotation expected from the «’-isomeride; but on purification 
and analysis the oil was found to have the empirical formula 
C,.H,,0,Br. Since it is very soluble in alcohol, the presence of 
the oil did not introduce any difficulty in the separation of the 
isomeric dibromocamphors, when once its character and method 
of formation were known. From the mixture of «$- and a’8- 
dibromocamphors (m. p. 93—95°, [«]54g, + 56°) which had been 
freed from this by-product, «’8-dibromocamphor was separated 
in two ways. 

(i) The mixture was crystallised from methyl alcohol. The first 
fractions consisted principally of «8-dibromocamphor; but, when 
the excess of this compound had been crystallised out, the subsequent 
fractions had an almost constant specific rotation [«]54., + 30° 
(approx.). These later fractions were then crystallised from ethyl 
alcohol, when crystals having [«];4., 0° (approx.) were obtained. 
On further crystallisation, these gave pure «’8-dibromocamphor. 
As this was an extremely slow method, even when improved by 
judicious seeding, a second method, which was much quicker, was 
used. 
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(ii) The mixture was dissolved in acetone and left to crystallise 
by slow evaporation during a period of five weeks. By this method 
large crystals were obtained, and these were crushed separately 
and their melting points determined. By this method about 16 
grams of nearly pure material were separated in two days from 
70 grams of the mixture. 

(6) The composition of the compound was shown clearly (i) by 
its preparation from «$-dibromocamphor, (ii) by its reconversion 
to «8-dibromocamphor in presence of alkali, and (iii) by estimation 
of bromine (Found: Br = 51°57. Cj, 9H,,OBr, requires Br = 51°56 
per cent.). 

7. Properties of «'8-Dibromocamphor.—(a) «'8-Dibromocamphor 
has a slight odour resembling that of «$-dibromocamphor. It is 
very soluble in cold benzene, acetone (about 16} grams per 100 c.c.), 
chloroform, ethyl acetate, ether, and the hot alcohols; it is soluble 
in the cold alcohols, but only slightly soluble in cold petroleum. 
It is slightly less soluble in organic solvents than «$-dibromo- 
camphor. From hot benzene or ligroin it crystallises in long, thin 
prisms ; measurable crystals were obtained by the slow evaporation 
of a solution in acetone. 

(b) «’8-Dibromocamphor differs from the «$-isomeride in being 
strongly levorotatory. A series of fractions which gave [«];4,, — 64° 
or more was recrystallised four times from ethyl alcohol, and gave 


the successive melting points 135°, 135°6°, 136°, and 136°. The 
rotatory power of the final product in a series of solvents was found 
to be as in Table II, where for the purpose of comparison deter- 
minations are also given of the «8-compound. 


TaBLeE IT. 
Rotatory Powers of «8- and «’8-Dibromocamphor in Different Solvents. 


aB-Dibromocamphor. a’B-Dibromocamphor. 


Concentration. Rotatory power. Concentration. Rotatory power. 
Grams/100 c.c. [o]sa61- Grams/100 c.c. [aJsae1- 


Acetone ... 5 127° 5 85° 
Alcohol ... 2-35 120 0-6 73 
(saturated) 

Benzene ... 16-23 101 16-14 83 

(c) The crystallographic properties of the compound were deter- 
mined in the Mineralogical Department by Mr. W. A. Wooster of 
Peterhouse College under the supervision of Mr. A. Hutchinson, 
F.R.S., as follows : 

System : Orthorhombic. 

Axial Ratios: a:b6:¢ = 1°0117: 1 : Q°4599. 

Habit: Usually occurs in plates with the s(201) planes largely 
developed. The crystals were small and did not give good reflexions. 

VOL. CXXTII. 3S 
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Forms Present: a= (100), b= (010), m= (110), p = (210), 

s = (201), ¢ = (201). 
No. of Mean 
Angles observed. measurements. Limits. observation. Calculation. 

am = 100: 110 45° 14’ — 45°93’ = 45° 18’ 45° 20’ 

ap = 100: 210 3 37 — 27 5 — 

as = 100: 201 7 46 — 47 53 47 43 

bt = 010:021 27 — 47 51 47 24 

sp = 201: 210 55 — 53 27 —_ 

s¢ = 201: 021 43 — 57 1 57 0 

sm = 201: 110 i1 34 — 61 48 61 46 

mét = 110: 021 i1 16 — 61 32 61 12 

Cleavage : None observed. 

Optical Characters : The optical axial plane is parallel to b(010), 
the acute bisectrix being perpendicular to c(001). The angle 2V 
for sodium light = 24° approx. The double refraction is negative 

ates in sign. The refractive indices as deter- 
mined by immersion in oils are « = 1°56, 
6B = 164°, y = 1°64,. 
8. Mutarotation.—A solution of «§- 
dibromocamphor in acetone (5 grams/100 
c.c.) gave [«]54g; 127°1° and 126°9°, mean 
127:0°. When made up with N/100- 
alkali, the rotation was [«];4¢, 95°6° and 
95°0°. Similarly «’8-dibromocamphor 
gave [«]54¢; — 85°2° initially, and with 

a’B Dt-bromocamphor. N /100-alkali [«]54¢; 95°5°. The mean value 
for the rotatory power of the equilibrium mixture is [«];4g, + 95°4°. 
From these numbers the proportion of «’8-dibromocamphor in the 
equilibrium-mixture would appear to be 14°8 percent. If, however, 
a correction is made for the by-product, assuming that all the alkali 
is used up, this proportion is reduced to 9°8 per cent., as compared 
with the proportion of 10 or 11 per cent. deduced from the earlier 
measurements of solubility. Quantitative mutarotation curves 
could not be obtained, because the alkali was used up before equili- 
brium was reached, when NV /500-alkali was used, whilst the change 
was already complete in three or four minutes when NV/100-alkali 
was used. 

9. Measuremenis of Solubility and of Rotatory Power of Saturated 
Solutions.—The solubility of «$-dibromocamphor was determined 
in 99°2 per cent. alcohol at 20°, (i) alone, (ii) in presence of NV /900-, 
N /450-alkali, and N/40-sodium ethoxide. Saturated solutions 
were prepared by stirring the crystals with alcohol for two hours 
and allowing them to settle for five minutes. Three samples of 
10 c.c. of solution were then withdrawn in a warmed pipette, and 
evaporated in the weighing bottle at about 40° during six to seven 
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days. The bottle and contents were then dried to constant weight 
in a vacuum desiccator over soda-lime and sulphuric acid. Samples 
were also taken for measuring the rotatory powers of the saturated 
solutions. It was noticed that drying in the desiccator led to no 
change in weight with «$-dibromocamphor alone, but gave a loss 
of about 3 milligrams for each sample with N/900-alkali, 9 milli- 
grams with N/450-alkali, and 33 milligrams with N/40-alkali. 
In the last case the sample was still slowly decreasing in weight 
after fourteen days in the desiccator. These observations suggested 
that the loss in weight in a vacuum was probably due to the oily 
by-product evaporating and leaving the dibromocamphors behind. 
The results of these measurements are recorded in Table III, in 
which the earlier results are also reproduced for comparison. These 
are substantially confirmed, although lower values were obtained 
for the ratio «/(« +- «’), when an increased amount of alkali was used. 
The by-product formed by the alkali was probably all driven off 
during the evaporation and drying of the samples; but its solvent 
action would tend to increase the solubility of the «8-compound, 
and so diminish the solubility ratio from which the proportion of 
this compound in the equilibrium-mixture is deduced. This effect 
would also account for the diminished values of the predicted 
rotatory power of «’B-dibromocamphor, since the “ corrected ” 
rotations shown in the table were obtained by allowing for the 
rotatory power of the by-product, but not for its solvent action 
upon «$-dibromocamphor. 


TABLE III. 


Concentration and Rotatory Powers of Saturated Solutions 
of «8-Dibromocamphor. 


Concentrations Observed 
of saturated rotations Specific 
solutions. of saturated rotations 
solutions of saturated 


Grams per 100 gms. (2-dem. tube). solutions. 


of solvent. 


— 
ie oP s —  _/ — — — ‘ 
a @ a’ Ratio. a. remand, a, & @ ewe a 


(corr.). (corr.). 

Solvent. Alkali. * Wave-length 5461. Wave-length 5461. 
tOH 99-29% N/900 3-07 3: 5-64° 5-26° 5-31° 120° 98° 99° —55° 
N/450 3-07 3: . 564 524 533 120 97 98-8 —43 
N/40 3:07 4- j 564 461 569 120 68 84 —03 

t Wave-length 5893. Wave-length 5893. 
tOH 99-89% N/1000 3-26 3-6 . +493 +459 ... +97 +81 -. —61 
» 995% N/1000 3-18 3 . +492 +454 .. +99 +481 1... —58 


* New series. tT Old series. 


10. Separation of «'x-Dibromocamphor.—The rotatory powers 
of ar- and «’x-dibromocamphor differ so little that they cannot 
382 
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be ‘used in the same way as those of «- and «’B-dibromocamphor 
to follow the course of the separation. Since the use of melting 
points for this purpose is extremely troublesome, the separation 
was effected by slow crystallisation from acetone. Under these 
conditions the «’x-compound crystallised in characteristically- 
shaped prisms, many of which projected from the general mass at 
an angle of about 60° to the horizontal plane. These prisms were 
separated and their individual melting points and rotatory powers 
were determined. Those having [«];4., above 115° in benzene were 
crystallised from alcohol until the melting point reached 170°. 
Four further crystallisations then gave a pure product, the melting 
points recorded after these four crystallisations being 180—181°5°, 
181°5°, 182°, and 182°. 

The composition of the product was established (i) by its method 
of preparation, (ii) by reconversion to er-dibromocamphor, (iii) 
by analysis (Found: Br = 51°72. Cy 9H,,OBr, requires Br = 51°46 
per cent.). 

1l. Properties of «'B-Dibromocamphor.—(a) The compound has 
a slight odour resembling those of the other dibromocamphors. 
It is very soluble in chloroform, less soluble in ethyl acetate or ether; 
benzene and acetone both dissolve about 6 grams per 100 c.c. of 
«’r-dibromocamphor, as compared with some 15 grams of 
ar-dibromocamphor. Cold methyl or ethyl alcohol dissolves about 
1 gram per 100 c.c. Measurable crystals were obtained by the 
slow evaporation of a solution in acetone. 

(b) The melting point of «’x-dibromocamphor, at 182°, differs 
widely from that of «r-dibromocamphor, at 156°. 

(c) The rotatory powers of am- and «’x-dibromocamphor in 
several solvents at 20° are given in Table IV. 


TABLE IV. 
Rotatory Powers of ux- and «'x-Dibromocamphor in Different Solvents. 


a’r-Dibromocamphor. anr-Dibromocamphor. 


Concentration. Rotatory power. Concentration. Rotatory power. 

Solvent. Grams/100 c.c. [a]sa61° Grams/100 c.c. [a]s461° 

Acetic acid 1 99-0° 135-0° 
Ethyl acetate 5 108-6 128-9 
Alcohol 0-66 109-0 . 128-1 
Acetone 5 111-7 128-2 
. 128-3 
Chloroform 10 118-6 125-9 
; 119-5 126-4 


Ethylene 

dibromide i; 120-0 140-9 
Toluene 120-9 108-4 
Benzene . 126-6 110-8 
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This table shows that the effect of the solvent on the rotation of 
the two compounds is very similar numerically, but that the effect 
on one is the reverse of that on the other. The rotations in acetic 
acid and benzene were measured in a 6-dem. tube, in alcohol in a 
4-dem. tube, and in the other solvents in a 2-dem. tube. The effect 
of change in concentration is seen to be only small. 

(2) The crystallographic properties of «’x-dibromocamphor were 
determined by Mr. W. A. Wooster as follows : 

System : Orthorhombic. 

Axial Ratios: a:b:¢ = 0°9573 : 1 : 0°4142. 

Habit : Usually developed in flat plates parallel to ¢(021). The 
crystals were small and not well suited for measurement, though 
sometimes clear and colourless. 

Forms Present: a= (100), 6 = (010), m= (110), s = (201), 
t = (021). 

No. of Mean 
Angles observed. measurements. Limits. observation. Calculation. 
: 201 6 49° 4’ — 49° 12’ 49° 8’ — 
: 021 2 78 26 — 78 34 78 30 79° 16’ 
: 010 50 21 — 51 6 50 44 50 22 
: 021 54 5 — 54 7 54 6 54 23 
: 110 61 40 — 62 1 61 48 — 
: 021 63 52 — 64 12 64 5 63 50 


Cleavage : None observed. 

12. Mutarotation.—A solution of «x-dibromocamphor in acetone 
(5 grams in 100 c.c.) gave [«];4¢, 

+ 128:2° (mean of 128°0° and 
128°3°). When the solution was 
made up with the addition of 
N/250-alkali the rotation fell to 
+ 126°4°. In a solution of the 
same strength, «’x-dibromocam- 
phor gave [a]54g) + 111°7°, and 
when NV /250-alkali was present the 
final rotation was +126°5°. The 
proportion of «’r-dibromocamphor a’ Di-bromocamphor. 
in the equilibrium-mixture is 
therefore 11 per cent. as deduced in 1906 from measurements of 
solubility. 
Summary. 

(1) «’B- and «a’z-Dibromocamphor have been prepared from 
the «®- and az-isomerides, by adding alkali and then stabilising 
the equilibrium-mixtures by adding an acid. 

(2) Unlike «’-bromocamphor, these two compounds have much 
higher melting points than the corresponding «-compounds. 
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(3) The rotatory powers of «®- and «’B-dibromocamphor are 
opposite in sign, and differ widely from one another. Those of 
am- and «’r-dibromocamphor are very similar to one another, but 
are affected in opposite ways by changes of solvent. 

(4) During the action of alkali on «f-dibromocamphor an oily 
by-product is formed. ‘This is probably a derivative of campholenic 
acid. 


One of us (H.B.) is indebted to the Commissioners of the Exhibi- 
tion of 1851 for a grant, with the help of which the work was carried 
out. 
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CCXI.—Resolution of the «d-Dihydroxy-a-methyl- 
d-isopropyladipic Acids. 
By Tuomas ANDERSON HENRY and Humpurey Pacer. 


In a previous paper (T., 1921, 119, 1720), it was shown that the 
hydrocarbon fraction of chenopodium oil on oxidation with potass- 
ium permanganate in acetone yielded considerable quantities of 
the two «é-dihydroxy-«-methyl-5-1sopropyladipic acids, melting at 
189° and 203—204°, and that these were derived from «-terpinene. 
Both acids proved to be optically inactive, as was to be expected. 
A third inactive form of the acid, melting at 190—191°, was described 
by Nelson (J. Amer. Chem. Soc., 1911, 33, 1411; 1913, 35, 87) as 
produced by the oxidation of the erythritol (IT) derived from 
ascaridole (I). In the course of the authors’ work on chenopodium 
oil, considerable quantities of these acids have been obtained, and 
they have taken the opportunity of investigating them more 
completely. 

Inspection of the formula of the acid indicates that only two 
inactive modifications (III and IV) should exist, and re-examination 
of Nelson’s acid shows that it is identical with the acid melting at 
203—204°, and not, as Wallach suggested (Annalen, 1912, 392, 67), 
with that melting at 189°. The known inactive acids are thereby 
reduced to two. 
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Of these, one melts at 203—204°, is very sparingly soluble in 
water and other solvents, and loses two molecules of water with great 
difficulty, yielding Wallach’s supposed dilactone, m. p. 62°. The 
other acid melts at 189°, is readily soluble in water, and yields 
Wallach’s second dilactone, m. p. 74°, with great ease. These 
differences are characteristic of those which exist between the 
inactive forms of «é-substituted adipic acids, such as «5-dimethyl- 
adipic acids (meso-form, m. p. 142°, solubility in water 0-56 per 
cent.; racemic form, m. p. 70—72°, solubility in water 6-7 per cent. ; 
Noyes, J. Amer. Chem. Soc., 1910, 32, 1057), and «d-dihydroxyadipic 
acids (meso-form, m. p. 174°, less soluble; racemic form, m. p. 146°, 
more soluble; Le Sueur, T., 1908, 93, 716; 1910, 97, 173). 

It seemed reasonable to assume, therefore, that the acid melting 
at 203—204° corresponded to the meso-form and that melting at 
189° to the racemic form of these analogous acids, and could be 
regarded respectively as anti- (III), and para- (IV) forms; terms 
which have been revived by Dakin to distinguish the two inactive 
forms of hydroxyaspartic acid, which are analogous with the acids 
now dealt with (J. Biol. Chem., 1921, 48, 273; 1922, 50, 403). 

The facts are, however, not quite so simple. The acid of higher 
m. p. does not, as Wallach stated, lose two molecules of water when 
boiled with hydrochloric acid and form the “ dilactone,” m. p. 62°. 
This change occurs only on dry distillation under reduced pressure. 
Further, the supposed “‘ dilactone ”’ is in reality the anhydride (V) 
of 1 : 4-cineolic acid, and yields the latter acid on hydration. The 
more fusible acid, on the contrary, readily yields a dilactone, m. p. 
74°, when boiled with hydrochloric acid, but only to the extent of 
50 per cent. of its weight, and the residual liquor left in the flask 
now contains the remaining 50 per cent. in the form of the acid 
melting at 203—204°. Further, this dilactone on hydration yields 
a new acid, m. p. 198°, intermediate in solubility between the two 
already described, which reproduces the dilactone, m. p. 74°, in the 
calculated yield when boiled with hydrochloric acid. Separation 
of the two components of the acid m. p. 189° can also be partly 
effected by crystallisation of the quinine salt, the d-form of the acid 
m.p. 203—204° separating first and the d-form of the acid m. p. 198° 
remaining in the final mother-liquors, but the optical antipodes of 
these cannot be isolated from the middle fractions by crystallisation. 
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As Wallach had already synthesised the acid melting at 189° 
(Annalen, 1908, 362, 268) from dimethylacetonylacetone, his 
experiments were repeated, and yielded not one but all three inactive 
acids, the relative amounts obtained being acid of m. p. 203—204°; 
acid of m. p. 189°; acid of m. p. 198° = 3:1:1. There can be no 
doubt that the acid melting at 189° is a chemical individual, since it 
crystallises quite differently from the other two forms, is more 
soluble than either, and is separable from either by crystallisation. 
Further, it can be prepared by dissolving the other two forms in 
hot water, allowing whichever form is in excess to crystallise out, 
and then concentrating the liquid until crystallisation again begins, 
when the form, m. p. 189°, invariably separates. 

A similar form of ««-dimethylglutaric acid, 

CO,H-CHMe-[CH,]},*CHMe-CO,H, 

m. p. 105—107°, was described by Bone and Perkin (T., 1896, 69, 
268), which, though not separable into its components by fractional 
crystallisation from any solvent, could be separated into the 
ordinary trans- and cis-forms by crystallisation of the calcium 
hydrogen salt (compare Auwers, Ber., 1895, 28, 263), or by warming 
with acetyl chloride, when the cis-form readily yielded an anhydride, 
whilst the trans-form remained unchanged. 

It seems clear in view of their physical properties and the differ- 
ence in their modes of losing water that the acid of m. p. 203—204° 
is the anti-form, and the acid of m. p. 198° the para-form, whilst the 
third acid, m. p. 189°, is a combination of these two. Unlike most 
of the similar acids in this series, no evidence has been found of 
interconversion between the anti- and para-forms. 

The anti and para-acids have both been resolved into their 
optically active forms, the former by fractional crystallisation of 
the quinine and cinchonine salts, the second alkaloid being the more 
convenient agent, and the latter by the use of quinine. The 
principal facts regarding the two pairs of optically active forms and 
their salts are summarised in the table opposite. 

It will be seen from this table that in the case of the anti-acid, 
J-quinine and d-cinchonine both separate the dextro-form of the 
acid first, whilst d-quinidine effects virtually no separation, the salts 
with the d- and /-forms of the acid being about equally soluble. 
In the case of the quinine salt, there appears to be no change in the 
sign of rotation, the salt with the d-acid being, as is to be expected, 
of lower rotation than that of the salt with the l-acid. With 
quinidine, on the contrary, such a change does occur, the salt with 
the l-acid having a higher rotation than that with the d-acid. In 
the vase of cinchonine no comparison can be made, as the salt with 
the /-acid is abnormal in composition. 
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Name. 


dl-anti-Acid 


EEE © occccsavsseneceses 


sodium salt 


[a]p- 


+7-37° 
(in alcohol) 


Solubility at 20°. 
Grams in 100 c.c. 
1-16 in alcohol; 

0-45 in water. 
1-10 in alcohol; 
0-50 in water. 


neutral quinine salt , Less soluble. 
acid cinchonine ” ” 
neutral quinidine : More soluble.* 


l-anti-Acid : 


sodium salt 


neutral quinine salt 


cinchonine Tf 


neutral quinidine ,, 


d-para-Acid 


(in alcohol) 
4+9-94 
(in water) 
—4-03 
— 134-5 
—9-6 


1-14 in alcohol; 
0-41 in water. 


More soluble. 
Less soluble. * 
4-45 in alcohol ; 


1-20 in water. 
4-17 in alcohol. 


1-10 in water. 


More soluble. 
4-09 in alcohol; 
1-00 in water. 


(in alcohol) 
—10-9 
(in water). 
+4-41 -—- 
—111-4 Less soluble. 


* There is little difference in the solubility of the quinidine salts of the 
l- and d-acids. : 


+ The cinchonine salts of the d- and /-forms are not comparable (see p. 1886). 


With the para-acid, the opposite state of things occurs as regards 
the solubility of the quinine salts, the salt of the /-acid separating 
first. Further, there is a change of sign on conversion of the active 
acids into sodium salts, the sodium salt of the /-acid being dextro- 
rotatory, and vice versa, and this also seems to occur with the quinine 
salts, that of the d-acid having a higher levorotation than that of 
the l-acid. Changes of sign on conversion into salts have been 
noticed before in this series of acids; for example, Le Sueur’s 
d-dihydroxyadipic acid gave a levorotatory ammonium salt (loc. 
cit.). With regard to the relative solubilities of the salts of the 
optically active forms of acids with alkaloids of the cinchona group, 
King has shown recently (T., 1922, 121, 2578), that the stereo- 
chemical factor is not the sole determining influence on the solubility 
of these salts; for example, the least soluble tropate of J-quinine 
and d-hydrocinchonine is the salt of the d-acid, whilst with d-hydro- 
quinidine it is the salt of dl-tropic acid, and with d-quinidine the salt 
of the /-acid. 

EXPERIMENTAL. 
Preparation of the Acids.—(a) From «-terpinene. The pre- 


paration and separation of the two forms, m. p. 203—204° and m. p. 
3s* 
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189°, from the «-terpinene present in chenopodium oil has been 
described already (loc. cit.). The yield from 1,000 c.c. of the hydro- 
carbon fraction of the oil, which probably contains about 16 per 
cent. by volume of «-terpinene, is about 16 grams of the crude 
- crystalline acids, from which, on recrystallisation from boiling water, 
about 10 grams of the high-melting and about 5 grams of the 
low-melting form are eventually obtained. 

(6) By synthesis from dimzthylacetonylacetone. The dimethyl- 
acetonylacetone (b. p. 209—212°/751 mm.) was prepared from 
methylheptenone made by Verley’s method from citral (Bull. Soc. 
chim., 1897, [iii], 17, 175). The yield of the diketone, expressed on 
the citral used, was about 21 per cent. 

After preliminary trials, the following method was found to give 
the best yield of the required acids. Twenty grams of the diketone, 
cooled to 0°, were mixed with 24 grams of potassium cyanide dis- 
solved in 30 c.c. of water, and, after standing for some time at room 
temperature, 31-5 c.c. of concentrated hydrochloric acid were 
added very slowly, the mixture being kept well cooled and shaken, 
and then left for forty-eight hours at room temperature. On 
extraction with ether, this yielded 25 grams of viscous, yellow oil, 
which was at once mixed with twice its volume of concentrated 
hydrochloric acid, heated during 1 hour at 100°, and then steam- 
distilled. ‘The dilactone came over slowly as a viscous, yellow oil, 
which sometimes crystallised at once in the condenser or the 
receiver and sometimes only after saturation of the aqueous dis- 
tillate with salt. After filtering off the separated dilactone, the 
remainder, mixed with some neutral products, was obtained by 
extracting the distillate with ether. The total yield of dilactone 
was about 5 per cent. of the weight of diketone taken; it melted 
at 74°, and the melting point was not changed by recrystallisation 
from ether (Found: C = 60-40; H=7-39. Cale. for Cy9H,40,, 
C = 60-60; H = 7-07 per cent.). 

The mother-liquor left in the distillation flask, which was ap- 
parently not examined by Wallach, was allowed to cool, poured from 
the considerable quantity of tar formed, and thoroughly extracted 
with ether, when it yielded about 5 grams of crude crystalline 
acids, which on recrystallisation from boiling water were separated 
into the acid of m. p. 203—204° (4 grams), and the acid of m. p. 
189° (1 gram), neither of which showed any depression in melting 
point when mixed with the acids of similar melting point prepared 
from «-terpinene. 

The crystalline dilactone, m. p. 74°, and the mixture of this with 
neutral products (see above) were separately treated with 2N’-sodium 
hydroxide; the former dissolved completely, and on acidification 
the solution yielded an acid crystallising in rosettes of transparent 
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prisms which melted sharply with effervescence at 198°, and after 
cooling re-melted at 72—-74°, being reconverted into the dilactone. 
The oily product did not dissolve completely in 2N-sodium hydroxide 
solution even after standing several days, or on heating on the water- 
bath. The liquid was therefore extracted with ether, and the clear 
alkaline solution on acidification yielded the same acid melting at 
198°. Seven grams of the pure acid were dissolved in 250 c.c. of 
boiling water (forming a supersaturated solution, which only began 
to crystallise after some days), and crystallised in six fractions, all 
of which melted at 198° (Found: C = 51:06; H = 7-67. Cale. 
for dihydroxymethylisopropyladipic acid, C,)9H,,0,, C = 51:27; 
H = 7-69 per cent.). Mixed with the acid of m. p. 203—204°, the 
melting point is depressed to 187—189°, whilst a mixture with the 
acid of m. p. 189° begins to melt at 189°. 

The oily neutral product extracted, with some of the dilactone, 
from the distillate by ether, after purification with sodium hydrogen 
sulphite, distilled at 105—130°/10 mm. or 205—215°/760 mm., and 
on treatment with semicarbazide yielded two substances melting 
at 189—190° and 174° respectively. These were separated by 
crystallisation from alcohol; the former, which is the less soluble, 
crystallised in pearly plates and was identified as the semicarbazone 
of tanacetophorone (Found: C = 59-29; H = 8-54; N = 22-59. 


Cale. for CoH,,ON;, C = 59-67; H = 8-29; N = 23-2 per cent.), 
this being formed, no doubt, from dimethylacetonylacetone by the 
loss of a molecule of water thus : 


H,°CH 


The second semicarbazone, m. p. 174°, crystallised in colourless 
needles. It was obtainable only in small amount, showed no 
depression in melting point when mixed with tanacetophorone- 
semicarbazone, and is possibly the latter with some persistently 
adherent impurity (Found: C = 58-61; H = 8-48 per cent.). 

Separation of the Acid of m. p. 189° into the Acid of m. p. 198° and 
the Acid of m. p. 203—204°.—One gram of the acid of m. p. 189°, 
obtained by the oxidation of «-terpinene, was boiled for forty-five 
minutes with 20 c.c. of concentrated hydrochloric acid, and the 
solution diluted with water and steam distilled, yielding 0-44 
gram of crystalline dilactone, m. p. 72—74°. From the residual 
liquor in the flask, 0-53 gram of acid was isolated, which on recrys- 
tallisation melted at 204°. The dilactone on hydrolysis by alkali 
yielded the calculated amount of the acid of m.p. 198°. In a second 
experiment, from 3-5 grams of the acid of m. p. 189°, 1-6 grams of 
dilactone, m.p. 72—74°, were obtained. 

Conversion of the Acid of m. p. 203—204° into the Supposed 


Dilactone, m.p. 62°.—Wallach stated that this acid was readily 
3s* 2 
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converted, by boiling with moderately concentrated hydrochloric 
acid, into a dilactone, m. p. 62°. 1-2 Grams of the acid were boiled 
with 30 c.c. of 20 per cent. hydrochloric acid for one hour, and the 
liquid distilled almost to dryness. The dissolved acid crystal. 
lised out during the distillation, and was recovered unchanged. It 
was then boiled for one hour with 20 c.c. of concentrated hydro. 
chloric acid, and again distilled almost to dryness, with the same 
result, and eventually 1-14 grams of the acid were recovered un- 
changed. Repetition of Wallach’s dry distillation of the acid was, 
however, more successful. One gram of the pure acid was distilled 
under reduced pressure in a small distilling flask, through which a 
slow stream of carbon dioxide was passed by means of a capillary 
tube, the flask being heated in a bath of liquid paraffin. Decom- 
position began at 200°, and heating was continued until evolution 
of gas stopped. A viscous, yellow oil, amounting to 0-76 gram (90 
per cent. of the theoretical), collected in the receiver. On standing 
on ice, part of the oil crystallised, and this, after recrystallisation 
from ether, melted at 65° (Found: C = 59-7; H=6-5. Calc. for 
C19H,,0,, C = 60-60; H = 7-07 per cent.). The low figure for 
carbon and the high figure for hydrogen are due to the difficulty of 
drying such a small quantity of a somewhat volatile substance. On 
addition of the calculated quantity of 2N-sodium hydroxide 
solution, the product dissolved, forming a clear liquid, which on 
acidification deposited an oil which crystallised almost at once in fine 
needles; these, after recrystallisation from hot water, melted 
constantly at 122°. Admixture with 1: 4-cineolic acid caused no 
depression in melting point (Found: C = 55°51; H= 7-7. Cale. 
for 1: 4-cineolic acid, C,)H,,0;, C = 55-5; H = 7-46 per cent.). 
The volatile, crystalline product must therefore be the anhydride 
(V) of this acid. Nelson has already recorded the formation of 
this substance by the dry distillation of his «5-dihydroxy-«-methy]- 
isopropyladipic acid, m. p. 190—191° (loc. cit.). The formation of this 
substance by dry distillation confirms the view that the 203—-204° 
acid is the anti-form. 


Resolution of the anti- and para-Acids. 


A. anti-Acid, m. p. 203—204°.—Wallach only obtained this acid 
by the oxidation of optically active terpinen-4-ol, and he described 
it as active, but produced no evidence for this. The acid is too 
sparingly soluble in all ordinary solvents for satisfactory observation 
in a polarimeter, but a 15 per cent. aqueous solution of the sodium 
salt showed no optical activity.* 


* Except where otherwise stated, the polarimeter tubes used had 
l= 2 dem. 
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To 7-3 grams of the acid, dissolved in 300 c.c. of boiling 96 per cent. 

alcohol, the calculated quantity of quinine base, dissolved in 100 c.c. 
of alcohol, was added, and the solution left standing for four days, 
when it had deposited 14 grams of quinine salt. The latter was then 
recrystallised from 96 per cent. alcohol until the specific rotation 
became constant at about —128° and the melting point at 227°. 
About 10 grams of material of this quality were accumulated by 
repeatedly working through the middle fractions. The acid 
regenerated from this, and recrystallised, gave a sodium salt having 
[«]p + 3-53°, but on repeating the separation it was found that the 
constancy in melting point and rotation of the quinine salt was only 
apparent, and with other conditions other results were obtained, 
sometimes higher and sometimes lower. Recourse was then had to 
cinchonine, and after various trials it was found that crystallisation 
of the acid cinchonine salt, C,gH,,ON,,C,9H,,0,, from 96 per cent. 
alcohol gave much better results, a fraction melting constantly at 
174° and having [«]) + 116° being ready separable. From 23 
grams of the crude salt, 7-5 grams of the pure salt of the dextro- 
acid having [a], + 115-2° were obtained («) = + 4°6° in alcohol; 
c= 2-11; 7 = 1-894). This salt crystallises in prismatic plates, 
sparingly soluble in alcohol and scarcely soluble in water. It was 
suspended in fine powder in hot water and the calculated quantity 
of 2N-soda added, the cinchonine filtered off, washed twice in a 
mortar with water, and the washings and filtrate concentrated 
to low bulk under reduced pressure, again filtered, and the clear 
solution acidified, when it deposited 3-0 grams of well-crystal- 
lised acid melting at 214°. This was converted into sodium salt, 
which had a specific rotation [«], + 5:1° (« + 1-94° in water, 
c = 19-02). A second determination gave [«], + 5-36° for the same 
conditions. 

The acid regenerated from the sodium salt and recrystallised gave 
in alcoholic solution [«]}}* + 7:37° (c = 0-6 to 1-25), but owing to 
the difficulty of reading such small rotations no great stress is laid 
on the quantitative value of this result. 

The quinine salt made by neutralising the pure d-anti-acid with 
quinine and recrystallising from 96 per cent. alcohol had m. p. 231°, 
and [«], — 127-2°in alcohol (« — 1-79°, c = 0-7454, 1 = 1-894). The 
quinidine salt of the d-acid, made similarly, crystallises from 30 per 
cent. alcohol, and has m. p. 144° and [«], + 154-4° in alcohol 
(x + 15-84°, c = 5-417, J = 1-894). 

The more soluble cinchonine salt could only be obtained as an oil 
for some time, but eventually a portion of this was induced to 
crystallise from a syrupy solution in 10 per cent. alcohol. Yield 
55 grams = 24 per cent. The acid regenerated from this was 
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converted into the sodium salt, as already described, and gave in 
successive readings, the acid being recrystallised each time, [a], 
— 571°, — 5-78°, — 5-62° in water (c = 17-94 to 18-03). The acid 
itself, regenerated as described in the case of the d-acid, melted at 
214°, and in alcoholic solution gave as a mean of three determin. 
ations [«], — 7:20° (c = 0-76 to 1-42), but for the reason given in the 
case of the d-acid great accuracy is not claimed for this result. 

The pure cinchonine salt of the /-acid was made by adding the 
calculated quantity of base to the acid, dissolved in water, and 
distilling off the excess of solvent. On cooling, the salt crystallised 
in colourless, triangular plates, which began to soften at 178° and 
melted completely at about 190°. This salt is abnormal and appears 
to have approximately the composition 3C,gH,,.ON,,2C,9H,,0,. 
It is soluble in little more than its own weight of 96 per cent. 
alcohol. [a] + 145-7° in alcohol (« + 6-96°, c = 2-521, J = 1-894). 

The quinine salt, similarly prepared, crystallises from 50 per cent. 
alcohol in warty masses of colourless needles, m. p. 225°, [«], — 135-6° 
in alcohol («, — 2-72°, c = 1-057, l= 1-894). The quinidine salt 
of the /-acid, similarly made, crystallises from 30 per cent. alcohol 
in warty masses of needles closely resembling the quinine salt in 
appearance. It melts at 154° and has [«]p) + 162-4° in alcohol 
(« + 17°37°, c = 5-645, 7 = 1-894). The quinidine salts of both 
the d- and the J- acid separate from hot solution in dilute alcohol as 
oils, which slowly crystallise on standing, and are to some extent 
soluble in water. 

para-Acid, m. p. 198°.—Five grams of this acid were converted 
into the neutral quinine salt, and the crude salt recrystallised 
from 96 per cent. alcohol in the usual manner until a constant 
product, m. p. 212°, [«], — 111-9° in alcohol (a) — 3-18°, c = 1-420), 
was obtained. The yield was 2-5 grams. A repetition of this 
separation, using 8-3 grams of acid and crystallising from dilute 
alcohol (30 to 50 per cent.), gave 6-8 grams of pure quinine salt, 
m. p. 213°, [«], — 111-4° in alcohol (a) — 4°62°, ¢ = 2-074), but 
the use of weaker alcohol, involving a higher temperature on con- 
centration, leads to gradual darkening of the solution and makes 
it more difficult to recover the more soluble quinine salt. 

The acid regenerated from the pure less soluble quinine salt 
melted at 208°, re-solidified on cooling, and then re-melted at 74°, 
owing to conversion into the dilactone. The sodium salt in aqueous 
solution gave [a]p + 4:25°, + 441° (« + 1-49°, 1-62°; c = 17-54, 
18-36). The free acid had [a]?! — 10-96° in water (a — 0-22°, 
e = 1-004) and — 9-55° in 96 per cent. alcohol ({[«], — 0-74°, 
ce = 4-091, 7 = 1-894). 

The more soluble quinine salt was difficult to obtain in satisfactory 
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condition, for the reason already stated, but after many crystal- 


ve in 
[a], lisations (1) 8-6 grams of well-crystallised salt, m. p. 207°, [«], —129-4° 
acid in alcohol («a — 4:99°, c = 2-035, 1 = 1-894), and (2) 6-5 grams of 


ultimate residue, partly crystalline, were obtained. Fraction 1 
proved to be only partly resolved, since the sodium salt of the 
acid regenerated from it had [«], — 1-69°. Fraction 2 yielded an 
acid which melted at 206° and after cooling re-melted at 74°. On 
conversion into the sodium salt, the latter gave [«], — 395°, —4-11° 
in water (« — 0-46°, 0-48°; c— 6-3, / = 1-894), and the acid 
regenerated from this still melted at 206°, and showed specific 
rotation [«], + 9:03 -++ 9-94° in water (a -+-0-20°, 0-22°, c = 1-107), 
and [«], + 9-12° in alcohol (« + 0-72°, c = 4:17, 1 = 1-894). The 
quinine salt made from the pure acid and recrystallised from dilute 
alcohol melted at 207° and had [«], — 134-5° in alcohol (« — 7-60°, 
c = 2-98, ] = 1-894). 

Acid, m. p. 189°.—This acid on conversion into the quinine salt 


and fractional crystallisation of the latter yielded (i) a small fraction 
salt which after purification had m. p. 228° and [a], — 130-5°, (ii) a 
hol large middle fraction which showed varying melting points on 


recrystallisation, and (iii) a small ultimate fraction, which could not 


in 

hol be obtained well crystallised. The acid regenerated from fraction 

th (i), on recrystallisation from water, proved to give a dextrorotatory 

as sodium salt, and on fractional crystallisation from boiling water was 

nt separated into the acid of m. p. 205° and the acid of m. p. 187° in 
about equal proportions. The acid regenerated from fraction (ii) 

ed was largely unchanged acid of melting point 189°, whilst that 

ed recovered from fraction (iii) gave a levorotatory sodium salt, and 

nt appeared to consist in part of the dextro-form of the acid m. p. 

)), 198°. As shown already (p. 1883), results obtained in other ways 

Lis proved that the acid melting at 189° is a combination of the anti- 

te and para-acids, into which it can be separated. 

: The authors desire to express their thanks to Mr. F. Walton and 

" Mr. S. E. Pusey for much help with the experimental work. 
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CCXII.—Studies on the Dolomite System.—Part II. 


By Auian Ernest MITCHELL. 


THE process of formation of dolomite, still a matter of obscurity, 
is of interest in connexion with recent developments in geophysical 
chemistry. Hitherto, we have had to look almost entirely to 
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the geologist for an explanation, since, with one notable exception, 
no work of a quantitative nature has been attempted. 

Pfeff (Neues Jahrb. Min. Geol. Beil-band, 1907, 23, 529), in an 
examination of the Seine bank formation in France, concluded 
that in this particular case the substance was formed partly by 
direct precipitation from sea-water and partly by replacement of 
calcium in calcite during interaction with magnesium salt solutions; 
the presence or absence of organic material had nothing what- 
soever to do with the formation, which was in general due to 
replacement and was quite independent of the depth. 

Judd and Skeats (Roy. Soc. Rep., 1904, 362), from an examination 
of the specimens collected by the David expedition to Funa Futi, 
claimed that in this particular instance the dolomite was pre- 
cipitated along with calcite and arragonite from sea-water, and 
that in all cases the specimens are distinctly shallow-water form- 
ations. 

David (Proc. Roy. Soc., 1897, 62, 200), in an examination of the 
Funa Futi atoll, found that dolomitisation of the reef was apparent 
from the surface downwards and was complete at a depth of only 
sixty feet. 

Link (Tonindustrie Ztg., 1909, 33, 609) suggests that the principal 
source of dolomite is calcareous sediment of animal or vegetable 
origin that has been subjected to the action of ammonium carbonate 
produced by the decomposition of the organic material of the sedi- 
ment, in the presence of magnesium salt solutions, and, further 
(Monatsh. Deutsch. Geol. Ges., 1909, 230, 41), that dolomite is 
formed at but slightly elevated temperatures and pressures as 
the result of a simple equilibrium between calcium- and magnesium- 
ions and the solid carbonate in accordance with the law of mass 
action. 

Spangenberg (Zeit. Kryst. Min., 1914, 52, 529), working with 
various forms of calcium carbonate and magnesite at temperatures 
up to the boiling point of the solutions and under various pressures 
of carbon dioxide, isolated a substance which he claimed as synthetic 
dolomite. [rom a comparison of its physical properties with those 
of the purest natural mineral, however, it seems that the sub- 
stance was not dolomite, but was more probably a mixture of 
calcite and magnesite, or of vaterite and magnesite. 

Leitmeier (Jahrb. Min. Beilageband, 1916, 40, 655) was unable 
to crystallise dolomite by evaporation of solutions containing both 
calcium and magnesium bicarbonates. 

Numerous other attempts to explain the formation of dolomite 
from various solutions under varying conditions have all failed. 
The general opinion seems to be that direct precipitation from 
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sea-water and also replacement reactions with calcite may be the 
responsible processes. Views regarding the conditions of tem- 

rature and pressure obtaining during the formation are some- 
what indefinite, but these are usually considered as being very 
little above sea temperature and atmospheric pressure. 

Although the experiments described on pp. 1893, 1902, furnish 
evidence of the formation of certain definite compounds underthecon- 
ditions stated, nothing much is to be derived from them in elucidation 
of the problem under consideration. Sea-water is certainly alkaline, 
put the alkalinity is by no means as large as that required for the 
production of the compounds obtained; moreover, the solutions 
employed were so complex ionically that it would be impossible 
under the present conditions to discuss their equilibria in any way. 

Failure to produce dolomite by these methods may easily be 
explained if we consider the time factor involved in the formation 
of the mineral. Geological evidence goes to show that the form- 
ation takes place practically at sea level. The evidence collected 
by the Funa Futi expedition, the object of which was primarily to 
test the various theories of the formation of coral reefs, shows that 
the Darwin and the Murray theory both furnish acceptable ex- 
planations of the various phases of the formation. Elevation or 
subsidence as a geological phenomenon requires geological times 
for its completion, and thus it is easy to see that if dolomite is 
deposited from sea water, the time factor is in its favour under 
these conditions, and that the only hope of preparing dolomite 
in the laboratory would be to increase the velocity of the reaction 
enormously. ; 

The most obvious method of doing so is to increase the con- 
centration of the carbon dioxide, and therefore of the alkaline- 
earth carbonates, in the solution by increasing the pressure of the 
gas above it. For the proper study of this system, therefore, it 
is necessary to investigate, first of all, the solubility relationships 
of the carbonates of calcium and magnesium, both alone and when 
mixed as solid phase, under varying pressures of carbon dioxide 
and up to the critical pressure for the formation of either solid 
bicarbonate; in the first instance, this involves the separate in- 
vestigation of the solubilities of calcite and at least one of the 


carbonates of magnesium. 


The Equilibrium of a Carbonate or of a Mixture of Two Carbonates 
in Contact with Water. 

With most electrolytes the determination of the solubility 

product is a simple matter because the solvent is pure water. But 

with the system under investigation here, the simple determination 
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is impossible, since, first, in pure water there is an indeterminat, 
but appreciable amount of hydrolysis, and, secondly, it has beep 
shown by Johnston (J. Amer. Chem. Soc., 1915, 37, 2001) that with 
these substances there cannot be true equilibrium unless the 
solutions be in contact and have come to equilibrium with a definite 
partial pressure of carbon dioxide. 

If this second condition be realised and the concentration of 
the solution in contact with a definite solid phase be known, the 
solubility product can be calculated. Consider the case of a carbon. 
ate MCO, in contact with its saturated solution in equilibrium with 
a definite partial pressure (P atms.) of carbon dioxide. We then 
have 


(i) [M™][CO,”] = Ky, 
(ii) [H"J[HCO,']/[H,CO,] = Ky, 
(iii) [H"][(CO,”]/[HCO,’] = Kz, 


in which the solubility product is expressed by (i), whilst (ii) and 
(iii) have their usual significations in expressing the first and second 
dissociation constants respectively for carbonic acid. Then the 
equilibrium in the solution between carbon dioxide and the car. 
bonic acid formed from it may be represented by 


[H,CO,]/[COg], = n/1 — n, 


where ” denotes the fraction of carbon dioxide existing in the 
solution as carbonic acid and [CO,], denotes the concentration of 
free carbon dioxide. An actual determination of the molal 
solubility, c, of the gas gives 


([H,CO;] + [CO,],)/P = ¢, 
so that we may write 
(iv) [H,CO,] = neP. 


No definite value can be assigned to n, but it has been shown 
by Walker and Cormack (J. Amer. Chem. Soc., 1900, 77, 13) to 
be greater than 0°5 at 18°, so that it cannot be omitted from con- 
sideration. It will be seen also that on the value assigned to n 
the ultimate numerical value of Ky must depend. 

Values of c are very easy to determine, and work has been 
carried out with a considerable number of solutions as well as 
with water alone. Bohr (Ann. Physik, 1899, 68, 509) gives values 
for the solubilities of carbon dioxide in water and in sodium 
chloride solutions for a range of temperatures up to 60°, and Geficken 
(Z. physikal. Chem., 1904, 49, 527) gives values for several other 
salt solutions and for a few common acids. These two investig- 
ations show that the value of c is almost the same in different 
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salt solutions, and that it is practically inversely proportional to 
the concentration of the solutions, or, more accurately, inversely 
proportional to the total ionic concentration. 

All the absorption coefficients required have been obtained from 
a large-scale graph of Bohr’s figures on the assumption that the 
value of c is the same for alkaline earth bicarbonate solutions as 
for sodium chloride solutions of the same equivalent concentrations. 

From equations (ii) and (iii), we get, by division, 

(v) [HCO,’?/[CO,”][H,CO;] = K,/K, = 1, 
and combining (iv) and (v), 

(vi) [HCO,'}*/[CO,” JeP = nr. 

Johnston (loc. cit.) has calculated the value of mr from McCoy 
and Smith’s results (Amer. Chem. J., 1903, 29, 437) by means of 
Noyes’s rule, and found that it is independent of pressure for any 
fixed concentration, but diminishes with increasing concentration, 
and that the limiting value for zero concentration of salt is 5600. 
By means of this value we can arrive at a more definite value of 
K, than has hitherto been obtained, for, from the work of Walker 
and Cormack (loc. cit.), 

[H'WHCOs]  _ 3.04 x 107 at 18° 
[H,CO3] + [COs], 
whence K, = 3:04 x 10°7/n at 18° or 3°4 X 10°7/n at 25°. 


we have 


34x107 wn . ° 
Therefore K, = K,/r= ne ee, 6 x 107" at 25°. 
This value is identical with the original result of McCoy, and with 
that of Shields (Z. physikal. Chem., 1893, 12, 167), which on re- 
calculation gives Ky = 5°9 x 10713. 
Substituting the value of [CO,’] (equation i) in equation (vi), 
we get 


(vii) nrKy = [M"][HCO,’2/cP. 


We are thus able to calculate the solubility product for a carbonate 
of the type of MCO, if we know the factors on the right-hand side 
of equation (vii), and these are very easily obtained from the 
measurements of the solubility as postulated above. When 
working with solutions of low carbon dioxide content, it will, of 
course, be necéssary to correct for the small amount of neutral 
carbonate unavoidably present. Then, if the appropriate degrees 
of ionisation are known, all the necessary factors will be determin- 
able. 

This simple case may now be extended to that of a solid phase 
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composed of a mixture of two carbonates, MCO, and NCO,. Equa. 


tion (i) of the initial case now becomes 
(ia) [M"*][N“"][CO,”] = Ku, 


where Kyy represents the combined solubility product or Ky x 
Ky, whilst the other equations (ii to vii) remain as before. 

Substituting the value of [CO,’}* (equation ia) in equation (vi), 
we get. 


(viii) n%2K yy = [M"][N“|[HCO,’}#/c2P2. 


The expression of the results will be the same as before, with the 
exception that in this case we must take into account the effect 
of the common ion upon the degrees of ionisation of the two salts 
in solution. The widely established Noyes rule has been employed 
for this purpose and the results thus obtained have. been used in 
the corresponding calculations of n?r?K yy(= n?r2K p for dolomite). 


EXPERIMENTAL. 
Conditions of Formation of Dolomite. 


In view of the prevalent idea that dolomite can be formed by 
direct precipitation from sea-water, it seemed that the most 
natural way to investigate the problem would be to introduce 
the conditions of concentration, etc., which prevail in the sea, 
and to apply the methods in common laboratory use for the growth 
of crystals of sparingly soluble substances. Solutions were there- 
fore made up from the formulz given in the reports of the Challenger 
expedition, and by Schleessing (Compt. rend., 1906, 142, 320), 
except that in this case the proportions of magnesium chloride 
and calcium carbonate were slightly increased. 

Five hundred c.c. of “ artificial sea-water,” lacking magnesium 
chloride and calcium carbonate, were very slowly stirred in a beaker 
while solutions of N’/25-magnesium chloride and saturated calcium 
bicarbonate, prepared by saturating a calcium hydroxide solution 
with carbon dioxide at atmospheric pressure, were allowed to 
enter drop by drop from burettes placed at diametrically opposite 
sides of the beaker until 100 c.c. of each had been added; no 
precipitate formed, even after several days. The solution was now 
rendered alkaline by means of 10 c.c. of N/20-sodium carbonate; 
a precipitate appeared six hours after and had increased to twice 
its bulk after a week. The grains were of extremely irregular 
character and were so small as to prevent accurate determination 
of their optical properties, except that it was possible to see that 
the refractive index was slightly greater than 1°69, and the bire- 
fringence was very strong. The substance was neither hydrated 


——— ee Oe ll CC 


MITCHELL: STUDIES ON THE DOLOMITE SYSTEM. PART I. 1893 
MgO = 


nor basic in character (Found: CaO = 26°50, 26°45; 
25°10, 25°10; CO, = 48°61, 48°58 per cent.). 

Other experiments were carried out in which the proportions 
of the reagents were varied over a wide range, and although the 
results were not always in good agreement amongst themselves 
and were not always reproducible, it was found that, in general, 
under conditions of slight alkalinity, that is, pg = 7—9, and with 
concentrations of calcium and magnesium salts up to N/10, the 
product of reaction at 25° was very similar to that obtained by 
Link. The crystals consist of sphericular aggregates of refractive 


the index very similar to that of dolomite. The birefringence is very 
ect high, but because of the interference, is obviously anomalous. 
ilts Analyses show that the crystals do not vary much in composition 


and are very similar to those obtained by Link. 


in 

e) Normality of magnesium salts. Link’s 
' N/50 N/20 N/15 N/10 salt. 
% CaCOsg .....- 55-50 55-23 55-41 55-60 54:8 
% MgCO, .... 44:26 44-80 44-85 44-60 44-8 

99-76 100-03 100-26 100-20 99-6 

. : 
: In another set of experiments, equal volumes of a solution 


containing equivalent quantities of calcium and magnesium 
chlorides and NV /10 with respect to total chlorine, and of a N/10- 
solution of sodium carbonate were allowed to drop as before into 
a litre of water, about 500 c.c. being added in eight hours. A 
fortnight later, when some 300 c.c. of water had evaporated, a 
very fine-grained precipitate was obtained. This was almost 
structureless as far as could be scen from microscopic examination, 
although it was definitely anisotropic. The refractive index was 
163 (Found: H,O = 14°81, 14-62, 14:75; CaO = 23-51, 23-59, 
23:82; MgO = 16-20, 16-14, 16-23; CO, = 46-00, 46-03, 45-97 
per cent.). The composition therefore corresponds very closely 
to the formula CaCO,,MgCO,,H,O, and is similar to that of some 
of the hydrodolomites described by Doelter (“ Handbuch der 
Mineralchemie,”’ Bd. I, p. 364, etc.). 


Solubility of Calcium and Magnesium Carbonates. 


Apparatus——In most of the previous measurements of the 
solubility of these carbonates, Henry’s law was assumed to hold 
with fair accuracy for carbon dioxide, but in very few experiments 
were actual measurements of pressure made. In the present 
work it was regarded as essential that it should be possible actually 
to measure the pressures of carbon dioxide employed, and since 
these were necessarily greater than 20 atmospheres, the design of 
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@ suitable apparatus gave some difficulty. The apparatus actually 
employed is shown in detail in Fig. 1. The central vessel, V, is 
a cylindrical steel bomb, rendered gas-tight by means of the lead 
washer at Z. The actual details of the construction are evident 
from the diagram. All valves are of the usual needle type, working 
through stuffing-glands packed with cotton and tallow. In order 


to obviate errors which would arise through solutions coming in 
contact with the steel of the vessel, V is provided with a tightly 
fitting silver liner, the lid of the bomb is covered on the inside by 
a silver face-plate, and the tube S, which admits the gas to the 
solution, is also of silver. The silver vessel was about two-thirds 


filled with water, and the solids were added. It was then slid 
into place, and all joints having been made tight and the valves 
A and B being open, carbon dioxide from a cylinder entered through 
the coupling at H, passed through A and the filter tube G, bubbled 
through the liquid, and finally escaped at B. The particles em- 
ployed were all small enough to remain suspended for considerable 
periods, and therefore efficient stirring could be secured by regulat- 
ing the rate of out-flow of the gas at B. When equilibrium had 
been established, and it was required to remove the solution for 
analysis, A and B were closed and C and D opened, so that the 
liquid was forced by the pressure through the filter tube G, in 
which any suspended solid was collected, and the liquid issuing 
at 7’ could then be collected in any vessel at will. The construction 
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of G is such that any filtering material can be placed between the 
perforated plate Y and the plug X. Various substances, including 
spongy silver, asbestos, and cotton-wool, were tried for this purpose, 
and the last proved to be the most efficient. The bomb and the 
valve blocks were contained in an oil-bath which was electrically 
heated and its temperature controlled to + 0-1°. The pressures 
were measured by means of an accurate Bourdon gauge at #, 
which was tested from time to time against a standard gauge and 
corrections applied when necessary. 

Effect of Pressure on the Solubility.—McCoy and Smith (J. Amer. 
Chem. Soc., 1911, 33, 468) have shown that at 25° the critical 
carbon dioxide pressure for the formation of solid calcium bicarbon- 
ate is in the neighbourhood of 15 atmospheres. All their pressures 
were, however, arrived at by use of Henry’s law, which, as has 
been shown by Wroblewski (Compt. rend., 1882, 94, 955, 1355) 
and others, is not necessarily valid for the gas under consideration. 
It was therefore deemed necessary to repeat their work with calcium 
carbonate, actual estimations of the carbon dioxide present in 
the solutions being made for every pressure. This work served 
two main purposes; (1) as regards the solubility of carbon dioxide 
in solutions of calcium bicarbonate at different pressures, to deter- 
mine the deviations from Henry’s law, and (2) by working with a 
known system, to test the accuracy of the technique described 
above. 

Hulett (Z. physikal. Chem., 1901, 37, 385) has shown that the 
limit below which the size of the grain has an effect on the measured 
solubility of a sparingly soluble substance is 2p. Backstrom 
(ibid., 1921, 97, 197) has shown that the same limit holds for 
calcite and aragonite. As the calcite used in the experiments 
now described was precipitated analytical reagent of a very high 
degree of purity, which on microscopic examination was found to 
contain no particles of diameter less than 10 », there was no need 
to take into consideration the effect of the size of the particles in 
the solubility. Biackstrém has shown that equilibrium between 
calcite or aragonite and water under carbon dioxide at atmo- 
spheric pressure is attained only after at least 140 hours. The 
conductivity method as applied by him could not be employed here, 
so that it was necessary to rely on analysis of the solutions from 
time to time to obtain the rate of approach to equilibrium. This 
was determined in the case of calcite in water at 25° and 4 atms. 
pressure. The solutions were allowed to react for a given time 
and a sample was then blown out into a weighed evacuated flask, 
and its weight determined. The total base was estimated by 
direct titration with N/20-hydrochloric acid. The time was then 
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increased until the hydrochloric acid titre became constant for a 
constant weight of sample. The results of this are shown in Table [. 


TaBue I. 
Total Total 
Time calcium Time calcium 
(hours). (mol./litre). K. (hours). (mol. /litre). K. 
24 0-010 a= 96 0-0180 0-0386 
36 0-01295 0-0383 120 0-01802 = 
60 0-0159 0-0367 150 0-0180 — 
84 0-01745 0-0390 
The values of K have been determined from the equation of 


Noyes and Whitney for rate of solution, 


(C — ¢) 

(C — ce)’ 
in which C is the concentration of the saturated solution, that is, 
the final concentration, and c, and Cc, are the concentrations at 
times ¢, and /, (hours), respectively. 

From these results it will be seen that the reaction should be 
allowed to proceed for at least 100 hours; actually, 150 hours 
were allowed. 

Analytical Methods.—Carbon Dioxide. Winkler’s standard 
method (Z. anorg. Chem., 1897, 13, 127) having proved unsatis- 
factory, and precipitation methods in general being untrustworthy 
(Drane, Diss., London, 1922), carbon dioxide was estimated by 
the method described by Johnston (J. Amer. Chem. Soc., 1916, 37, 
947), who states that the only satisfactory way in the case of a 
carbonate in solution in the presence of carbon dioxide is that of 
pumping the gas off while acid is being added to the solution; 
the volume of evolved gas is then measured, and the carbon dioxide 
removed by absorption in potash solution, the contraction giving 
the volume of the carbon dioxide. The amounts of free and of 
combined carbon dioxide having thus been estimated, a knowledge 
of the total quantity of base present and of the other factors 
previously mentioned enables us to calculate the composition of 
the components of the solution. When a constant-volume, water- 
jacketed burette was used for the measurement of the gas, very 
good results were obtained by this method. 

Total Base-—This was estimated by direct titration of the 
carbonate solutions with N/20-hydrochloric acid, with methyl- 
orange as indicator. N/20-Hydrochloric acid was found to be 
affected very considerably by free carbon dioxide, so that the 
precaution had to be taken to titrate until the colour of the solution 
was the same as that of a saturated solution of carbon dioxide in 
water containing the same amount of methyl-orange. 
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In the case of the more saturated solutions, the results were 
checked as follows: calcium was precipitated as oxalate, which 
was washed with hot water, dissolved in dilute sulphuric acid, and 
titrated with N/20-permanganate; magnesium was precipitated 
as magnesium ammonium phosphate from the boiling solution, 
and the precipitate, after standing twenty-four hours, washed with 
10 per cent. ammonia, dried in an air-oven at 60° for an hour, 
dissolved in excess of N/10-sulphuric acid, and titrated with N/10- 
potassium hydroxide, with methyl-orange as indicator. This 
modification of Handy’s method gave excellent results. 


n of 


Separation of Solid Phases in Mixtures. 


In the experiments on mixtures of calcite and nesquehonite, it 
was necessary to make a separation of the solid phases when the 
solution had been drawn off. Spangenberg (loc. cit.) made use 
of the differential solubility of the carbonates in N /3-copper nitrate 
solution. This method was tried, but proved unsatisfactory owing 


be to the formation of large amounts of basic copper salts. A solution 

of 2 per cent. acetic acid was finally employed for this separation. 
- Calcite and nesquehonite are readily soluble in it, and disappear 
on after only one hour’s stirring, whilst ordinary natural dolomite 
hy is practically untouched in that time. It was thus found possible 
by to estimate the dolomite in mixtures of calcite, nesquehonite, and 

dolomite, with an error of 1—2 per cent. The results were found 


to agree to within 1 per cent. in duplicate estimations, and all 
figures given are mean values. 

Preparation of Nesquehonite.—For the preparation of the carbon- 
ate, MgCO,,3H,O, two general methods were employed: (1) the 
method of Knorre (Z. anorg. Chem., 1903, 34, 260), and (2) a 
modification of Gjaldbeck’s method (Kgl. Landbohojskole Aarskrift, 
1921, 245), in which air is blown through a solution of 
M-magnesium sulphate and 2M-sodium bicarbonate in equal 
volumes for about forty-eight hours at the temperature of the 
laboratory (18°). 

Both methods yield a crystalline trihydrate, which, after being 
washed several times with water, is absolutely free from sulphate. 
The second method was mostly employed on account of its rapidity 
and relative economy of reagents. 


The Solubility of Calcite in Water containing various amounts 
of Carbon Dioxide. 


In the high-pressure solubility apparatus described, measure- 
ments of the solubility of calcite in water in contact with carbon 
dioxide at pressures between 4 and 24 atmospheres have been 
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made at 25°. The results are given in Table II. The values of , 
(degree of ionisation) given are those calculated from the con. 
ductivity of equivalent solutions of calcium acetate. It is readily 
seen from the figures that, since the ratio of total carbon dioxide 
to calcium is in all cases greater than 2:1, there is no neutral 
carbonate present in the solutions. Some of the values of McCoy 
and Smith have been recalculated to bring them into line with 
the present work, and these figures are shown in Table III. If 
we follow McCoy and Smith, and plot the concentration of total 
calcium against the cube root of the concentration of un-ionised 
carbon dioxide in the solution, we have a convenient method of 
obtaining an approximately linear relationship, for if we assume 


= ee 
0°712 


— 4 — _———— 
0°612 0°812 


2 /[{ HCO, ] mols. /litre. 


for the purpose that all the carbon dioxide in the solution exists 
as H,CO, we have the relationship 


K = « xX [Ca(HCO,)o]/*/ [H,COg], 


where K is the equilibrium constant. When this is done, we find 
that the curve is almost the same as that given by them, and that 
the transition pressure is not far removed from their value, since 
it is (as nearly as it is possible to measure) 14-2 atmospheres. 

In the calculations of McCoy and Smith’s figures, the values of « 
used are those given by them, and the figures thus obtained do 
not agree well with the present results. The value obtained by 
them for the solubility product K,, from the relationship 


Ke, = [Ca"*[CO”] = 4hyK?/ky, 


where &, and k, have their usual significance, is 0-93 x 10°. If 
the value of ur be taken as 5,600, then we have nrKy, = 5:3 x 10° 
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S of. | which is in close agreement with the values obtained here. The 
Con. concentration of the saturated solution of calcium bicarbonate 
2adily § at 25° is found from the curve to be 0-0267 mol. /litre (shown in 
oxide Fig. 2), which also agrees fairly well with the figures of McCoy 


and Smith. 
As regards the deviations from Henry’s law, it is seen from 


with § Table II that these are by no means large, and become really 
. If apparent only at pressures of carbon dioxide greater than 11 
total § atmospheres. 


TABLE IT. 


c. 


i al. 


Total Total 


oa ape 
ria Atm, [Ca]. [COg,]. Obs. Cale. a. [Ca**]. nrKoaX 10% 
4 00180 0-01702 0-03358 0-03359 0-734 0-0132 5-4 
6 00195 0-240 0-0335 0-03350 0-725 0-01419 5-81 
8 00213 00-3103 0-03346 0-13345 0-7135 0-0152 5-25 
10 0-023 03805 0-03340 0:03330 0-730 0-0162 5-2 
12 0-0250 00-4482 0-03319 — 0-691 00-0173 5-2 
14 0-0265 0-4860 0-03297 0-681 00-0182 5-23 


16 0-0267 0-5877 0:03275  0-0330 
18 0-0267 0-6367 0-03249 0-03285 
20 00-0267 0-7541 0-:03185 0-03245 
0-02674 0-8132 003175 0-03230 


Tas Le III. 


Total Total 
P, [Ca]. [CO,]. oF’. a. [Ca’*]. nrK ca. 
1-1 0-009734 0-03728 0-01781 0-860 0-00789 1-75 x 10-4 
9-9 0-02236 0-3329 0-2882 0-728 0-0165 6-24 x 10 
3-2 0-02495 0-444 0-3942 0-713 0-0178 6-85 x 10> 


1 


The Solubility of Magnesium Carbonate Trihydrate in Water 
containing various amounts of Carbon Dioxide at 25°.—It was 
decided that as a commencement it would be interesting to work 
with nesquehonite instead of with magnesite (as one would normally 
do in the investigation of the formation of a member of an iso- 
morphous series). 

The examination of the system was carried out in exactly the 
same way as that described for calcite, and the results of the 
measurements are given in Table IV. The values of « employed 
are those of equivalent solutions of magnesium chloride derived 
from conductivity data. In connexion with the values of ¢ 
calculated from Bohr’s observations and those actually measured, 
it is seen that the deviations from Henry’s law are not so large 
in this case as in the former one, but the divergence comes in the 
same place in each series. 

Engel (Ann. Chim. phys., 1888, 13, 353) has made determinations 
of the solubility of the substance under pressures of carbon dioxide 
up to 6 atmospheres, and at temperatures up to 50°. Calculation 


sts 
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of these constants have been made by Johnston, and when the 
variation of the constant with temperature is plotted, it is found 
that at 25° the interpolated value is 0-45, which agrees almost 
exactly with that determined in this work for a much wider range 
of pressures. This variation of constant with temperature js 
apparent from Table V. 


TABLE IV. 


Cc. 


Obs. Cale. 

0-0285 0-0286 
0-0276 0-0278 
0-0272 0-0272 
0-0262 0-0268 
0-0243 0-0251 
0-0235 0-0246 


TABLE V. 


(Engel) P = 1 atm. 


Total 

[Mg]. c. , [Mg°*]. nrK yg. 
0-422 0-0525 . 0-283 1-73 
0-326 - 0-0418 ° 0-222 1-05 
0-262 0-0363 . 0-180 0-64 
0-237 0-0328 . 0-164 0-54 
0-187 0-0273 . 0-131 0-33 
0-140 0-0223 ° 0-100 0-18 
0-113 0-0186 . 0-082 0-12 


The Solubility of mixtures of Calcite and Nesquehonite in Water 
containing various amounts of Carbon Dioxide at 25°.—Experiments 
have been conducted with equimolecular mixtures of these two 
carbonates under pressures of carbon dioxide up to 20 atmospheres. 

The results are given in Table VI, where the values of «, and «, 
are those calculated for calcium bicarbonate and magnesium bi- 
carbonate, respectively, by means of the Noyes rule. The values 
of “¢ observed,” and ‘“c calculated” are respectively obtained 
from the actual analyses of the solutions and by interpolation from 
the figures of Bohr for sodium chloride solutions on the assumption 
that, for mixtures of salts, as is actually the case for the individual 
constituents, the nature of the dissolved salt has no effect on the 
solubility of the gas. 


TABLE VI. . 


ee 

[Mg]. [CO,]. Obs. Cale. Qy. G@. mrKon. 
0-158 0-485 0-0285 0-0284 0-676 0-681 0-0133 
0-220 0-734 0-0274 0-0274 0-667 0-667 0-6127 
0-258 0-906 0-0245 0-0250 0-663 0-666 0-0121 
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In an experiment in which the pressure was 20 atmospheres, 
much difficulty was experienced in separating the liquid owing 
to the presence of very finely divided material which it was impos- 
sible to remove by the ordinary method of filtration. Hence all 
analyses at this stage were considerably vitiated. A method of 
filtration has been devised which, it is hoped, will prove satis- 
factory, but at the present time no figures are available for these 
solutions. 

Examination of the solid phases from these solutions gave the 
following results : 

At six atmospheres, after separation of the calcite and the nesque- 
honite, a small residue was obtained which was composed of 
perfectly definite crystals of such a small size as to make their 
microscopic identification impossible. The amount was only of 
the order of a few milligrams, so that chemical analysis was 
impossible. This experiment was carried on for a fortnight. 

From an experiment at eleven atmospheres, lasting a fortnight, 
a residue was obtained which was only slightly greater in bulk 
than the previous one. The crystals were larger, however, and 
it was possible to determine some of the optical properties. The 
refractive index, determined by the embedding method, was found 
to be 1-68 + 0-005, while the figures for normal dolomite quoted 
in the literature are all of the order of 1-68. By use of a pykno- 
meter of about 1 c.c. capacity it was possible to determine the 
density with an accuracy of about 2 per cent. The values obtained 
in this way were 2-920, 2-922, 2-918, 2-920, mean 2-920. 

The value 2-920 is within the range 2-914—2-924, given by Groth 
(‘Chemische Krystallographie,”’ II, 207) for normal dolomites. 
The double refraction was of a fairly high order, but its accurate 
determination was not possible. The sign of the birefringence 
was negative. A micro-analysis by a modification of the Rosiwal 
method, in which the calcium and the magnesium were precipitated 
together as oxalates and the bulks averaged for various haphazard 
sections of the micro-slide, gave the molecular ratio of calcium 
carbonate to magnesium carbonates as approximately 9: 10. 
This method of analysis cannot claim any high degree of 
accuracy, 

At pressures of sixteen and twenty atmospheres, the results were 
identical, and in all about half a gram of material was isolated 
from experiments extending over a fortnight in each case. The 
crystals were of definite form and showed the rhombohedral habit 
associated with dolomite. The refractive index, determined by 
the embedding method, was 1-682, and the birefringence was 
negative and of the order of 0-19. The density was found by the 
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pyknometer method to be 2-918. Analysis showed that the com. 
position does not depart appreciably from that corresponding to 
the formula CaCO,,MgCO, (Found: CaO = 30-36, 30-34, 30-37; 
MgO = 21-92, 21-94, 21-90 per cent.). 

The Solubility of Algerian Dolomite in Water containing various 
amounts of Carbon Dioxide at 25°.—Owing to the scarcity of pur 
dolomite, it has only been possible to do these experiments at low 
concentrations of carbon dioxide for various pressures up to one 
atmosphere. Air mixed with various amounts of carbon dioxide 
was passed through a cylindrical solubility vessel provided with 
platinum electrodes, and the conductivity of the solution deter. 
mined from time to time. The gas, entering through a side tube 
sealed to the vessel close to its constricted base, served to stir the 
solution and solid, and escaped through a constant-pressure blow. 


200 


Time in hours. 
< = 0°25 atm. @ =0°5 atm. A = 0°75 atm. C) = 1 atm. 


off, which could be adjusted by hand to counteract variations of 
barometric pressure. The streams of air and carbon dioxide 
were also controlled by hand-regulated blow-offs, so that the flow 
could be kept constant. The vessel was made of best resistance 
glass, which was carefully steamed and cleaned before use. Analysis 
of the issuing gas from time to time gave a very ready method of 
checking the partial pressure of the carbon dioxide in the mixtures. 
The construction of the vessel was such that large particles could 
be used; they were easily held in suspension by the gas stream, 
but settled very readily when a measurement of conductivity was 
required. The approach to equilibrium (Fig. 3) was determined 
from these measurements, and the results obtained were all of the 
same form as those of Backstrém for calcite and aragonite. The 
results obtained at the equilibrium state are given in Table VII. 
We thus have a peculiar case in which two salts, containing 
equi-valent constituents, affect each other’s solubility in opposite 
directions. This is at present inexplicable and the system requires 
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Tasie VII. 
P Total Total Cc. 
(atm.). [Ca]=[Mg]. CO,. Obs. a4. a. ([Ca**]. [Mg"]. nrKp X10". 
025 O0-0024 0-01 0-076 0-83 0-96 0-0019 0-0023 3-78 
05 0:0040 00-0445 0-073 0-805 0-90 0-002 0-004 3-21 
075 O-0085 0-059 0-056 0-75 0-83 0-0061 0-0062 2- 
1-0 00140 0-043 0-043 0-79 0-69 90-0105 0-0096 1- 


2 

much more complete investigation, especially in the region of 
saturation with respect to calcium bicarbonate, and unsaturation 
with respect to magnesium carbonate. The 25° isotherm, roughly 
shown in Fig. 4, has a very peculiar shape, indicating that solid 
solutions were being formed in the region just referred to. There 
isno theoretical objection to the shape of the isotherm, but previous 
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experience rather goes against its possibility. It seems obvious 
fom the experiment that we are actually dealing with solutions 
super-saturated with respect to dolomite, but that the rate of pre- 
tipitation is extremely slow (the possible shape of the isotherm 
given would lead to this conclusion). It may also be accidental 
that the concentration of the solution saturated with respect to 
both calcite and nesquehonite does fall on the line corresponding 
to the formation of dolomite. Evidently, further investigations 
m the following points will be necessary : ' 

1, The solubility of dolomite at high pressures of carbon dioxide. 

2. The composition of the solid phases along the solubility 
curves, 

3. Experiments with magnesite instead of nesquehonite. 

4, Experiments involving the use of mineralisers, particularly 
sodium chloride. 

Work on these lines is in progress. 

The material prepared from calcite and nesquehonite is certainly 
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more definitely dolomitic than any other recorded preparations, 
and from the observed physical properties and chemical com. 
position there does not seem much doubt that dolomite has actually 
been prepared from calcite and nesquehonite, although the amounts 
obtained have so far been exceedingly small. 


Summary. 


1, An apparatus for the determination of the solubility of sub. 
stances under moderately high pressures of carbon dioxide has 
been designed, and proved satisfactory. 

2. This apparatus has been employed to measure the solubilities 
of calcite and nesquehonite, and mixtures of the two, at 25° and 
at pressures of carbon dioxide up to 20 atmospheres. The critical 
pressure required for the formation of solid calcium bicarbonate 
has been redetermined, the value found being almost the same 
as that given by McCoy and Smith. The solubility of nesque- 
honite agrees very well with the interpolated value obtained from 
the figures of Engel. It has been shown that dolomite can be 
prepared from an aqueous solution of calcite and nesquehonite in 
the presence of carbon dioxide up to 20 atmospheres pressure. 
The physical properties of this preparation are in every way com- 
parable with those of the purest natural mineral. 

3. A tentative isotherm for the system calcite—nesquehonite- 
water at 25° is given. 

4. It has been shown that the observations of Wroblewski on 
the deviations of the solubility of carbon dioxide from Henry's 
law hold in the case of its solubility in solutions of calcium and 
magnesium bicarbonates. In all cases, these deviations are by 
no means large until the pressure is in the neighbourhood of Il 
atmospheres. 


The author expresses his thanks to Professor Donnan for his 
interest in this work and for his many valuable suggestions, and 
also to the Government Grant Committee of the Royal Society 
for a grant which enabled the high pressure solubility apparatus 
to be constructed. 
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Les Gaz Rares des Gaz Naturels. 


A LectuRE DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
JUNE 14TH, 1923. 


By Proressor CHARLES Movureu, President of the Société 
Chimique de France. 


INTRODUCTION. 


MoNSIEUR LE PRESIDENT, 
Messieurs et chers collégues, 

C’est un honneur insigne, dont je le remercie avec des sentiments 
de profonde gratitude, que m’a fait le Conseil de la “ Chemical 
Society ” en m’invitant & venir exposer devant vous des recherches 
relatives & une famille d’éléments dont la mise au jour, exclusivement 
londonienne, marque une des étapes les plus glorieuses de la Science 
brittanique. 

Toujours aussi grande, en effet, du point de vue de la Philosophie 
naturelle, apparait encore, aprés plus d’un quart de siécle de conquétes 
scientifiques merveilleuses, la découverte de l’argon, bientdt suivie 
de celle de ses congénéres, que firent dans |’air atmosphérique, 
4 Londres, en 1894, Lord Rayleigh et Sir William Ramsay. 

L’entrée en scéne d’un élément rebelle & toute combinaison était 
une nouveauté absolue, qui affirmait le caractére capricieux de la 
matiére, et qui ouvrait aux physiciens et aux chimistes un champ 
de recherches absolument imprévu sur le probléme de l’affinité. 
Si on songe, d’autre part, que des milliers de chimistes, avant les 
deux illustres savants anglais, avaient analysé notre atmosphére 
sans qu’ils y eussent apercu ce singulier élément, on pouvait penser 
que l’étude systématique et approfondie d’autres milieux naturels 
mettrait en lumiére des faits du méme ordre encore insoupsonnés. 
Nombreux apparaissaient ainsi, dans la Nature, les problémes 
analogues ou connexes se présentant a l’activité des chercheurs. 

Dés l’année qui suivit la découverte de l’argon, l’hélium, qu’on 
savait, depuis l’éclipse du Soleil du 18 Aoait 1868 (Frankland et 
Lockyer, Janssen), exister dans le Soleil, fut extrait par Ramsay 
dun minéral uranifére, la clévéite. Peu aprés, sa présence était 
reconnue dans l’air par H. Kayser, de Bonn, ainsi que dans diverses 
étoiles. On sait, et nous reviendrons sur ce point, qu’il se produit 
dans la désintégration des substances radioactives. 

C’est également de l’air que, dans le laboratoire de Ramsay, le 
krypton, le néon et le xénon furent retirés successivement, en 1898 
(Ramsay et Travers). 

Lés cing nouveaux gaz sont des corps simples, des éléménts. 
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L’étude de leurs propriétés a montré qu’ils constituent une famille 
naturelle. 

Entre autres caractéres communs, mentionnons les suivants, 
particuliérement remarquables : 

1, Ils se sont montrés jusqu’ici absolument inertes au point de 
vue chimique : on n’a encore pu combiner aucun d’eux avec un corps 
quelconque, et l’on n’en connait aucun composé défini. 


2. D’aprés le rapport = des chaleurs spécifiques 4 pression con- 


stante aux chaleurs spécifiques & volume constant, rapport qu’on a 
déterminé en mesurant la vitesse du son dans ces gaz, leurs molécules 
sont formées d’un seul atome. 

3. Ils présentent des spectres trés nets de lignes. 

Voici leurs principales constantes : 


Tempéra- 
tures 
Points critiques Pressions 
d@’ébulli- (en de- criti- 
Poids ato- tion sous gréscenti- ques en 
miques. 760mm. _ grades). atmosph. 


— 268-89 — 267-91 2-26 

— 245-93 — 227-36 26:86 

— 185-85 —122-45 48-00 

—151-8 — 62-50 54:27 

5-851 ° — 106-9 +16-6 58-2 
D’aprés les plus récentes déterminations, l’air atmosphérique 
renferme les proportions suivantes des cing gaz : 

Proportions dans 100 parties d’air. 


in. poids. En volumes. 


1-29 0-9323 
0-0012 0-0018 
0-00007 0-0005 
0-0003 0-0001 
0-00004 0-00001 


* Ch. Moureu et A. Lepape (recherches inédites). 


D’une longue suite de recherches commencées en 1895 et qui 
ont été poursuivies jusqu’a nos jours, avec, en 1906, le concours de 
M. Robert Biquard, et, depuis 1907, la collaboration constante de 
M. Adolphe Lepape, il résulte que les cing gaz sont présents dans 
Vatmosphére interne comme dans l’atmosphére externe de la Terre. 
Ils accompagnent partout l’azote libre dans la Nature, mais toujours 
en faible proportion. C’est pour cette raison que, en égard aux gaz 
courants (azote, oxygéne, anhydride carbonique), etc., on les désigne 
généralement sous le nom de gaz rares. 

Nous avons examiné un grand nombre de gaznaturels. La plupart 
provenaient de sources thermales. Un certain nombre d'autres 
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mélanges, de nature variée (grisous, gaz de pétrole, etc.), ont égale- 
ment retenu notre attention. Différents auteurs, en outre, ont 
exécuté des travaux, généralement assez sommaires, sur le méme 
sujet. 

Je vous parlerai successivement des diverses catégories de gaz 
naturels, qui ont été étudiées.* 


I—Les Gaz Rares des Sources Thermales. 
A.—Historique. Hélium et Substances Radioactives. 


(2) Dés la publication des premiers travaux de Rayleigh et 
Ramsay, l’attention des physiciens et des chimistes fut immédia- 
tement appelée sur les diverses sources gazeuses qu’on rencontre 
dans la Nature, en vue de la recherche spéciale des nouveaux et si 
curieux éléments. Un certain nombre de gaz sponianés de sources 
thermales furent rapidement étudiées (Rayleigh et Ramsay, H. 
Kayser, Bouchard et Troost, Moureu, A. Kellas et Ramsay, Bouchard 
et Desgrez, Ramsay et Travers; Bamberger; Nasini, Anderlini et 
Salvadori; Bamberger et Landsiehl, Parmentier et Hurion, Liveing 
et Dewar, Moissan). Si l’on y trouvait généralement l’argon, dans 
maintes de ces sources on ne réussissait pas 4 caractériser l’hélium ; 
la présence du néon était reconnue dans une seule source; quant au 
krypton et au xénon, on ne les signalait nulle part en dehors de 
lair atmosphérique. 

(6) En 1903, Ramsay et Soddy annoncérent que le radium et 
son émanation (qui est un véritable gaz radioactif) produisent 
spontanément, et d’une maniére continue, de l’hélium. 

Avant d’aller plus loin, ouvrant ici une parenthése, je rappelerai, 
tres briévement, en quoi consistent les phénoménes essentiels de 
radioactivité. Considérons le radium, le corps radioactif que 
nous connaissons le mieux. 

Le radium est un élément instable, dont l’atome (poids atom. 

* Notre sujet a été développé longuement (Historique, technique expéri- 
mentale, résultats expérimentaux, conclusion et considérations générales) 
dans les deux mémoires suivants : Ch. Moureu, Recherches sur les gaz rares des 
sources thermales ; leurs enseignements concernant la radioactivité et la Physique 
du Globe (Journ. de Chim. Phys. XI (1913), 63-154); Ch. Mouwreu et A. Lepape, 
les gaz rares des grisous, Annales de Chimie, (9), t. IV et V (1915—1916). 
Voir aussi: Les gaz rares des gaz naturels d’Alsace-Lorraine, Ch. Moureu et 
A, Lepape, Comptes rendus, t. 171, p. 941 (1920). 

Nous avons, au cours de ces derniéres années, grandement élargi notre base 
expérimentale (sources thermales nouvelles, gaz de pétrole, etc.). L’ensemble 
de nos résultats est résumé das le présent travail. Toutes ces recherches 
seront exposées en détail, accompagnées d’une abondante documentation 
bibliographique, dans les Annales de l’Institut d’Hydrologie et de Climatologie, 
organe de l'Institut d’Hydrologie et de Climatologie récemment fondé (Paris, 


Collége de France). 
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226) se fragmente graduellement. Outre Vhélium (poids atom. 4), 
élément stable et non radioactif, le radium fournit, d’abord, une 
premiére substance, un gaz radioactif, auquel Sir E. Rutherford a 
donné le nom d’émanation (radon). Ce gaz (poids atom. 222) se 
détruit spontanément, pour donner un nouveau corps, le radium A, 
lequel, & son tour, se convertit en radium B. Le radium B engendre 
le radium C, et Rutherford a pu suivre les transformations jusqu’au 
radium F’, lequel est identique au polonium ; celui-ci aboutit enfin 
& un dernier élément stable le plomb (poids atom. 206).* Au cours 
de cette dégradation progressive de ses atomes, le radium libére, 
sous forme de lumiére, de chaleur, d’électricité et de rayons analogues 
aux rayons X, d’énormes quantités d’énergie. D’une maniére 
générale, aux détails et & l’intensité prés, des phénoménes analogues 
s’observent chez les diverses substances radioactives. Ajoutons 
que si le radium a des descendants, il a aussi des ascendants. 
L’ancétre le plus ancien gu’on lui connaisse est l’uranium (poids 
atom. 238) d’otil dérive suivant un processus analogue au précédents, 

Fermons la parenthése et retenons le fait suivant: 1l’émanation 
du radium, qui est un gaz matériel, engendre, spontanément et 
d’une maniére continue, de |’hélium. 

Quelques temps aprés cette observation capitale de Ramsay et 
Soddy, Debierne constate que l’actinium produit également de 
Vhélium. Puis, successivement, la formation de l’hélium a été 
observée: & partir du thorium et de l’uranium par Soddy, aux 
dépens du polonium par Boltwood. 

Ces faits, qui sont les premiers exemples bien certains de transmu- 
tation, se concoivent aisément a la lumiére des travaux qui ont été 
effectués sur les rayons « émis par les corps radioactifs, et qu’on 
doit principalement a Rutherford. I] résulte, en effet, de ces 
travaux, que les rayons « sont tous de méme nature, et constitués 
par des atomes d’hélium portant des charges électriques positives 
(particules «) et animés de grandes vitesses (de l’ordre de 20°000 km. 
par seconde). D’aprés cela, ’hélium doit étre un des produits de 
désintégration de tous les éléments radioactifs qui émettent des 
particules «. 

D’un autre cdté, de délicates et nombreuses recherches, qui ont 
été continuées sans interruption jusqu’a nos jours, et parmi lesquelles 
celles d’Elster et Geitel, de Boltwood, d’Eve, de Bumstead et Wheeler, 
de R. J. Strutt, de Blanc, de Joly, etc., sont particuliérement 
remarquables, indiquaient la présence universelle de ttaces de 
matiéres radioactives dans l’atmosphére, le sol, les minéraux et 
les roches. 

En ce qui concerne spécialement les sources, les expériences se 


* Le plomb isotopique issu du thorium a pour poids atomique 208. 
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poursuivaient aussi de divers cétés. Mentionnons les recherches de 
Sir J. J. Thomson (1902), puis de H.-S. Allen et Lord Blythswood, 
et de R. J. Strutt (actuellement Lord Rayleigh), en Angleterre; de 
Pochettino et Sella, et de R. Nasini, en Italie; de H.-A. Bumstead 
et L. D. Wheeler, en Amérique; de F. Himstedt, en Allemagne ; 
et surtout, en France, un travail d’ensemble de Pierre Curie et Albert 
Laborde (1904), portant, avec des déterminations quantitatives 
d’émanation, sur une vingtaine de sources. Ces divers auteurs 
trouvaient généralement, en proportions d’ailleurs trés variables, 
’émanation du radium dans les gaz spontanés des sources et en 
dissolution dans les eaux, et, parfois méme, le radium 4 ]’état de sel 
dans les eaux, les boues et les sédiments. Toute une pléiade de 
physiciens et de chimistes se sont, depuis, occupés du méme sujet. 
A Vheure actuelle, on peut évaluer & plusieurs milliers le nombre de 
sources qui ont été examinées 4 ce point de vue. Comme on pouvait 
le prévoir, d’aprés ce qui a été dit plus haut de la diffusion des 
substances radioactives dans l’écorce terrestre, toutes les sources ont 
été trouvées plus ou moins radioactives. Aussi, dans la pratique, 
ne considére-t-on comme telles que celles qui le sont notablement plus 
que les eaux courantes. On sait (nous nous bornons a le rappeler 
en passant) tout l’intérét que présente la radioactivité des sources 
au point de vue de l’hydrologie médicale. 

(c) La découverte fondamentale de Ramsay et Soddy (production 
de l’hélium par le radium) concordait avec la présence constante, 
préalablement établie, de l’hélium dans les minéraux radioactifs, 
et aussi dans l’atmosphére terrestre, ot. l’on trouvait des traces 
d’émanations du radium et duthorium. Sil’on généralisait, l’hélium 
devait étre, en quelque sorte, le compagnon, dans la Nature, des 
corps radioactifs, & c6té desquels il fallait s’attendre a le rencontrer 
partout. On pouvait se demander, d’ailleurs, si certaines matiéres 
radioactives, connues ou inconnues, et plus ou moins répandues au 
sein de la Terre, ne seraient pas susceptibles de subir des transfor- 
mations du méme ordre aboutissant, en dehors de l’hélium, 4 des 
corps de la méme famille: néon, argon, krypton, xénon. 

Ce sont ces considérations, et aussi la pensée qu’un grand travail 
d’ensemble pourrait apporter des documents utiles, en outre, 4 la 
Géologie, 4 l’Hydrologie proprement dite, & la Physique du globe et 
& la Médecine thermale, qui m’engagérent, en 1903, & poursuivre 
plus activement que je ne l’avais fait jusqu’alors, |’étude des gaz 
des eaux minérales. Aussi bien celles-ci, par leur grand nombre 
et par la variété de leurs origines souterraines, offraient-elles un 
champ d’expérience aussi vaste que propice. 

A un autre point de vue, ces recherches venaient d’ailleurs fort 
& propos. C’est en effet au méme moment qu’Armand Gautier 
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poursuivait ses belles études chimiques sur les roches ignées, & la 
suite desquelles il formula sa théorie si hardie et si séduisante du 
voleanisme et de la genése des eaux thermales. Une discussion 
allait s’ouvrir, ot les données expérimentales entreraient surtout en 
ligne de compte. 


B.—Composition Générale des Gaz Spontanés des Sources Thermales, 
Débits. 

(a) Technique expérimentale—l1. Le gaz spontané, bien exempt 
d’air, aprés avoir été décarbonaté et rigoureusement desséché, 
circule dans un appareil spécial, tout en verre soudé, et disposé 
en circuit fermé, qui comprend une série de tubes contenant: du 
calcium métallique, qui fixe ou rouge l’azote et l’oxygéne;* de 
l’oxyde de cuivre, qui brilera au rouge Jes gaz combustibles; de 
la potasse fondue et de l’anhydride phosphorique, qui absorberont 
les produits de la combustion (gaz carbonique et vapeur d’eau), 
A la fin de l’opération, le résidu se trouve constitué par l’ensemble 
des gaz rares, incombustibles: l’argon et ses congénéres. On y 
caractérise directement, au spectroscope, l’argon et V’hélium. 

Les trois autre gaz: néon, krypton, xénon, étant toujours moins 
abondants, leur spectre n’apparait pas d’ordinaire dans le mélange, 
et, pour les caractériser avec certitude, le fractionnement est indis- 
pensable. Nous l’opérons, utilisant les beaux travaux de Sir James 
Dewar sur l’occlusion des gaz par le charbon & basse température, 
au moyen du charbon de noix de coco. Celui-ci, refroidi dans l’air 
liquide fixe les trois gaz lourds: argon, krypton et xénon (les deux 
derniers sont toujours en proportions négligeables devant celles de 
l’argon), et laisse libres les deux gaz légers: hélium et néon (la 
proportion de ce dernier est presque toujours négligeable devant 
celle de ’hélium). 

Dans les gaz légers, outre ’hélium, on caractérise aisément le 
néon par ses principales raies spectrales. Pour caractériser le 
krypton et le xénon, en réchauffe lentement le charbon, et, en 
examinant au spectroscope la derniére portion du gaz qui se dégage, 
on voit, outre le spectre de l’argon, les principales raies du krypton 
et du xénon. 

En fractionnant les gaz lourds au moyen du charbon refroidi 
vers — 23° (chlorure de méthyle bouillant) ou vers — 80° (neige 
carbonique + acétone), on arrive & concentrer dans un faible 
volume le krypton et le xénon, qu’on dose ensuite spectrophoto- 
métriquement.f 

* La plupart des gaz souterrains sont exempts d’oxygéne ou n’en renfer- 
ment que des traces, 


ft Ch. Moureu et A. Lepape, C. R. 152, 691 et 934 (1911), 158, 740 (1911), 
174, 908 (1922). 
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9. Pour reconnaitre et doser l’émanation du radium, nous 
utilisons sa propriété caractéristique de se détruire de moitié dans 
espace de 3°85 jours, en ionisant les gaz qui en sont chargés, la 
conductibilité qui leur est ainsi conférée étant proportionnelle & 
leur richesse en émanation. L’emploi de l’électroscope de Cheneveau 
et Laborde nous a donné, pour ces mesures, toute satisfaction. 
Beaucoup de dosages dans nos gaz ont d’ailleurs été effectués par 
d'autres que nous (Curie et Laborde, Brochet).* 

(b) Résultats analytiques qualitatifs—Nous avons toujours observé 
la présence de l’azote, fréquemment accompagné de proportions 
plus ou moins notables d’anhydride carbonique, moins souvent 
doxygéne et de gaz combustibles, tout au moins en quantités 
appréciables. 

En ce qui concerne spécialement l’oxygéne, nous pensons que 
sa présence dans les gaz trés riches en azote est purement acci- 
dentelle, tandis qu’elle apparait constante et normale dans les 
gaz trés riches en anhydride carbonique. Ajoutons que, dans ces 
derniers, également, les gaz combustibles ont été rencontrés chaque 
fois qu’ils y ont été recherchés. 

Voici les résultats quant aux gaz rares: Nous avons examiné 
108 gaz thermaux. Les cing gaz rares y ont été caractérisés sans 
aucune exception. 

Nous en concluons qu’ils sont présents dans toutes les sources. 

Rappelons que |’émanation du radium a été trouvée aussi dans 
toutes les sources ot on I’a recherchée. 

(c) Résultats analytiques quantitatifs—La composition des gaz 
spontanés peut étre entiérement différente suivant les sources, 
comme l’est la composition de l’eau minérale elle-méme. Nous 
avons rassemblé, dans un tableau synoptique, les résultats de nos 
nombreuses déterminations. Ils expriment la composition cen- 
tésimale, en volumes, des mélanges gazeux secs. 

Le plus souvent absent, l’oxygéne, quand il est présent, s’y 
rencontre généralement en faible proportion, et il en est de méme 
des gaz combustibles. L’anhydride carbonique peut aussi manquer 
complétement; mais il arrive parfois, au contraire, que la propor- 
tion en est trés élevée, et, dans quelques sources, comme celle de 
Chomel, & Vichy, le gaz de l’eau minérale peut étre considéré comme 
de l’anhydride carbonique pratiquement pur. Il ne semble pas 

* Ajoutons qu’on devrait rencontrer, dans toutes les sources, au moins 
deux autres émanations: celles du thorium et de l’actinium, éléments radio- 
actifs dont on a généralement retrouvé des traces dans tous les terrains. 
Ces deux émanations existent, comme |’émanation du radium, dans l’atmo- 
sphére. Elles se détruisent trés rapidement: celle du thorium de moitié 


en 54 secondes, et celle de l’actinium de moitié en 3-9 secondes. Aussi leur 
recherche est-elle beaucoup plus difficile que celle de l’émanation du radium. 
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que l’azote soit jamais totalement absent: souvent il prédomine, 
et l’on avait cru pendant longtemps qu’il constituait seul ou presque 
seul |’élément gazeux de certaines sources. 

Les proportions des gaz rares varient dans de larges limites, 
On trouve, par exemple, que, pour 100 vol. de Gaz spontané brut, 
il y a une proportion de mélange global des gaz rares égale a: 0019 
& Vichy (Grande-Grille), 0°67 & Salins-Moutiers, 1°85 & Neéris, 2-04 
& Luxeuil (Grand-Bain), 3°36 a Grisy (source d’Ys), 6°59 & Maiziéres 
(source Romaine), 10°843 & Santenay (source Lithium). 

Nous n’avons pas encore dosé le néon dans nos mélanges, mais, 
d’aprés des essais sommaiges, nous pouvons affirmer qu’il n’y ena 
jamais que des traces. 

Nous avons reconnu également que les proportions de krypton 
et de xénon étaient toujours extrémement faibles. 

Essentiellement variables sont les proportions d’hélium. Pour 
100 vol. de Gaz spontané brut, on trouve, par exemple, 0°0015 a 
Vichy (Chomel), 0°207 & Plombiéres (source Vauquelin), 0°893 4 
Saint-Honoré, 1°83 & Bourbon-Lancy (source Lymbe), 5°77 4 
Maiziéres, 10°14 & Santenay (source Lithium). Les gaz spontanés 
des sources de Santenay sont les plus riches connue en hélium. 
On voit 4 quel degré peuvent atteindre les concentrations en hélium, 
et ce fait est extrémement remarquable. 

Les proportions d’argon présentent également de fortes varia- 
tions; depuis 0°0027 pour 100 & Vichy (Chomel) jusqu’a 1°643 pour 
100 & Plombiéres (Vauquelin), ot nous avons la plus forte teneur. 
Il est remarquable que les proportions d’argon, loin d’égaler cer- 
taines valeurs trés élevées de ’hélium, ne dépassent jamais notable- 
ment celle qu’il présente dans l’atmospheére (0°93 pour 100). 

Les teneurs en émanation du radium sont, elles aussi, essentielle- 
ment variables, allant depuis une fraction de millimicrocurie * 
jusqu’a plusieurs centaines de millimicrocuries par litre. Les plus 
fortes, dans les sources francaises qui ont été étudiées jusqu'ici, 
se rencontrent & Bagnéres-de-Luchon, la Bourboule et Plombiéres. 
Exceptionnellement riches sont les gaz spontanés de Badgastein, 
qui renferment 508°8 millimicrocuries par litre. 

A titre de comparaison, rappelons que la teneur moyenne de 
l’atmosphére en émanation du radium est voisine de un-dix-milliéme 
de millimicrocurie par litre. 

* Le millimicrocurie est le milliardiéme de curie (10~° curie). Le cutie, 
unité internationale d’émanation du radium adoptée au Congrés de radio- 
logie de Bruxelles (septembre 1910), est la quantité d’émanation en équilibre 
avec 1 gr. de radium métal (soit 0-6 millimétre cube), c’est-A-dire la quantité 
maxima d’émanation que l’on peut obtenir en enfermant 1 gr. de radium dans 
un vase clos. Pratiquement, cette limite supérieure est atteinte au bout 


d’un mois, la proportion d’émanation qui se détruit alors & tout moment 
égalant celle qui se produit durant le méme temps. 
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(d) Débits gazeux.—Il convient de rapprocher les résultats qui 
pricédent de quelques données d’un autre ordre. Nous avons 
mesuré les débits en gaz spontanés de diverses sources. En com- 
binant les valeurs trouvées avec les compositions centésimales, 
nous avons pu dresser le tableau ci-dessous. On voit que les débits 
des diverses sources, tant pour les gaz rares que pour les gaz totaux, 
peuvent étre trés différents. Les sources de Luxeuil, d’Ax et de 
Maiziéres ont des débits en gaz rares (en bloc) et hélium déja 
importants. La source qui dégage le plus d’argon est celle de 
Saint-Joseph, & Aliseda. Les sources de Bourbon-Lancy, Santenay 
et Néris sont de véritables gisements d’hélium. 


TABLE II. 
Débits Gazeux de quelques Sources Thermales. 


Gaz rares. 


Eman- 
ation du 
Radium 
Gaz Argon Hélium en équi- 
spon- +traces +traces libre avec 
tanés de Kr et de Ne la Source 
(lit. Xe (lit. (lit. (en micro- 
Stations et Sources. par an). paran). paran).  curies). 


Ax (Source Viguerie) 560,640 8,217 513 146-25 
Audinac (S. Chaude) 10,512 104-7 . 0-09 
Bains-les-Bains (S. Savonneuse) 4,891 51:3 , 1-95 
Bath (Angleterre) (S. King’s 
Well) 1,790,000 20,346 
Baudour (Belgique) 
(8S. Elisabeth) 578,000 7,800 
Beaucens (S. de la Grange) ... 19,360 207 
re (S. del’ Etablisse- 
ment) 65 
Bourbon Lancy (S. Lymbe) ... 6-077 
= »  (S. Descures) 19 
Cauterets (S. César) 4 
a (S. de la Railliére)... 95:3 
Colombiéres-sur-Orb 15,768,000 8,609 
Eaux-Bonnes (8. Vieille) 10,950 133 
Evaux (S. du Bassin Ovale) ... 15,000 150 
» (8S. de l’Escalier) 397 
» (8S. Puits César) 1,120 
»  (S. Puits du Milieu) 820 
»  (S.Puitsdu Vaporarium) 843 
La Aliseda (S. St. Joseph) ... 7 75,477 
La Bourboule (S. Choussy) . 30,484 
La Chaldette 221 
Luxeuil (S. Grand Bain) 473 
»  (S. Bain des Dames) 293 
Maiziéres (S. Romaine) 150 
Néris (S. César) 30,830 
Panticosa (S. del Estomago) 417 
Péchelbronn (8S. Thermale) ... 27,000 
Plombiéres (S. Vauquelin) ... 288 
a (S. No. 3) 202 
Santenay (S. Carnot) 1,325 
* (S. Lithium) 367 
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En ce qui concerne |’émanation du radium, les quantités rep. 
contrées varient également dans des limites trés étendues. Ia 
source} la plus remarquable est celle de Choussy, 4 la Bourboule, 
qui est susceptible de fournir 65,486 microcuries d’émanation. 

D’autres sources, curieuses aux mémes points de vue, et peut- 
étre plus riches encore, seront sans doute signalées dans 1|’avenir, 
Mais, d’ores et déja, il est acquis que les sources thermales déversent 
sans cesse des quantités relativement considérables de gaz rares, 
et spécialement d’hélium et d’émanations radioactives, dans |’atmo. 
sphére. 


Messieurs, 

Nous voici en possession de résultats nouveaux auxquels il ne 
manque ni la multiplicité ni la variété. II s’agit maintenant de 
dégager les enseignements qui se dissimulent sous l’aridité des 
faits et des chiffres. 


C.—Conclusions. Observations et Considérations Générales 


Les multiples résultats ou remarques que nous venons de pré- 
senter aboutissent & une conclusion aussi nette que générale; 
sans parler des gaz courants (azote, anhydride carbonique, etc.), 
toutes les sources contiennent une série d’autres gaz: de l’hélium, 


du néon, de l’argon, du krypton, du xénon et des émanations 
radioactives, dont elles aménent sans cesse au jour des quantités 
notables, et fort différentes suivant les sources. 

Ce fait et la présence des gaz rares et des émanations radio- 
actives dans l’air atmosphérique sont ainsi en parfait accord. Gi, 
d’autre part, on se place au point de vue quantitatif, trois remarques 
principales s’imposent immédiatement a l’esprit: 1° l’extréme 
variété de composition des mélanges gazeux des sources, con- 
trastant avec la fixité presque absolue de composition de l’air; 
2° absence compléte ou presque compléte de l’oxygéne dans la 
plupart des sources, alors que l’air en contient une proportion 
notable (} environ); 3° les teneurs souvent énormes des gaz des 
sources en hélium, tandis que dans l’air il n’en existe qu’une trés 
faible proportion (ss;559, en Volumes); 4° la richesse considérable 
en émanation du radium de certaines sources. 

Pour ne considérer que les gaz rares et les émanations radio- 
actives, conformément 4 l’objet principal de notre travail, nous 
savons quel lien étroit rattache ’hélium aux corps radioactifs, et 
cette relation, ainsi que les débits d’hélium, suggérent diverses 
réflexions intéressantes concernant la Physique du globe et 
) Astrophysique. 

Il arrive enfin, quand on compare certaines données analytiques, 
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qu'on découvre, entre ces éléments chimiquement inertes que sont 
es gaz rares, des relations numériques simples et systématiques, 
qui conduisent 4 élargir encore, dans le méme ordre d’idées et 
dune maniére fort imprévue, le cadre de notre sujet. 

Nous allons envisager successivement ces divers points. 

(a) Hélium des sources et radioactivité—L’hélium est un des 
déments gazeux de toutes les sources. Ce fait expérimental con- 
situe une vérification compléte de notre conception initiale. 
Lhélium, en effet, se produit dans la désintégration des substances 
radioactives, et des traces de celles-ci se rencontrent partout dans 
le sol et le sous-sol (minéraux, roches, eaux minérales, gaz). On 
devait donc trouver l’hélium dans toutes les sources. 

Ce résultat capital étant acquis, divers points sont intéressants 


il ne 
1t de 4 examiner. 
| des Remarquons, tout d’abord, qu’il n’existe aucun parallélisme, 


méme grossier, entre la radioactivité des sources et les proportions 
?hélium. Telle source, riche en hélium, sera peu radioactive, alors 
que telle autre, fortement radioactive, sera pauvre en hélium. 
Cette absence de proportionalité entre |’hélium des sources et 
leur radioactivité entraine 4 elle seule, presque fatalement, la 
conclusion qu’il n’y a qu’une partie de l’hélium des sources qui 


am, provienne de la destruction actuelle des substances radioactives 
ions fy Presentes dans les terrains traversés. On s’en rend d’ailleurs 
ités aisément compte par le raisonnement suivant, 

Parmi les. substances radioactives que peuvent contenir les 
Tio. Sources, considérons la seule émanation du radium, a laquelle, au 
Si, surplus, la généralité des sources semblent devoir pratiquement 
ues y ute leur radioactivité. Nous savons que cette émanation se 


détruit de moitié environ en 3°85 jours, et nous savons, en outre, 
que cette destruction est accompagnée de production d’hélium. 
Dans son parcours, la source 4 tout instant, a drainé de nouvelles 
doses d’émanation, dont la destruction graduelle l’a enrichie sans 
cesse en hélium. Soit, pour fixer les idées, le cas de la source 
Vauquelin, de Plombiéres, qui est fortement radioactive. Elle 
débite en une journée, 98 cent. cubes d’hélium. Si l’on caleule, 
daprés les résultats des mesures effectuées directement sur du 
radium par Ramsay, par J. Dewar, par Boltwood et Rutherford, 
le poids de radium capable de produire en un jour |’émanation 
d’ott provient cette dose d’hélium, on obtient le chiffre énorme de 
230 kgs. Et si l’on suppose, pour se rapprocher des conditions 
de la Nature, cette masse de radium disséminée dans les roches 
de l’écorce terrestre (dont la teneur moyenne en radium est de 
lordre de quelques milliémes de milligramme par tonne), on trouve 
que le poids des roches dont l’eau minérale aurait di prendre toute 
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V’émanation qu’elles produisent en un jour serait d’au moins 
46 milliards de tonnes. Ces chiffres fabuleux sont évidemment 
invraisemblables. On ne saurait admettre que, dans une journée, 
une source thermale puisse lessiver 46 milliards de tonnes de roches. 
Et une trés minime fraction seulement de l’hélium de la source 
Vauquelin a pu étre engendrée par |’émanation rencontrée. Or 
cette source est & la fois une des plus radioactives et une des moins 
riches en hélium de toutes celles que nous avons étudiées. Le 
raisonnement qui précéde s’appliquerait donc, 4 fortiori, aux sources 
faiblement radioactives et riches en hélium. 

Il est ainsi hors de doute que, dans la grande généralité des 
cas, il n’y a qu’une infime fraction de l’hélium des sources qui 
provienne des substances radioactives entrainées par elles dans leur 
parcours. Sauf cette minime partie, ’hélium des sources, dans 
les terrains traversés, existait préformé (libre ou occlus), et l'eau, 
aprés l’avoir dégagé en désagrégeant les minéraux et les roches, 
l’a entrainé jusqu’é la surface. Si donc il y a, dans les sources, de 
Vhélium de formation récente, et méme actuelle: de lhélium 
jeune, la presque totalité, sans aucun doute, est trés ancienne: 
e’est de Vhéliwm fossile ; et son age moyen doit étre moindre, a 
la vérité, mais du méme ordre que celui des minéraux qui |’ont 
cédé & la source (millions de siécles %). 

En résumé, il n’existe aucune uniformité, méme approximative, 
dans les rapports entre la radioactivité et ’hélium des sources: la 
relation est purement qualitative. Mais elle est générale et abso- 
lue: toutes les sources sont plus ou moins radioactives, toutes 
aussi contiennent de l’hélium.* 

(b) Constance de certains rapports. Théorie astrophysique expli- 
cative.—1l. Les teneurs de nos mélanges en chacun des corps gazeux 
(gaz ordinaires ou gaz rares) que nous avons rencontrés peuvent 
différer d’une source & une autre dans des limites trés étendues. 
Toutefois, si les valeurs absolues des nombres sont essentiellement 
variables, on observe, par contre, quelques relations simples 
quand on compare les proportions de certains éléments deux 4 
deux. 

Ce sont les résultats de nos dosages de krypton qui nous révé- 
lérent tout lintérét que pouvait présenter la considération des 
rapports mutuels des proportions des gaz rares.ft 

Envisageons le rapport, en volumes, du krypton 4 l’argon dans 


* Dans le Mémoire du Journal de Chimie-Physique (t. XI, No. I, 1913, 
pp. 63—154), diverses autres considérations ont été développées, notamment 
sur l’hélium de l’atmosphére dans ses rapports avec l’hélium que fournirait 
la masse de radium capable de maintenir constante la chaleur terrestre. 

t Ch. Movreu e& A. Lepape, C.R., 27 Mars et 16 Octobre 1911. 
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les sources, et comparons-le au méme rapport dans l’air, que nous 
prendrons pour unité. 

L’étude de 19 gaz spontanés de sources nous a donné comme 
limite inférieure 1:1 et comme limite supérieure 1°8. Comme on 
le voit dans le tableau ci-dessous, trois faits principaux ressortent 
de la comparaison des chiffres : 1°. Les limites entre lesquelles varie 
le rapport krypton: argon dans ces mélanges naturels sont trés 
étroites. 2°. Les valeurs du rapport krypton : argon y sont voisines 
de celles du méme rapport dans l’air. 3°. Le rapport krypton: 
argon, dans ces mélanges, se montre toujours supérieur 4 la valeur 
qu'il présente dans l’air. Réservant ce dernier point, nous retenons 
ici un fait essentiel : la constance approximative du rapport krypton : 
argon dans les mélanges gazeux naturels. 

On a déja rencontré, en étudiant les corps radioactifs, plusieurs 
rapports constants entre les proportions de deux substances déter- 
minées dans des milieux différents. Serait-ce que l’argon et le 


TaBLeE III, 


Rapports Krypton/Argon dans les Sources comparés au méme 
Rapport dans l Air. 


Kr/Ar (source). 
Provenance du mélange gazeux. Kr/Ar (air). 


Aix-les-Bains (Soufre) 
Bagnéres-de-Bigorre (Salies) 
Bagnéres-de-Luchon (Bordeu No. 1) 
(Ferras Enceinte) 
(Pré No. 1) 

s je (Saule No. 2) 
Bourbon-l’ Archambault 
Cauterets, la Raillére 


= 
ro 


99 ? 


Longwy (Récollets) 
Luxeuil (Grand-Bain) 


re No. 
Saint-Honoré 
Uriage 
Vichy (Chomel) 
» (Grande Grille) 


Dt tt et et tet tt tt at att tt et et 
Ci BO Co BO hh tO NOOO bebo toto 


krypton sont issus l’un de l’autre, comme le radium l’est de l’ura- 
nium. Rien, dans |’état actuel du sujet, n’autorise & le supposer, 
attendu qu’on n’a jamais constaté le moindre indice de radioacti- 
vité chez l’un ou l’autre de ces deux gaz. 

En cherchant ailleurs l’explication, nous avons été conduits au 
raisonnement suivant : 

2. Un caractére fondamental domine toutes les propriétés de 
argon et de ses congénéres (gaz rares); ces éléments sont chimique- 
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ment inertes, en ce sens qu’ils n’ont jamais pu étre combinés ni entre 
eux ni avec aucun autre corps. Une propriété physique de ces 
mémes éléments, qui intervient aussi dans notre raisonnement, est 
la faculté qu’ils possédent de conserver l'état gazeux entre de trés 
larges limites de température et de pression, et, par suite, de tendre 
toujours & se répartir uniformément dans tout l’espace offert 4 leur 
expansion. 

Reportons-nous par la pensée, dans l’histoire de la génése du 
systéme solaire, jusqu’é la nébuleuse génératrice. ‘Tous les corps, 
éléments libres ou combinaisons, sont & l’état gazeux, et la masse, 
grace & d’inévitables tourbillons et brassages, doit étre un mélange 
relativement homogéne dans toutes ses parties. Le fragment 
constitutif de la Terre se détache, et celle-ci comprend bient6t trois 
régions concentriques : une masse incandescente en fusion, une 
écorce solide essentiellement hétérogéne, et l’atmosphére gazeuse. 
Les phénoménes géologiques, lents et continus, ou brusques et 
violents, se poursuivent sans interruption. Au cours de cette 
incessante évolution de la planéte, tous les corps doués d’affinités 
chimiques ont contracté des combinaisons mutuelles. Seuls les 
gaz rares, en vertu de leur inertie chimique, sont restés en totalité 
libres, et, en quelques points ou par quelques mécanismes qu’ils 
se soient concentrés ou dilués, ils n’ont pu qu’étre des témoins indiffé- 
rents et respectés de tous les bouleversements géologiques qui se 
sont accomplis et de toutes les métamorphoses dont la matiére a 
été le siége. 

Considérons spécialement le krypton et l’argon. II est clair que 
le rapport entre les proportions de ces deux gaz devait étre sensible- 
ment le méme, au début, en tous points de la nébuleuse. Si, dans 
la suite des temps, il est arrivé qu’il se soit altéré localement, des 
actions physiques ont seules pu en étre la cause: occlusion, diffu- 
sion, dissolution, etc.; et ce rapport n’a, par conséquent, di subir, 
dans les divers points de la planéte, que de faibles modifications. 
En d’autres termes, le mélange des deux gaz doit, & ce point de 
vue, se comporter sensiblement comme un gaz unique. 

Cette théorie, comme on le voit, n’emprunte & l’Astronomie et a 
la Géologie que les conceptions classiques sur l]’Evolution des 
Mondes. Ayant son point de départ dans la phase astronomique 
de la Terre, elle est indépendante de toute hypothése sur la genése 
des eaux thermales. 

3. Plusieurs conséquences découlent immédiatement de cette 
maniére de voir : 

«. Tout d’abord la suivante: Nos cing éléments étant chimi- 
quement inertes, c’est-i-dire assurés de rester toujours en liberté, 
et gazeux, c’est-d-dire en perpétuel mouvement dans tous les sens, 
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il doit se retrouver au moins un peu de chacun d’eux dans tous les 
mélanges gazeux de la Nature. En fait, les nombreuses expériences 
que nous avons exécutées établissent que, de méme qu’ils existent 
dans l’atmosphére, les cing corps sont présents dans tous les mé- 
langes de gaz qui se dégagent aux griffons des sources; et nous 
montrerons, en outre, qu’ils font aussi partie constitutive des grisous 
et autres gaz naturels. 

En second lieu, notre raisonnement, relatif aux rapports krypton : 
argon, doit, sauf raisons spéciales, s’appliquer aussi aux autres gaz 
rares. 

6. En fait, le rapport dans l’air étant, comme ci-dessus, pris 
pour unité, nous avons trouvé dans 17 sources: pour le rapport 
xénon : argon des valeurs variant de 1°2 & 2°5, et pour le rapport 
aénon: krypton des valeurs variant de 0°9 4 1°6. Malgré que le 
champ de variation soit ici relativement étendu, la valeur de chaque 
rapport oscille, dans des limites assez étroites, autour d’une valeur 
moyenne, laquelle est d’ailleurs voisine de celle qu’il posséde dans 
lair; et impression de constance se dégage nettement de l’examen 
d’ensemble des nombres que |’expérience a fournis. 

Nous poursuivrons des recherches dans le méme ordre d’idées 
sur le néon. 

TaB_e [V. 
Rapports Xenon/Argon et Xenon/Krypion dans les Sources comparés 
aux mémes Rapports dans l Air. 
Xe/Ar (source). Xe/Ar (source). 


Provenance du mélange gazeux. Xe/Ar (air), Xe/Ar (air). 
Aix-les-Bains (Soufre) ...... eradsrerencscrooooessess 1-6 1:3 
Bagnéres-de-Bigorre (Salies) ............sseeeeeee 1-6 1-3 
Bagnéres-de-Luchon (Bordeu No. 1) ......... 1-6 1:3 
Bagnéres-de-Luchon (Ferras Enceinte)......... 1:8 1-1 
Bagnéres-de-Luchon (Saule No. 8) ........+... 1-9 1-6 
Bourbon-l’Archambault ....cccceccccsesecseseseses 1-6 1-1 
Cauterets (La Raillidre) ....c0.s.ssecseseeseeeeeees 1-2 0-9 
La Bourboule (Choussy) .....0.-sssececsesesecseees 2-2 1-2 
Longwy (Récollets) .......+++ Sovscccscescccooosoees 1-9 1-6 
Luxeuil (Grand-Bain) 1:6 1-1 
Nancy (Pare Sainte-Marie) ... 1-9 1:3 
Plombiéres (Vauquelin) ..... dooescccscscscocescese 1-9 13 

- TOD. BP cchecpersctsciosesccessssseectoos 1:6 1-3 
Beint-HGMOrS — cccoccccsccsvccccesecscsccocecBeoscsees 1-2 0-9 
UFIAgO —cecccgooccccccccccccccccececoscocccoccccscesoece 1-9 1-6 
Vichy (Ghremmal) — ccccccccccccosccccccccccsccoscccsece 1:9 1:3 

op CRM AIUTNIOD “Ss 0i050800s005300080080000006 2-5 1-6 
ee pveperecqoogoososoonocaccocscocsosecosocoooees 1 l 


y- Quant & V’hélium, on n’apergoit nulle proportionalité entre ce 
gaz et aucun autre gaz quelconque. Les rapports héliuwm : argon, 
par exemple, si l’on prend pour unité le rapport hélium : argon dans 
Yair, varient, dans les gaz spontanés de source étudiés par nous, 
de 7°49 & 24°814. La raison de l’absence de toute uniformité dans 
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ces rapports est aisée & concevoir. Nous savons que, partout dang 
l’écorce terrestre, de l’hélium se produit continument aux dépens 
des corps radioactifs ; et les roches doivent en dégager plus ou moins 
suivant leur richesse radioactive, leur age, leur structure physique, 
la température, la pression, etc. On ne saurait, par suite, trouver 
que trés capricieux et irréguliers les rapports des proportions avec 
celles des autres gaz dans les mélanges naturels. L’exception que 
nous offre l’hélium ne fait donc que confirmer la régle. 


TABLE V. 


Rapports Héliwm/Argon dans quelques Gaz de Sources Thermales 
comparés au méme Rapport dans Il’ Air. 


He He/Ar Gaz. 


Provenance du mélange gazeux, Ar He/Ar Air. 
PP EERND eiesesiccsciccecccevesnstenteebsoretes 0-000579 1 
Bagnéres-de-Luchon (S. Lepape) ........seseceseesess 0-00127 0-50 | * 
Lamalou (S. de la Galerie) .............ccesesssscsccees 0-00267 1-06 | 
SIN Shak sbepaietesendensovcrecvosdcosntooneetiidieninss 0-0045 1-793 | 
i MED ‘hevinenhasagevsesesessesecosstitaguenmionsads 0-01225 4-86 
Aix-les-Bains (S. du Soufre) ...........ssecescsseceeees 0-02559 44-2 
Baudour (8. Elisabeth) _ ...........cccccccccccsccsecsecees 0-037 64 
Bagnéres-de-Luchon (S. Bordeu No. 1) .........06. 0-064 110-6 
Cauterets (S. de la Raillére)  .............sessscsscseees 0-0875 151 
La Bourboule((S. Choussy) ...........sscccccsssssseseees ' 0-0969 167 
Vichy (S. Grande-Grille) ..........s.cserecesees scenvases - 01055 182 
Plombiéres (S. Vauquelin) ............sseccccccscseeees 0-1268 219 
ne assvepaleniee 0-1535 265 
Bagnéres-de-Luchon (S. Pré No. 1)’ .....sccsceccesees 0-2173 375 
TID. F8Us RII). ssvececsccevsssevesvereeensocesce 0:23 } 408 
STOO TEIT  onscciccscccccescsccssvsestooseeses - 02815 481 
Sail-les-Bains (S. du Hamel) ...........sscccsscessceeee 0-4098 707 
BE SPONTION (DS. VICINC) 5.......cccccscvevsossvesevpeenes 0-492 850 
BAe Oe, GURRE-BOIN) 20.0000 .ccrcccvccserrocccserecesor 0-5637 973 
TENURED even dedvosssscaccevedeseouuniovenaeepes 0-5923 1,023 
ED “sccbchinevanssaedncnasscedercetccgucceibbniensh 0-5964 1,030 
SEES! “Linevasesseno<ceswsdetesocssovscrovessctesepeenentotek 0-994 1,716 
CCE - “nissrsssresrorevteroseectestedioswent 1-102 1,903 
NE IER OO, MEOEIO) soeinscacsccscvezessocesenpesenceess 1-249 2,157 
Bourbon-l’ Archambault (S. Thermale) ............... 1-313 2,267 
Bussang (S. des Demoiselles) ..............cecsscesceees 1-362 2,351 
meenerweonn (8. Thermaile) .......0.00sccsceesvecsseesss 1-388 2,413 
NUE i. acne dans Ob idetsotoosedesnssnegeteunsieonebes 1-664 2,864 
Bourbon Lancy (8. Lymbe) _ ............ssssosecescvece 1-697 2,931 
VO Coy FUN CU MAIGU) uo nc cesenesescogesccnsecees 1-74 3,005 
PONE TE, ELOMIGING) 5.06.0. .cecccecgcestoesooenseese 7-00 12,085 
METRE, GEUOE) civdoncccvcssacceseeaenratersonseuss 13-43 23,193 
NE COD. RAUMEUM) © <,..ccccccccoveevteereesoossceees 14:37 24,814 
* Pour ces Gaz de Sources, la proportion de Néon, vis a vis de celle de 
lHélium, n’étant pas négligeable, nous avons pris les rapports a =, 


comparés au méme rapport dans |’air. 


8. On rencontre dans toutes les sources, comme il existe dans 
Vatmosphére, un gaz relativement inerte: l’azote, qui suit partout 


a.m fF 


eg 


ce 
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les gaz rares, dont il est le diluant constant. Si notre théorie est 
fondée, il faut s’attendre & trouver pour le moins une certaine uni- 
formité dans les rapports entre l’argon et l’azote, par exemple, 
dans les mélanges gazeux naturels. Cette prévision est aussi véri- 
fiée par l’expérience d’une maniére satisfaisante: le rapport dans 
lair étant toujours pris pour unité, nous le trouvons compris : 
dans 31 sources, entre 0°26 et 0°99; dans 54 sources, entre 1 et 
1:35; dans 10 sources, entre 1°35 et 1°69; dans 9 sources entre 
169 et 3°39. La moyenne générale est voisine de 1°18.* 

A la vérité, les écarts sont ici plus forts que ceux rencontrés 
en comparant les rapports Krypton: Argon, Xénon: Argon et 
Xénon : Krypton; mais l’impression de constance ne s’en dégage 
pas moins clairement. 

Au surplus, il convient de ne pas oublier que l’inertie chimique 
de l’Azote est toute relative: l’Azote est seulement, de tous les 
gaz courants, le moins apte 4 contracter des combinaisons. Au 
point de vue de la Géologie, on peut le considérer comme un gaz 
sensiblement inerte. 

¢. Si, d’ailleurs, faisant entrer en scéne un gaz facile 4 combiner, 
on considérait le rapport argon: anhydride carbonique, par 
exemple, on constaterait que, suivant les sources, ce rapport peut 
prendre toutes les valeurs possibles, depuis zéro jusqu’a Vinfini. 

On voit que tous ces résultats sont en harmonie avec la théorie 
astrophysique exposée plus haut. [1] nous reste & prouver, pour 
quelle ait toute sa force, que les autres variétés de gaz naturels 
(grisous, gaz de pétroles, etc.) possédent une composition égale- 
ment concordante avec cette théorie. 


Il—Les Gaz Rares des Grisous. 


Nos études sur les gaz rares présents dans les gaz spontanés des 
sources thermales nous ayant révélé, 4 M. Lepape et & moi, toute 
limportance que présente |’étude de la dissémination de ces élé- 
ments dans la Nature, nous nous sommes naturellement occupés, 
au méme point de vue, d’autres mélanges gazeux souterrains. Il y 


* Tl est & remarquer que les plus forts écarts s’observent parmi les gaz trés 
riches en gaz carbonique (valeurs extrémes: 0-26 et 3-39). On constate, en 
outre, que les rapports sont généralement trés élevés pour cette catégorie de 
gaz (ils sont supérieurs 4 1 dans 22 cas sur 25, parmi lesquels 18 présentent 
des valeurs comprises entre 1-3 et 3-39). 

En ce qui concerne les gaz trés riches en Azote, les limites entre lesquelles 
varient les rapports sont beaucoup plus étroites (0-58 et 1-39). Et lon 
remarque que c’est chez les plus riches en Hélium que se rencontrent les 
tapports les plus faibles. 

Nous nous bornons, pour l’instant, 4 constater ces faits, que nous tenterons 
d’expliquer par la suite. 
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TaBuE VI. 
Rapports 7 dans les Gaz des Sources Thermales comparés au 
méme Rapport dans V Air. 


Ar 
Na 102, 


Provenance du mélange gazeux. 
Air atmosphérique 1-195 


Pougues (8S. St. Léon) 0-309 
»  (S. St. Léger) . 
Cambo 


Santenay (S. Carnot) ...........seeeeeeee seaseeracteoeh ps 
pa Cy BREET <cecesccesccrcsceee Pissarieseesewes 
ve Ci BAMORTIRP I ch ccs cdsccccsccdeccccdcs lecsed 

(S. Fontaine Salée) ..............eceee bevenes 

Maiziéres (S. Romaine) 

Bourbon-!’ Archambault (8. Thermale) . 

Decize (S. St. Aré) 

Uriage 

Hammam Mélouane (8. des Européens) 

Audinac (8S. Chaude) 

Fumades (S. Zoé) 

Niederbronn 

Bains-les-Bains (S. Savonneuse) 

La Aliseda (S. St. Joseph) 

Evaux (S. du Vaporarium) ............+++ psededeoesonpes 

» (8S. du Bassin Ovale) 
» (8S. du Puits du Milieu) ............. aendencees ‘ 

Audinac (S. des Yeux) 

Beaucens (S. de l’Etablissement) ....... pacebsebe 

Chatel-Guyon (S. Gibler) 

Evaux (8. du Puits César) 


Beaucens (S. de la Grange) 

Bourbon-Lancy (8. du Lymbe) 

Caldellas (S. 7 a 0 do Carvalho) ...........sss00 epevecs 
Péchelbronn (3. Thermale) 

Saint Honoré (8S. Crevasse) 

Beeet 1B, Clmae) . ccssscdsnsccsesscsccncsces povendoossesoeee 
Bourbon-Lancy (8. Valois) 

Bath (King’s Well) 

Badgastein (Gratenbiiker) 

Evaux (8. de l’Escalier) 

pen AE, BagGE) — sisivincdcrddicssccoccvesesccce posuasodes . 
Bourbon-Lancy (8. Reine) 

Eaux Bonnes (S. Vieille) .............sesesceseees weegeee 
Di CEE iockemesieeotivseretescoscaseses pebdonenes 
Dax (8. Trou des Pauvres) ...........++ psysecgsbouresve 
Aix-les-Bains (S. du Soufre) 

Panticosa (S. del Estomago) ...........sssseeeeees 


- (S. St. Augustin) 
Sail-les-Bains (S. du Hamed) 
CL. dccscsidihnesoecenssovcerecesonquonsens 
Dax (S. Nehe) 
BD ES CEE ccrcecsescssncvcescovececes Seeudeue eceeees 
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TaBLE VI (continued). 


Provenance du mélange gazeux. 


Bourbon-Lancy (S. St. Léger) 

Bagnéres-de-Luchon (8. Bosquet No. 2) 

(S. Lepape 

as a (S. Ferras 

Saint Amand (8. Vauban) 

Cauterets (S. César) ......ccecceee Sedsodbesbodsnseqsgesows 
Eaux Chaudes (8S. Esquirette) 

Luxeuil (S. Bains des Dames) 

Bagnéres-de-Luchon (8. Saule No. 2) . 

a me (S. Bordeu No. 1) 
Luxeuil (S. Grand-Bain) 
Nancy (S. St. Marie) 
Panticosa (S. del Higado) 

Aix-les-Bains (S. Alun) 

La Chaldette 

Bagnéres-de-Bigorre (S. Salies) 

Longwy (S. des Récollets) 
Bagnéres-de-Luchon (8S. Richard Nouvelle) 
Cauterets (S. la Raillére) 

Mont Dore (S. des Chanteurs) 

Spa (S. Tonnelet) 

Baudour (S. Elisabeth) 
Bagnéres-de-Luchon (8. Pré No. 1) 
Plombiéres (8. Crucifix) 

Bussang (S. des Demoiselles) 

Cauterets (S. Bois Vieux) 

Bourbon-Lancy (S. Descures) 

Plombiéres (S. No. 3) 

Bagnéres-de-Luchon (8. Humages) 
Balaruc (S. Romaine) 

Ax-les-Thermes (8. Viguerie) 

Cauterets (S. Mauhourat) 
Bagnéres-de-Luchon (S. Bordeu No. 2) 
Lamalou (S. No. 22)  ......0006- paedesbeereuesessssonsens 
Martres d’Artiéres 

Plombiéres (S. des Capucins) 

Cauterets (S. des Ocufs) ........eeseeeeee cccccveccoscoese 
Plombiéres (S. No. 5) .....s.sceceseecees sdebtooeweesestse 
Vichy (S. Chomel) 

Plombiéres (S. Vauquelin) 

Saint Priest des Champs (S. Baisle) 
Colombiéres-sur-Orb 

La Trolliére 

La Bourboule (S. Choussy) 
Colombiéres-sur-Orb (S. de la Galerie) 
Vichy (S. des Célestins) 

Lamalou (S. Puits No. 2) 
Colombiéres-sur-Orb (S. Carapace) 
Lamalou (S. de la Galerie) 

Saint Julien 

Lamalou (S. de Bourges) 
Colombiéres-sur-Orb (S. Galerie Nouvelle) 
Soultzmatt (S. Communale) 
Colombiéres-sur-Orb (S. Ruisseau d’ Arles) 
Vichy (S. Grande-Grille) 


” . 
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a la un vaste probléme dont l’intérét s’étend & tous les gaz naturels, 
Les grisous, en raison de leur origine spéciale, ont sollicité tout 
d’abord notre attention. 

Nombreux sont les travaux dont les grisous ont, 4 divers points 
de vue, déja fait l'objet. Nous mentionnerons tout spécialement, 
& cause de son grand intérét et parce qu’il est dans le méme ordre 
d’idées que celui de nos propres recherches, un important travail 
de Th. Schloesing fils sur la composition de ces gaz naturels. En 
dehors de la partie combustible, qui, d’aprés cet auteur, est générale- 
ment formée de méthane pur, il y a toujours rencontré de l’azote 
accompagné d’argon. Nous avons entrepris un examen approfondi 
de cette fraction non combustible, constituée en grande partie par 
de l’azote (azote brut) et qui, d’aprés nous, devait contenir, outre 
largon qu’y avait signalé Schloesing, les quatre autres gaz rares: 
helium, néon, krypton, xénon. 

Nos prévisions ont été pleinement vérifiées par l’expérience. Et 
nous avons méme, en ce qui concerne l’hélium, rencontré dans 
les grisous d’importantes proportions de ce gaz. Or nous con- 
naissons sa parenté avec les substances radioactives, et il y avait 
lieu, par suite, d’étudier la radioactivité des grisous et des charbons 
grisouteux d’ou ils étaient issus. Nous avons donc recherché: 
dans les premiers, l’émanation du radium, et, dans les seconds, le 
radium et le thorium. Si la détermination de |’émanation du 
radium est relativement simple, il n’en est pas de méme de celle 
de traces de radium et surtout de thorium. Nous donnons plus 
loin un apercu des procédés que nous avons suivis. 

De la sorte, aprés l’azote brut des grisous, nous étudierons la 
radioactivité des grisous et des houilles. Nous terminerons par les 
conclusions et diverses considérations générales. 


A.—FEtude de V Azote brut des Grisous-Débits. 


Les grisous que nous avons étudiés, au nombre de dix, provien- 
nent de soufflards ou de trous de sonde des mines de Liévin (Pas-de- 
Calais), Lens (Pas-de-Calais), Anzin (Nord), Frankenholz (Palatinat), 
Agrappe (prés Mons), Spittel (Sarre-et-Moselle). 

(a) Technique expérimentale—L’objet de nos travaux étant la 
recherche, dans les grisous, de gaz peu abondants et présents dans 
Yair atmosphérique, la prise d’essai du gaz était toujours faite avec 
des précautions spéciales afin d’éviter toute contamination par 
Yair. Nous avons, en général, opéré sur un volume relativement 
grand de grisou (plusieurs litres et jusqu’a 20 litres). 

Notre mode opératoire, en principe, est le méme que celui que 
nous avons mis en cuvre pour |’étude des gaz thermaux. Ici 
toutefois, la partie combustible était de beaucoup le plus importante, 
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nous devions |’éliminer dans un appareil spécial, ot nous la brilions 
par l’oxyde de cuivre. L’azote brut étant obtenu, nous le traitions 
comme dans le cas des gaz thermaux: action du calcium au rouge 
fractionnement du résidu de l’absorption (gaz rares) par le charbon 
refroidi, examen des spectres. 

(b) Résultats analytiques—Nous rassemblons dans le tableau 
suivant les résultats numériques de nos expériences concernant les 
dosages d’azote et de gaz rares dans les grisous étudiés et qui con- 
duisent & la composition centésimale, en volumes, des grisous. 


TasBie VII. 


He+Ne 
Azote brut Gaz rares des gaz 
Volume de du gaz de l’Azote rares en 
Origine du grisou traité naturelsec brut pour bloc pour 
grisou. (en litres). pour 100. 100. 100. 


Agrappe 18-75 0-37 14-33 94-20 
Anzin 16-10 1-92 3°40 67-30 
Frankenholz 3-80 2-11 2-28 57-00 
19-50 1-85 2-01 0-87 

12-35 2-47 2-127 25-10 

1-065 1-69 11-11 


Tasie VIII. 
Composition centésimale des grisous secs, en volumes. 


Gaz rares. 


Argon 
+-traces Hélium 
de Kr -+traces 
Anhydr- et Xe de Ne 
Lieux ide car- Gaz com- en (Gaz (Gaz 
d’Origine. bonique. Oxygéne. bustibles. Azote. bloc. lourds). légers). 


Agrappe ... traces néant 99-60 0-317 0-053 0-003 0-050 
Anzin 0-16 néant 97-92 1-854 0-065 0-021 0-044 
Frankenholz 2: traces 95-09 2:06 0-048 0-021 0-027 
é néant 98-15 1:81 0-037 0-0367 0-0003 

néant 97-03 2-41 0-053 0-040 0-013 

néant 98-26 1:047 0-018 0-0156 0-0023 


(c) Débits—Les dégagements de grisous, en général, sont trés 
abondants, mais leur durée est relativement courte, et, de plus, 
ils sont irréguliers. Aussi est-il fort difficile de connaitre avec 
exactitude le volume de gaz rares qu’un grisou répand dans 
latmosphére. 

Pour trois de nos six grisous, voici quelques chiffres, certainement 
exacts quant a l’ordre de grandeur. 
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TaBue IX, 
Débits (en métres cubes par an). 


ve Spittel 
(Pour l’ensemble des dégagements de grisou.) 


B.—Radioactivité des Grisous et des Houilles. 


(a) Emanation du radium des grisous.—Nous n’avons pas étudié 4 
ce point de vue le grisou de Sarre-et-Moselle. Dans aucun des cing 
autres, nous n’avons pu mettre en évidence la présence de 1|’émana. 
tion du radium. Etant donné que la quantité minima d’émanation 
que notre méthode nous permettait de déceler et de mesurer est 
d’environ 2. 10-14 curie par litre de gaz, nous pouvons affirmer que 
les cing grisous étudiés par nous en contiennent moins que 2.10 
curie, soit 0°02 millimicrocurie, par litre. Nos analyses nous ont 
montré que, pour ces cing grisous, les proportions moyennes d’azote 
brut sont d’environ 2 % du gaz naturel. I] s’ensuit donc que, si 
Von rapporte l’émanation & |’azote brut, celui-ci en contient une 
proportion au plus égale & 1 millimicrocurie par litre. Pratiquement, 
donc, ces grisous, ou méme |’azote brut de ces grisous, ne sont pas 
radioactifs. 

(b) Radium et thorium dans les houilles—A Vépoque oi nous 
exécutions nos expériences sur les gaz rares des grisous, aucun 
dosage d’éléments radioactifs dans les houilles n’avait encore été 
publié. A cause de l’importance fondamentale de cette donnée 
pour l'interprétation de nos résultats relatifs aux gaz rares, nous 
avons entrepris la recherche et le dosage du radium et du thorium 
dans les houilles avoisinant les soufflards ou les trous de sondes 
d’ott provenaient les grisous par nous étudiés. 

Pour doser le radium et le thorium dans la houille, nous nous 
sommes adressés aux méthodes usuelles basées sur la propriété des 
émanations du radium et du thorium. Nous avons d’abord isolé 
puis, suivant la technique de Shutt, amené en solution la partie 
minérale de la houille (cendres); ensuite, cette trés longue opération 
effectuée, nous avons mesuré |’émanation du radium accumulée 
dans la solution aprés que celle-ci avait été conservée en vase clos 
pendant un temps défini, et nous avons déduit de cette mesure la 
teneur en radium de la houille. Enfin, & la solution privée d’émana- 
tion du radium, nous avons appliqué, pour le dosage du thorium, 
la méthode de Joly, basée sur l'utilisation du courant d’émanation. 

Voici le résultat de nos mesures : 
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TABLE X. 
Radium et thorium dans les houilles. 


: Radium en Thorium en 
} Poids de 10° g. 10~ g. 
houille cendres dans 1 g. dans 1 g. 
traité, en pour de de de de 
Origine. grammes. 100.  cendres. houille. cendres. houille. 


AACR 3 <0°-5 <0-01 1-2 0-02 

LJetheveese “5 <0°5 <0-01 <0-5 <0-01 

Frankenholz 2000 2 0-04 1-5 0-03 

‘  iaceimnbons 500 1 8-8 0-97 3 0-33 
64 tisvin. ......... 200 46 <05 <02 


Il y aura lieu de compléter les déterminations de radium et de 


1a 
on thorium dans la houille par l’étude, au méme point de vue, des 
st roches encaissante$, qui sont, en général, des grés et des schistes. 
ue On sait, par de nombreuses mesures dues a divers savants, que leur | 
11 teneur moyenne est : en radium, de l’ordre 1°5-1*g. de radium par } 
nt gramme de roche et, en thorium, de 1:2~° g. de thorium par gramme 
te | de roche. a 
si C.—Observations Diverses—Conclusions. HW 
e Nous avons rassemblé ci-dessus les résultats bruts de nos mesures. i] 
, Il s’agit maintenant de déduire, de ces données nouvelles et de leur iy 
s comparaison avec celles que nous a fournies l'étude des gaz ther- Hy 
maux, les enseignements qu’elles comportent et les conclusions qui : 
en découlent. y| 
(a) Remarques sur la composition des grisous.—Laissant de cdté la | 
partie combustible, que nous nous sommes bornés & déterminer en 
bloc et qui est toujours trés largement prédominante dans les 


grisous, nous ferons lés remarques suivantes : 

1. Nous avons trouvé nos grisous complétement exempts d’oxy- 
géne & l’exception d’un seul (Frankenholz), pour lequel on est ainsi 
en droit de supposer une introduction accidentelle d’air dans |’éehan- 
tillon examiné. Tous les grisous doivent sans doute étre exempts 
d’oxygeéne. 

Si on rapproche de ces résultats le fait que l’oxygéne est com- 
plétement ou presque complétement absent dans la grande majorité 
des gaz des sources thermales, on ne peut s’empécher de remarquer 
le contraste qui existe, eu égard & la teneur en oxygéne, entre 
’atmosphére interne de la ‘Terre et son atmosphére externe, qui en 
contient un cinquiéme. 

2. D’aprés nos recherches et celles de Schloesing, il y a au plus 
quelques centiémes d’anhydride carbonique dans les grisous. Un 
de nos échantillons (Lens) en était méme totalement dépourvu. 
Une faible teneur parait étre le cas général pour les mélanges naturels 


GS ee —— oe a ea 
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riches en gaz combustibles. On se rappelle que dans les source 
thermales, au .contraire, l’anhydride carbonique est souvent tris 
abondant. 

3. Les grisous renferment toujours une partie non combustible, 
laquelle, en dehors de l’anhydride carbonique, est constituée par 
Vazote et les gaz rares (mélange que nous appellerons azot 
brut). 

La proportion d’azote brut, toujours trés notablement inférieure 
& celle de la partie combustible, peut varier néanmoins dans d’assez 
larges limites. Un de nos grisous n’en contenait que 3°7 milliémes, 
et, chez les autres, la proportion était, en moyenne, voisine de 2 
centiémes. 

4. (a2) En ce qui concerne la composition qualitative de cet 
azote brut, nos recherches présentent un accord trés complet. 
Outre l’azote lui-méme, les cing gaz rares: hélium, néon, argon, 
krypton, xénon, ont été nettement caractérisés dans nos divers 
échantillons de grisou. 

De son cdté, Schloesing a mis en évidence l’argon dans ceux de 
ses échantillons de grisou (Anzin, Plat-de-Gier, Saint-Etienne) oi 
il l’a recherché. 

L’argon et l’hélium ont, en outre, été recherchés et reconnus par 
nous dans le grisou de Liévin, et ’hélium dans ceux d’Anzin et de 
Plat-de-Gier. 

Ajoutons enfin que Czak6 a caractérisé Vhélium dans le grisou 
de Zeche Gneisenau. 

Bref, les cing gaz rares ont pu étre reconnus dans tous les grisous 
ou. on les a recherchés. On peut en déduire qu’ils sont présents 
dans tous les grisous. 

(6) Quant aux proportions des gaz rares, elles sont toujours 
beaucoup plus faibles que celles de l’azote. Le mélange global des 
gaz rares, dans celui de nos grisous ot il est le plus abondant, est 
de 6°5 dix-milliémes (Anzin). Dans les grisous étudiés par Schloesing, 
il a varié de 1:2 (Firminy) 4 60 (Plat-de-Gier) dix-milliémes. 

Nous ne connaissons pas, pour le moment, les teneurs de nos 
grisous en néon. Nous pouvons dire seulement qu’elles sont trés 
faibles et, de plus, qu’elles pourront généralement, dans ces gaz, 
étre négligées devant celles de l’hélium. 

Toujours infimes, les teneurs en krypton et xénon y seront, de 
méme, négligeables devant celles de l’argon. 

Les proportions d’hélium, dans nos grisous, vont de 3 millioniémes 
(Lens) 4 5 dix-milliémes (Agrappe, prés Mons). Dans le grisou de 
Leche Gneisenau, Czaké a trouvé une teneur en hélium de 67 
millioniémes. Nous reviendrons ci-dessous sur les débits d’hélium 
des grisous (voir en b). 
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Les teneurs en argon sont comprises, dans nos grisous, entre 
3 cent-milliémes (Agrappe, prés Mons) et 4 dix-milliémes (Liévin). 

(b) Hélium des grisous et radioactivité—L’hélium, d’aprés ce qui 
précéde, est un des éléments constitutifs des grisous, comme il l’est 
des gaz thermaux. Ce fait est en complet accord avec nos pré- 
visions. L’hélium, en effet, se produit dans la désintégration des 
substances radioactives, et des traces de celles-ci se rencontrent en 
tous lieux dans le sol et le sous-sol. On doit donc y rencontrer 
partout l’hélium, 

Ce point étant acquis, diverses considérations trouveront ici leur 
place : 

1. Il résulte de nos recherches que les grisous peuvent renfermer 
des proportions relativement importantes d’hélium (5 dix-milliémes 
4 Agrappe). Si l’on tient compte des forts débits qu’ils présentent 
généralement, on s’apercoit que des quantités considérables d’hélium 
sont déversées par cette voie dans l’atmosphére. La mine d’Anzin 
(0°04 pour 100 d’hélium) en dégage 12 métres cubes par jour, soit ; 
4380 métres cubes par an, et celle de Frankenholz (0°027 pour 100) 
10 métres cubes par jour, soit 3650 métres cubes par an. Ces ! 
débits sont énormes, et ils surpassent de beaucoup ceux que nous 
avons rencontrés dans les sources thermales les plus riches (San- 
tenay, 18 métres cubes par an; Néris, 34 métres cubes paran). I h 
convient toutefois de ne pas oublier, 4 ce propos, que les dégagements a 
gazeux des sources thermales sont constants et durables, tandis que i 
les soufflards des grisous s’épuisent généralement en quelques 
années. Et nous ignorons lequel, de l’hélium des sources ou de 
celui des grisous, l’emporterait si l’on considérait une longue période 
de temps. 

Rappelons ici l’intérét que présentent, 4 un autre point de vue, ! 
les dégagements gazeux de certaines sources thermales. Si les p 
débits des sources de Maiziéres et de Santenay apparaissent relative- 
ment faibles devant ceux des grisous (respectivement 1 métre cube 
et 18 métres cubes par an), les concentrations en hélium y sont, 
par contre, trés élevées; le gaz spontané brut renferme, & Maiziéres, 
prés de 6 pour 100 d’hélium, et, 4 Santenay, 10 pour 100. 

2. Nous avons reconnu des traces de radium et de thorium dans 
les houilles d’ott proviennent nos grisous (moyennes 0:2. 107)? gr. 
de radium et 0°1.10- gr. de thorium par gramme de houille). En 
dehors de nos déterminations, les seules, & notre connaissance, 
qui aient été faites relativement 4 la radioactivité des houilles, 
sont dues & Lloyd et Cunningham, de |’Université d’Alabama 
(Etats-Unis-d’Amérique), qui ont dosé le radium dans dix échan- 
tillons de houille provenant de différentes localités et dans un 
lignite ; la moyenne des teneurs était de 0°166.107!* gr. de radium 
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par gramme de houille. Ces résultats, comme on le voit, sont ey 
parfaite concordance avec ceux de nos dosages de radium. 

Si nous n’avons pas trouvé radioactifs les grisous eux-mémes, 
cela tient, sans aucun doute, & l’insuffisance de la sensibilité de 
notre méthode demesure. Minimes, en effet, sont les quantités 
d’émanation que les faibles traces de radium des houilles, pour 
ne parler que de cet élément radioactif, dont l’émanation est 4 
destruction lente, doivent déverser dans les grisous. 

Les infimes teneurs des houilles ou des grisous en matiéres radio. 
actives peuvent-elles rendre compte des énormes débits d’hélium 
des soufflards? Nous donnerons & cet égard, a titre d’exemple, 
le calcul suivant, relatif au grisou de Frankenholz. 

Le grisou qui se dégage de cette mine améne au jour, quotidien- 
nement, 9 métres cubes d’hélium. Pour fixer les idées, nous 
supposerons que la quantité totale d’hélium qu'elle aura déversée 
dans l’atmosphére, lorsqu’elle sera épuisée, est équivalente a celle 
qu’elle fournirait, avec le débit actuel, et le gaz ayant partout et 
toujours la méme teneur en hélium (0°027 pour 100), pendant 20 
ans, ce qui donnerait le volume de 73000 métres cubes. Admettons 
pour un instant, en outre, que cette quantité d’hélium représente 
la totalité de celle qui a été produite par les matiéres radioactives 
de la houille (dont nous supposerons encore, pour simplifier, que 
la masse n’a pas diminué) depuis la période carbonifére, que nous 
ferons remonter, pour prendre un chiffre moyen parmi ceux qui ont 
été proposés, 4 100 millions d’années. Connaissant les teneurs de 
la houille de Frankenholz en radium (0°04 .10-!? gr. de radium par 
gramme de houille) et en thorium (0:03.10 gr. de thorium par 
gramme de houille), ainsi que les lois de production de l’hélium 
par le radium et le thorium, on trouve qu'il a été produit 2°2.10° 
millimétres cubes d’hélium par gramme de houille, et que, par 
conséquent, le poids de houille d’ou proviendraient les 73000 métres 
cubes d’hélium serait de 33 milliards de tonnes (soit 22 milliards 
de métres cubes; c’est environ 1000 fois la production annuelle de 
la France). Mais n’est-i] pas probable que V’hélium engendré 
reste, en grande partie, occlus dans la houille, et qu’une fraction 
trés petite doit seule s’en échapper, en sorte que la masse de houille 
qui aurait été réellement nécessaire pour que la mine puisse répandre 
dans l’atmosphére 73000 métres cubes d’hélium serait trés supé- 
rieure & 33 milliards de tonnes (peut-étre 100 fois ou 1000 cette quan- 
tité, peut-étre beaucoup plus encore)? I] semble donc, d’aprés 
ces évaluations, qu’il n’y ait qu’une trés petite fraction de l’hélium 
des grisous qui doive étre issue des matiéres radioactives de la 
houille. 

On pourrait envisager le méme probléme en considérant aussi 
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les roches encaissantes, dans la substance desquelles sont également 
disséminées des matiéres radioactives. D’aprés les plus récentes 
études, les teneurs moyennes des roches sédimentaires sont, pour 
Je radium, 1°5.10-1* gr. de radium par gramme de roche, et, pour 
le thorium, 1:16.10 gr. de thorium par gramme de roche, soit 
environ 40 fois les teneurs en radium et en thorium des houilles. 
On voit donc qu’un raisonnement semblable au précédent conduirait 
4 des chiffres du méme ordre de grandeur et, par conséquent, & une 
conclusion analogue. 

Quoi qu’il en soit, étant donné les énormes quantités d’hélium 
dont il s’agit, il est hors de doute qu'il n’y en a qu’une minime 
fraction qui soit de formation récente, de l’hélium jeune ; on peut 
dire, en toute assurance, que la presque totalité est, au contraire, 
| de ’hélium ancien, de |’hélium fossile, et qu’une partie au moins 
(sans doute de beaucoup la plus importante) n’est pas issue des 
matiéres radioactives de la houille. Comment, par quel mécanisme, 
cet hélium étranger a-t-il pu étre amené dans la masse des houilles 
grisouteuses ? Nous nous contenterons, pour l’instant, de poser 
la question. Elle se présente, en effet, de la méme maniére pour 
les autres gaz rares, qui, comme nous savons, font également partie 
constitutive des grisous. Nous |’examinerons plus loin dans son 
ensemble. 

(c) Constance de certains rapports—Nous avons montré précé- 
demment que les rapports, en volumes, du krypton & l’argon, du 
xénon & l’argon, du xénon au krypton, et de chacun de ces gaz & 
azote, dans les gaz spontanés des sources thermales, présentent 
un caractére de constance tout a fait évident, que leurs valeurs 
respectives moyennes sont trés voisines (légérement supérieures) 
des valeurs des rapports correspondants dans |’air atmosphérique. 
Cette constance remarquable nous a paru s’expliquer au moyen 
d'une hypothése trés simple, laquelle, remontant jusqu’a la nébu- 
leuse génératrice du systéme solaire, s’appuie sur l’inertie chimique 
des éléments considérés, ainsi que sur leur faculté de conserver 
l'état gazeux dans un large champ de variation des conditions 
physiques. 

Ayant dosé l’azote et les gaz rares dans les grisous, recherchons 
si la loi de constance s’étend aussi & ces mélanges gazeux, absolument 
différents des précédents. 

Nous avons calculé, pour les échantillons de grisou étudiés, 
les rapports argon-azote, krypton-argon, xénon-argon et xenon- 
krypton. Les valeurs de quelques rapports ont, en outre, pu étre 
déterminées dans deux échantillons d’argon brut (ce que nous 
appelons mélange global des gaz rares) de grisous, obligeamment 
mis & notre disposition par Th. Schloesing fils. 
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Dans le Tableau suivant, nous donnons les valeurs respectives, 
en volumes, de ces divers rapports, la valeur que chacun d’eux 
présente dans l’air atmosphérique étant conventionnellement 
prise pour unité. Nous y ajoutons, a titre d’indication, les valeurs 
absolues, multipliées par 100, des rapports argon-azote : 


TABLE XI. 

Ar 

N2 

[ee 4 
NE 102 


(grisou). ** (grisou). > Xe ; (srisou). aie 


5 (air). x (air). = © (air). 


Provenance dv grisou 


1 


e) 
Th. Schloesing (échan- 
tillon No. 1) 
Th. Schloesing (échan- 
tillon No. 2). 1-4 


(a) On voit que les divers rapports, lorsque l’on prend le rapport 
dans l’air pour unité, sont assez voisins les uns des autres, et qu’ils 
s’éloignent relativement peu de l’unité. Ils sont d’ailleurs tous 
(sauf trois des rapports du grisou de Lens) compris entre les limites 
extrémes atteintes par les rapports correspondants des mélanges 
gazeux naturels précédemment étudiés. Il nous parait donc légi- 
time d’affirmer que la loi de constance des rapports entre les gaz 
chimiquement inertes dans les mélanges gazeux naturels s’applique 
certainement aussi aux grisous. 

(6) Nous ne pouvons cependant pas ne pas observer que, malgré 
le petit nombre de cas étudiés, les variations de ces divers rapports 
se montrent beaucoup plus étendues dans les grisous que dans les 
gaz thermaux. II convient de remarquer, en outre, que la plupart 
des valeurs des rapports ci-dessus sont inférieures aux valeurs 
moyennes des rapports correspondants pour les gaz thermaux; 
et l’on voit, en particulier, combien faibles sont les valeurs de 
trois des rapports dans les grisous de Lens (0°5; 0°3; 0°7). Nous 
reviendrons plus loin sur ces divers points. 

Cas de Vhélium. Variabilité des rapports—Dans ce qui vient 
d’étre dit sur Jes rapports mutuels des gaz inertes, nous n’avons 
mis en cause que l’argon, le krypton, le xénon et |’azote, laissant 
de cété l’hélium et le néon. La raison en est, pour le néon, en ce que 
les données analytiques quantitatives nous font totalement défaut; 
nous sommes en mesure, par contre, de traiter le cas de l’hélium. 


Liévil 
Spitte 
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(a) Il résulte de nos déterminations, en ce qui concerne l’hélium, 
que son rapport avec l’un quelconque des autres gaz inertes ne 
présente aucune régularité. Dans le Tableau suivant, nous donnons, 
4 titre d’exemples, les rapports héliwm-argon dans nos grisous, 
les valeurs de ces rapports quand on prend la valeur dans lair 
pour unité, et les rapports Aéliwm-azote en valeurs absolues et 
calculés également par rapport a l’air. 


TABLE XII. 
He 


N2 
He 


N2 


(grisou). 


He 
Ne 


(air). 


Lens 


Liévin 


0-1576 
0-0237 
0-0133 
0-00021 
0-0054 


23,100 
3,470 
1,950 

30 
790 


Spittel (Sarre et Moselle) 0-149 0-00228 322 


L’absence de toute constance est évidente. L’hélium se sépare 
ici nettement des autres gaz inertes. On voit, en outre, que ces 
rapports sont tous trés supérieurs & ce qu’ils sont dans l’air. Le 
rapport héliwm-argon, par exemple, dans le cas oti il est le moins 
fort, & Lens, l’est cependant encore 15 fois plus que dans l’air; 
et 4 Mons, il l’est 31000 fois plus. 

On remarquera la valeur trés élevée du rapport héliwm-azote 
du grisou d’Agrappe (prés Mons) ; cette valeur correspond & 13 pour 
100 d’hélium dans l’azote brut. L’azote brut de ce grisou est, a 
notre connaissance, le plus riche en hélium parmi tous les azotes 
bruts des mélanges gazeux naturels qui ont été étudiés jusqu ici. 

(6) Quant & l’explication de l’absence de toute uniformité dans 
les rapports entre l’hélium et les autres gaz inertes dans les grisous, 
elle ne peut étre qu’identique 4 celle que nous avons donnée dans 
le cas des gaz thermaux. Si de l’hélium est engendré sans cesse 
et partout dans l’écorce terrestre par les corps radioactifs, le dégage- 
ment de ce gaz des roches ou il est occlus dépend de divers facteurs : 
nature et dge des roches, perméabilité, température, pression, etc. ; 
et, par suite, les valeurs des rapports entre la teneur en hélium et 
celles des autres gaz inertes dans les mélanges naturels ne sauraient 
étre que fort capricieuses. 


Il—Les Gaz Rares de mélanges naturels divers 
riches en Gaz Combustibles, 


Outre les gaz thermaux et les grisous, d’autres gaz naturels 


devaient aussi attirer l’attention. Nous avons, M. Lepape et moi, 
VOL, CXXIIT. 3U 
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étudié avec soin l’azote brut de quelques-uns d’entre eux, et, en 
outre, divers auteurs, se sont occupés de gaz naturels riches en gaz 
combustibles, spécialement en vue de la recherche de l’hélium, 

Nous résumerons d’abord nos recherches, qui, tout en ne portant 
que sur un petit nombre de gaz naturels, forment un tout complet 
et apportent de nouvelles données précieuses pour la question des 
gaz rares prise dans son ensemble. , 


A.—Les Gaz Rares des Mines de Pétrole et de Potasse d’ Alsace, et de 
quelques autres Gaz Naturels. 


Nos expériences ont porté sur quatre gaz des mines de pétrole 
de Péchelbronn (Bas-Rhin), et un gaz des mines de potasse de 
Wittelsheim (Haut-Rhin), deux gaz de sondages faits 4 Lesquin 
(Nord) et 4 Vaux-en-Bugey (Ain) et deux gaz provenant de dégage- 
ments naturels secs & Moliéres (Drome) et & St. Barthélemy-en- 
Goa (Fontaine Ardente, Ysére). Chaque gaz a été traité, en principe, 
suivant les méthodes analytiques précédemment décrites. 

Voici les résultats de nos études : 


TaBLE XIII. 


Composition centésimale, en volumes, des Gaz des Mines de Peétrole a 
de Potasse d’ Alsace et de quelques autres Gaz Naturels. 
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Péchelbronn (Puits No. 1 
[Soufflard]) traces néant 
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Débits Gazeux (en métres cubes par an). 


chelb fSondage No. 2141 
Péchelbronn \ sondage No. 2183 : 
4,219 


Ces nouveaux résultats expérimentaux viennent confirmer en 
tous points les conclusions déduites de nos recherches sur les gaz 
rares des gaz thermaux et des grisous. 

1. Au point de vue qualitatif, nous constatons, dans les gaz 
d’Alsace, la présence constante de l’azote et des cinq gaz rares.* 

2. Au point de vue quantitatif, si nous envisageons la composi- 
tion de l’azote brut (azote + gaz rares), nous observons que les 
relations établies par nous antérieurement concernant les rapports 
nutuels entre les proportions de ]’azote et des gaz rares sont égale- 
ment vérifiées. On trouve, en effet, que le rapport argon-azote 
ne varie (lorsqu’on prend pour unité sa valeur pour l’air) qu’entre 
0:29 et 1°68, limites relativement étroites et d’ailleurs comprises 
entre les valeurs extrémes (0°25 et 3°39) précédemment trouvées. 

Toutes données nous font défaut sur les proportions de néon, de 
krypton et de xénon, mais nous pouvons affirmer que ces propor- 
tions sont négligeables devant celles de l’argon: elles sont trés 
petites, et l’on ne saurait douter que les rapports krypton-argon, 
vénon-argon et xénon-krypton ne soient en accord avec la loi de 
constance que nous avons antérieurement établie. 

Quant 4 l’hélium, nous constatons, ici comme partout ailleurs, 
la grande variabilité des rapports héliwm-azote et hélium-argon. 

On voit que ces observations apportent une pleine confirmation 
4 la régle générale que nous avons formulée relativement 4 la 
composition qualitative et quantitative de l’azote brut des gaz 
naturels. 


B.—L’ Hélium de divers gaz naturels (Allemagne, Etats-Unis, 
Canada, etc.). 


En dehors de nos recherches personnelles, que nous venons de 
résumer, un grand nombre de gaz naturels ont été étudiés par 
différents auteurs, mais toujours d’une maniére assez sommaire. 
C'est surtout de l’hélium qu’on s’est le plus souvent occupé, en raison 
de ’intérét exceptionnel qu’il présente. Je me bornerai 4 mentionner 
les principaux de ces travaux parvenus 4 notre connaissance. 

Dans quelques gaz naturels (Erdgazen) d’ Allemagne et d’Autriche- 

* Avant nos recherches, I’hélium et le néon avaient déja été mis en évidence 


dans un gaz de mine de potasse (Léopoldshall, He : 0:17) par Erdmann et 
dans deux gaz de pétrole de Pechelbronn par Czako. 
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Hongrie, Czako a trouvé des proportions d’hélium comprises entre 
00014 et 0°38 pour 100 du mélange brut. Le débit du gaz de 
Neuengamme est trés important. La quantité d’hélium qu’jl 
fournit annuellement dépasse 25000 métres cubes ; il est notablement 
plus élevé que le plus élevé de ceux que nous avons signalés (Anzin, 
4380 métres cubes). 

P. Cady et MacFarland ont étudié de nombreux gaz naturels des 
Etats-Unis d’Amérique; les teneurs en hélium étaient comprises 
entre 0°009 pour 100 et 1°84 pour 100 du mélange brut. MacLennan 
et ses collaborateurs (Satterly, Patterson, etc.) ont également 
étudié un grand nombre de gaz naturels du Canada; les teneur 
en hélium maxima observées étaient 0°3 pour 100. Les débits sont 
souvent considérables, et nous verrons plus loin que des extractions 
industrielles sont en cours tant au Canada qu’aux Etats-Unis. 

L’azote brut a le plus souvent été dosé, de méme qu’on a parfois 
recherché et reconnu la présence de l’argon, plus rarement du néon. 
Avec les données des auteurs, nous avons pu calculer les rapports 
hélium-azote, et, comme il était a prévoir, ils se sont trouvés essen- 
tiellement variables. 

On voit que si une multitude de gaz naturels riches en gaz com- 
bustibles ont été étudiés, il n’en est pas qui aient fait l’objet de 
recherches aussi complétes que les ndtres sur quelques-uns de ces 


gaz. Néanmoins, toutes sommaires que sont les données expéri- 
mentales des auteurs, elles suffisent & nous montrer que tous les 
résultats partiels concordent parfaitement avec ceux que nous avons 
nous-mémes obtenus. Et l’on peut en inférer, en toute certitude, 
que l’azote et les cinq gaz rares sont présents dans tous les gaz 
souterrains riches en gaz combustibles. 


IV.—Les gaz rares des gaz de roches et des gaz 
volcaniques. 


De trés nombreuses recherches ont été exécutées sur les gaz de 
roches et les gaz volcaniques. Ce sont généralement des mélanges 
complexes, ot. dominent souvent les gaz combustibles (hydrogéne, 
oxyde de carbone, hydrogéne sulfuré, méthane) accompagnés princi- 
palement d’azote et de gaz carbonique. 

A.—C’est en calcinant la clévéite que Ramsay découvrit I’hélium 
(1895). Ce gaz, ainsi que l’argon, a été également rencontré par 
Ramsay et Travers dans différents autres minéraux. 

Des recherches trés étendues de Strutt (1908 et années suivantes) 
ont montré que l’hélium accompagne généralement les traces de 
substances radioactives présentes dans les roches communes, ignées 
ou sédimentaires, et le méme sujet a aussi été étudié peu aprés par 
Piutti. 
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L’hélium est le seul des gaz rares qui aient fait l’objet de véritables 
dosages dans les roches. 

B.—L’argon et l’hélium ont été déterminés par Nasini, Anderlini 
et Salvadori dans les suffioni de Larderello (Toscane), les gaz des 
solfatares de Ponzzoles et les gaz hydrocarbonés de Salsomaggiore 
(1898—1906). Porlezza et Norzi ont étudié aussi, au méme point 
de vue, les gaz de Larderello. 

Moissan (1902) a trouvé l’argon dans une fumerolle du Mont- 
Pelé (Martinique), ainsi que dans deux fumerolles de la Guadeloupe. 

Moureu et Lepape (1909) ont reconnu la présence des cing gaz : 
| rares dans un gaz de Vésuve et les y ont dosés (sauf le néon). Les i 

rapports argon-azote, krypton-argon, xénon-argon ont été trouvés 
trés voisins de leur valeur pour l’air (respectivement 1-15—1-1—1-2, 
le rapport dans l’air étant pris pour unité). 

Thorkelsson a dosé l’argon et V’hélium dans les gaz des geysers 
d’Islande (1910). Les proportions dans les mélanges argon + azote 
étaient comprises entre 0°62 et 2°25 pour cent. 

En 1912, des gaz receuillis au cratére du Kilauea (Iles Hawai) 
ont été étudiés par Day et Shepherd, qui n’y ont pas trouvé 
d’argon. 

En 1919, Shepherd, examinant d’autres gaz de la méme origine, y 
a trouvé des proportions trés variables d’argon, allant jusqu’a 
19°11 pour cent. de l’azote brut (azote -}+- gaz rares). 

Allen et Zies, plus récemment, ont dosé l’argon dans des fumerolles 
d’Alaska; les proportions de ce gaz dans l’azote brut étaient com- 
prises entre 0°9 et 1°55. 4 

Comme on le voit, les gaz volcaniques examinés jusqu’d présent, 
sauf ceux du Kilauea, présentent pour le rapport argon-azote (le 
seul que les données expérimentales permettent de calculer) des 
valeurs s’accordant parfaitement avec celles qui ont été trouvées 
pour les autres gaz naturels. Le cas exceptionnel du gaz du 
Kilauea nous parait pouvoir s’expliquer par les considérations que 
nous avons déja présentées & propos des gaz thermaux et des grisous 
(toute relation de l'azote, surtout dans les conditions géochimiques 
trés particuliéres qui se trouvent realisées au lac de lave fondue du 
Kilauea) .* 


V.—Conclusions. 
I. lestimpossible,en considérant dans leur ensemble les nombreux 
faits relatifs & l’azote brut (azote + gaz rares), de ne pas apercevoir 
létroite analogie de composition qui s’en dégage entre l’azote brut 


* On trouvera de nombreuses données numériques et des considérations 
trés intéressantes sur les gaz volcaniques dans une belle étude d’ensemble 
du sujet publiée par E. T. Allen dans le Journal of the Franklin Institute, t. 193, 
p. 129 (1922). 
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des grisous ou autres mélanges naturels riches en gaz combustibies, 
d’une part, et celui des gaz thermaux, d’autre part. Partout 
Vazote brut a la méme composition qualitative: azote, hélium, 
néon, argon, krypton et xénon. Partout la proportion d’azote est 
largement prédominante; partout également les deux gaz rares le 
plus abondants sont l’argon et l’hélium, devant lesquels le krypton 
et le xénon sont toujours, et le néon presque toujours, négligeables, 
Partout encore, nous trouvons que les rapports krypton-argon sont 
voisins les uns des autres, ainsi que les rapports xénon-argon et 
xénon-krypton, et aussi ceux de chacun de ces gaz avec l’azote, 
Dans les diverses catégories de mélanges gazeux, enfin, nous con. 
statons la méme irrégularité dans les rapports entre l’hélium, d’un 
cdté, et, de l’autre, l’azote, l’argon, le krypton et le xénon * con- 
trastant manifestement avec la fixité des rapports mutuels de ces 
derniers éléments. 

Une telle ressemblance ne peut se comprendre que si tous ces 
azotes bruts ont une origine commune. 

Considérons, en effet, pour fixer les idées, l’azote brut des grisous 
et celui des gaz thermaux. Si ces deux azotes bruts avaient une 
origine différente, la similitude dans la composition qualitative 
pourrait, 4 la grande rigueur, se concevoir; mais comment s’expli- 
querait-on la constance des rapports mutuels entre l’azote, l’argon, 
le krypton et le xénon dans tous les mélanges? Il faut donc que 
l’origine des azotes bruts soit commune. 

2. Une conséquence de cette maniére de voir est que |’azote des 
gyisous ne peut provenir de la houille. S’il en était ainsi, en effet, 
la houille devrait étre la source de tous les azotes bruts, puisque les 
azotes bruts doivent avoir nécessairement tous la méme origine; 
et l’azote avec les gaz rares, dont il resterait & trouver la provenance, 
devrait donc passer des houilles grisouteuses dans les sources 
thermales. Or cela est inadmissible, attendu que les terrains 
houillers ne constituent qu’une minime fraction de I’écorce terrestre 
et qu’il y a des sources thermales dans toutes les contrées, houilléres 
ou non. L’azote du grisou n’est donc pas issu de la houille. C'est 
de l’azote minéral qui, sans aucun doute possible, vient d’ailleurs, 
ainsi que les gaz rares qui l’accompagnent. 

On prouverait par le méme raisonnement que |’azote des gaz de 


* Nous rappelons que les données quantitatives précises nous manquent 
en ce qui concerne le néon. Nous pouvons affirmer toutefois que dans tous 
les mélanges naturels il n’y en a jamais que de trés faibles proportions et 
que, de plus, elles sont généralement négligeables devant celles de l’hélium. 
Nous pouvons donc prévoir, pour le moins, que si les rapports du néon.avec 
Yargon (ou avec le krypton, le xénon ou l’azote) se montrent variables, ils 
ne peuvent I’étre qu’entre des limites beaucoup moins étendues que dans le 
cas de l’hélium. 
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pétrole a également une origine minérale et que, comme les gaz 
rares, il vient aussi d’ailleurs. 

On peut donc dire que chaque valeur des rapports mutuels entre 
l’azote, l’argon, le krypton et le xénon, sensiblement la méme dans 


es les B® tous les mélanges gazeux naturels, caractérise l’azote brut de ces 
7pton  mélanges et en est comme la marque de fabrique. Lair atmosphé- 
bles,  rique, rappelons-le, ne fait pas exception a la régle, puisque les 
sont ® divers rapports y présentent des valeurs voisines de celles qu’on 
mM et trouve dans les mélanges souterrains. Et l’analogie qui apparait, 
Zote, & ce point de vue, entre l’atmosphére externe et l’atmosphére 
con- § interne de la Terre, ne laisse pas que d’étre fort suggestive.* 

d’un 3. Cet azote brut, dont nous venons ainsi de prouver la com- 


munauté d’origine pour tous les mélanges gazeux naturels, d’ot 
provient-t-il ? 

Nous remonterons ici encore, comme nous l’avons fait lorsque 
nous nous sommes proposé d’expliquer la constance de nos rapports, 
jusqu’a la nébuleuse solaire. 

La masse gazeuse incandescente devait étre un mélange relative- 


une ment homogéne dans ses différentes parties. Le fragment con- 
tive stitutif de la Terre s’étant détaché, celle-ci comprend bientdét trois 
pii- régions concentriques: une masse en fusion, une écorce solide 


hétérogéne et l’atmosphére gazeuse. Au cours de 1|’évolution 
continue de la Planéte, tandis que les autres éléments contractaient 
des combinaisons mutuelles, les gaz rares, en vertu de leur inertie 
chimique, et aussi en grande partie, l’azote, élément relativement 
inerte, sont demeurés libres, et comme ils sont difficilement liqué- 
fiables, ils ont conservé |’état gazeux; et leurs rapports quantitatifs 
mutuels, dans l’atmosphére externe comme dans les mélanges 
gazeux souterrains qui furent emprisonnés ou occlus dans les roches 
de l’écorce au moment de sa solidification, ont di se maintenir peu 


ns différents de ce qu’ils étaient au début. 

re Bref, notre azote brut (azote + gaz rares) a gardé intact son cachet 
es d’origine depuis l’époque de la nébuleuse jusqu’a nos jours. 

st 4. L’azote brut occlus est susceptible d’étre dégagé par diverses 
8, causes, parmi lesquelles l’action des eaux profondes n’est sans 


doute pas la moins importante.{ Celui qui est emprisonné (dans des 


* Observons que l’azote brut de l’air atmosphérique s’écarte de la plupart 
des azctes bruts des mélanges souterrains par sa faible teneur en hélium (; z¢555). 

+t Hormis ce qui regarde ’hélium, dont nous savons qu’il y a production 
continue aux dépens des corps radioactifs dans l’écorce terrestre, et qui est 
plus ou moins abondant dans les mélanges souterrains, par rapport aux 
autres gaz inertes, suivant la nature des terrains traversés. 

t Armand Gautier a émis l’idée que la plus grande partie des gaz thermaux 
doit provenir du noyau terrestre incandescent (Revue Scientifique, 2 et 9 
novembre 1907). 
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poches plus on moins volumineuses) peut étre libéré sous l’influence 

des mouvements d’ensemble ou locaux de l’écorce: tremblements 

de terre, éruptions volcaniques, etc., amenant des ruptures et des 

dislocations. Quels que soient les mécanismes, l’azote brut, une 
fois mis en liberté, se répandra de proche en proche, & travers les 
fissures, entrainé par les eaux, par diffusion, etc., dans les différents 
milieux de l’écorce.* I] pénétrera, notamment, dans la houille, et 
ira se méler au méthane du grisou. I] rencontrera également les 
pétroles et, avec les hydrocarbures volatils de ces derniers, jj 
s’échappera dans l’atmosphére. 

On prévoit, ainsi, que tous les gaz issus du sein de la terre; gaz 
thermaux, grisous, gaz de pétroles, gaz volcaniques, etc., devront 
contenir une certaine proportion de cet azote brut, et c’est la une 
prévision que l’expérience vérifie complétement. 

5. L’azote brut des mélanges naturels, nous ne saurions trop le 
répéter, se reconnait pertout et toujours & sa marque de fabrique: 
Vinertie chimique de l’azote, de l’argon, du krypton et du xénon; et 
la propriété que possédent ces gaz d’étre difficilement liquéfiables, 
font que chacun de leurs rapports quantitatifs mutuels présente; 
dans les différents mélanges, une valeur toujours voisine de la 
valeur moyenne correspondante. Cette loi de constance ne peut 
étre altérée que par des processus physiques : occlusion, dissolution, 
diffusion, etc., c’est & dire entre des limites peu étendues. 

Nous avons observé, en fait, quelques écarts relativement notables 
dans les grisous. Cela n’a rien qui doive nous surprendre, puisque 
le charbon est une matiére susceptible d’absorber les différents gaz 
dans des proportions fort inégales et, par suite, de leur faire subir 
un véritable fractionnement.} Ailleurs, le fractionnement naturel 
peut étre opéré par diffusion, par dissolution, etc., et les effets 
produits varieront suivant les conditions de température et de 
pression, suivant la nature du solvant, etc. 

A la réflexion, on voit donc que ce serait la constance rigoureuse 
des rapports qui devrait nous surprendre. 

6. Nous venons, en ce qui concerne les légéres variations des 

* En pleine concordance avec cette maniére de voir, un soufflard d’azote nous 
fut signalé en février 1912 par M. Barrois & Lesquin, prés de Lille, & la pro- 
fondeur de 45 métres, dans le forage No. 1 de la Sociéte Thomson-Houston. 
Nous lui trouviémes la composition centésimale suivante; anhydride car- 
bonique, 0-97; oxygéne, néant; gaz combustibles, néant; azote, 97-75; 
gaz rares en bloc, 1-274; argon, 0-350; hélium, 0-924. Le débit était de 
18 métres cubes & Vheure, ce qui portait le débit quotidien d’hélium a 3970 
litres. Le soufflard était encore en activité en 1914; se trouvant dans la 
zone des opérations militaires, il a disparu dans le bouleversement des terrains. 
ft On se souvient que c’est précisément sur cette propriété que reposent 


nos méthodes de détermination qualitative et quantitative des différents gaz 
rares, 
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rapports mutuels entre l’azote, l’argon, le krypton et le xénon, de 
considérer les mélanges naturels dans leur ensemble. Un intérét 
particulier s’attache & la comparaison, au méme point de vue, des 
mélanges souterrains et de l’air atmosphérique. 

On sait que l’atmosphére externe de la Terre se raréfie & mesure 
que l’on s’éléve. La distribution de chaque gaz en hauteur obéit, 
théoriquement, & une loi exponentielle, laquelle, avec des coefficients 


différents, est de méme forme pour tous. Conformément a cette | 

il loi, la teneur de l’air en gaz légers croit avec l’altitude, tandis que 

les gaz lourds se concentrent dans les basses régions. D’un autre 
az coté, ainsi que la Mécanique permet de le démontrer, toutes les 
nt molécules qui, dans les couches extérieures de notre atmosphere, 
ne sont animées d’une vitesse d’au moins 11-2 kilométres par seconde 
et se dirigent vers l’espace, doivent échapper a l’attraction terrestre. 
le Or, les gaz les plus légers étant ceux dont la vitesse moyenne des 
i molécules est la plus élevée et dont la concentration dans ces régions 
“4 est en méme temps la plus forte, on voit que les molécules susceptibles 
;, de quitter l’atmosphére sont plus nombreuses pour ces gaz que 
ui pour les gaz plus lourds. Il se produit donc ainsi une distillation 
. continue et fractionnée de gaz des basses régions vers les hautes 
t régions, et de celles-ci vers les espaces célestes. On comprend 


qu’en vertu de ce mécanisme la teneur de l’air en gaz lourds doit 
croitre avec temps.* Si cette maniére de voir est exacte, le rapport 
zénon-argon, par exemple, doit étre plus grand dans l’air actuel 
quil ne l’était dans l’air initial. 

Or, d’aprés notre hypothése astrophysique, l’azote brut des 
mélanges gazeux sduterrains n’est autre que celui de l’air initial; il 
semble donc que les rapports dans l’air actuel devraient étre 
supérieurs & ceux de cet azote brut. Il n’en est rien, du moins en 
général; et l’on observe, au contraire, que les valeurs moyennes 
des rapports dans les gaz souterrains surpassent les valeurs des 
mémes rapports dans I’air. 

Nous estimons qu’on ne saurait voir 14 une infirmation de notre 
hypothése. La déduction qui précéde suppose, en effet, que la 
composition de l’azote brut initial n’a pu s’altérer d’aucune maniére 
au cours de l’évolution de la Planéte. Et cela est manifestement 
invraisemblable, étant données les causes physiques multiples de 
variabilité auxquelles est perpétuellement soumise la composition 
des mélanges gazeux naturels. 

En réalité le probléme est probablement trés complexe. D’im- 


* On peut ajouter que l’atmosphére ultime de la Terre, nécessairement 
trés raréfiée, devra étre constituée surtout par le gaz le plus lourd, qui est le 
xénon (nous faisons abstraction ici de l’6manation du radium ou niton, gaz 
qui est plus dense encore que Je xénon). 

3 u* 
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portantes données, qui nous font encore défaut, seraient indispep. 
sables pour une discussion fructueuse. I] conviendra, notamment, 
d’étudier l’azote brut des mélanges gazeux dissous dans les eaux 
(eaux superficielles, eaux de la mer, eaux thermales) et dans lg 
pétroles, ainsi que celui qui est occlus dans les diverses variétés de 
roches (roches primitives, roches sédimentaires, charbons, etc.). 

7. Les gaz rares autres que Vhélium au regard des corps radioactifs,— 
Les relations simples que nous venons de mettre en évidence entre 
les proportions de quelques éléments dans la Nature apportent 4 la 
Géophysique et a l’Astrophysique des données inattendues—car ici, 
comme il arrive généralement, l’expérience a précédé la théorie—et 
il est vraisemblable qu’elles pourront servir de base a des travaux 
ultérieurs d’ordre théorique ou expérimental. 

Par ailleurs, elles éclairent, d’une maniére aussi utile qu’imprévue, 
une question toute différente. Si une étroite parenté rattache 
Vhélium aux substances radioactives, on ne connait encore, d’une 
maniére positive, rien d’analogue relativement aux quatre autres 
gaz rares: néon, argon, krypton, xénon, présents, comme lui, dans 
Vatmosphére externe et dans l’atmosphére interne de la Terre. 
Comme je l’ai dit précédemment, la grande similitude de propriétés 
qui existe entre ces cing éléments porterait & supposer que le néon, 
Vargon, le krypton et le xénon sont, peut-étre, de méme que l’héliun, 
issus également des corps radioactifs, connus ou inconnus, qui 
seraient plus ou moins répandus dans les profondeurs de la Terre, 
et qui subiraient des métamorphoses du méme ordre que celles du 
radium ou du thorium engendrant de Vhélium. Cépendant, pour 


fixer les idées, envisageons l’argon et le kryptén. Il y a propor: . 


tionnalité entre ces deux gaz dans les mélanges gazeux naturels; et 
ce fait est difficile 4 concilier avec ’hypothése d’aprés laquelle ces 
gaz—ou seulement l’un d’eux—se produiraient actwellement par la 
désintégration d’autres atomes. Si l’argon et le krypton ont une 
telle origine, celle-ci doit sans doute remonter & une phase de 
’Evolution de la matiére antérieure 4 la formation de I’écorce 
terrestre. Quoiqu’il en soit, leur situation vis-a-vis des corps 
radioactifs apparait comme trés différente de celle de l’hélium. 


Applications Pratiques Des Gaz Rares. 


Nous savons que toute découverte scientifique, si exclusivement 
contemplatif que paraisse d’abord son intérét, ne peut manquer de 
conduire, tdt ou tard, 4 des applications pratiques. L’on peut 
dire, en ce qui concerne les gaz rares, que les plus grandes espérances 
sont permises. 

L’argon s’emploie dans les lampes 4 incandescence, et des essais 
d’éclairage au néon se sont montrés fort encourageants. 
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On se propose de gonfler les ballons 4 l’hélium, qui seront ainsi 
rendus ininflammables. Quels progrés en perspective pour |’Aéro- 
nautique! On prévoit aussi l’utilisation de l’hélium pour l’éclairage, 
soit qu’on l’introduise, comme |’argon, dans les lampes & incan- 
descence, soit, comme dans le cas du néon, qu’on illumine le gaz 
raréfié. L’emploi de l’hélium pour la réalisation de trés basses 
températures parait également appelé a un brillant avenir. En 
vue de ces applications et d’autres encore qui pourront étre 
envisagées, la fabrication industrielle de l’hélium est déja en voie 
de développement. Au moment de l’armistice (11 novembre 1918), 
grace aux efforts concertés de MM. Moore, Cottrell, Burrell, 
Manning, etc., on avait extrait des gaz naturels, aux Etats-Unis, en 
vue le l’aérostation militaire, 147,000 pieds cubes d’hélium. Au 
Canada, M. MacLennan avec le concours de MM. Satterly, 
Patterson, etc., a également installé une fabrication d’hélium. En 
France, on se préoccupe aussi de cet intéressant probléme. En 
Juin 1919, le Ministre de la Marine institua une “ Commission de 
’hélium,”’ chargée de rechercher les sources exploitables d’hélium 
pouvant exister en France et dans les Colonies, et c’est sous ses 
auspices que nous avons, M. Lepape et moi, étudié les gaz naturels 
d’Alsace. 


Messieurs, 

Je ne saurais clore cette conférence sans faire observer toute la 
variété des problémes qu’on est conduit & envisager quand on 
étudie la dissémination des gaz rares dans la Nature. La raison en 
est dans la situation toute privilégiée qu’occupent l’argon et ses 
congénéres vis-a-vis des autres éléments. Leur compléte inertie, 
qui les place, pour ainsi dire, en marge de la Chimie, leur permet 
de résister, en restant sains et saufs, 4 tous les cataclysmes de 
l’Astronomie et de la Géologie; elle leur assure une éternelle inviola- 
bilité. Grace, en outre, & la propriété dont ils jouissent d’étre 
difficilement liquéfiables, ils ont accés dans tous les fluides et dans 
toutes les atmosphéres, ot les cing membres de la famille voyagent 
librement et toujours de compagnie. Un autre gaz, relativement 
inerte, l’azote, les accompagne partout; il est leur diluant constant. 
C’est un role bien suggestif que celui de ’hélium dans les processus 
de Evolution de la Matiére, et quelle destinée exceptionnelle que 
celle de ces divers éléments dans les phénoménes de la Physique du 
Globe et de l’Evolution des Mondes ! 

Nombreuses et importantes sont les lacunes expérimentales qui 
apparaissent de tous cdtés quand on médite ces vastes questions. 
A les combler, nous invitons tous ceux qu’intéresse l’Histoire de la 
Terre. 

3u* 2 
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CCXIII.—The Molecular Configurations of Polynucleay 
Aromatic Compounds. Part IV. 6: 6'-Dichloro. 
diphenic Acid; its Synthesis and Resolution into 
Optically Active Components. 


By Grorcr Hatuarr Curistiz, CUTHBERT WILLIAM 
JAMES, and JAMES KENNER. 


In pursuing the inquiry into the nature of the configuration of 
diphenyl derivatives discussed in previous papers of this series 
(T., 1922, 121, 614; this vol., p. 779), it is of importance to ascertain 
to what extent their resolvability into optically active components 
is affected by variation of the nature of the substituents or their 
orientation. 

In connexion with the former of these questions, we have investi- 
gated 6: 6’-dichlorodiphenic acid (X), of which the synthesis is 
es ae by the following scheme : 
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The only difficulties encountered in this series of reactions arose 
from the mobility of the halogen atom in 2-iodo-m-toluidine (III) 
and in 2-iodo-m-aminobenzoic acid (VI). On this account, the 
preparation of the former from the corresponding nitro-compound 
must be carried out either by means of ferrous sulphate and am- 
monia (Wheeler and Liddle, Amer. Chem. J., 1909, 42, 441), or, if 
stannous chloride and hydrochloric acid be employed,. only at a 
low temperature (compare Burton and Kenner, T., 1922, 121, 675). 
Similarly, the hydrolysis of 2-iodo-3-acetylaminobenzoic acid (V) 
by means of hydrochloric acid must not be carried out above 100°, 
and even at this temperature iodine will be liberated if the reaction 
be too prolonged. Again, the amino-acid could not be prepared 
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by acid reduction of 2-iodo-3-nitrobenzoic acid owing to elimin- 
ation of the iodine. In regard to the question as to whether the 
mobility of the halogen is favoured by salt formation (Burton and 
Kenner, Joc. cit.) it may be noted that the iodotoluidine may be 
distilled in steam from alkaline solution without decomposition, 
and the hydrochloride of the amino-acid loses iodine at its melting 
point, whilst iodoacetylaminobenzoic acid (V) shows no tendency 
to decomposition under these conditions. This point is, however, 
one requiring further investigation. 

The resolution of 6 : 6’-dichlorodiphenic acid was accomplished 
by fractional crystallisation of its brucine salts. The free acids 
respectively liberated from the two salts furnished sodium salts, 
solutions of which exhibited specific rotations of -+- 21-43° and 
— 20-18°, respectively. 

These results confirm the correctness of the assumption that the 
cause of the stereoisomerism of the various nitrodiphenic acids 
previously investigated by two of us is not to be sought in any 
property peculiar to the nitro-group. It remains to be seen whether 
a racemic acid, isomeric with that now described, is obtainable 
from the corresponding dichlorophenanthraquinone. 


ExPERIMENTAL. 


2-lodo-3-acetylaminobenzoic Acid.—2-Iodo-m-toluidine was pre- 
pared in good yield by gradual addition of a solution of 2-iodo- 
3-nitrotoluene (20 grams) in glacial acetic acid (134 grams) to a 
solution of stannous chloride (160 grams) in concentrated hydro- 
chloric acid (160 c.c.) below 25°. The double tin salt which had 
separated after twelve hours was worked up in the usual manner. 

A suspension of 2-iodoaceto-m-toluidide (10 grams) in boiling 
water (1200 c.c.), containing magnesium sulphate (9-3 grams), was 
oxidised by gradual addition of potassium permanganate (15-4 
grams). The 2-iodo-3-acetylaminobenzoic acid thus prepared formed 
colourless needles, m. p. 199°. It was hydrolysed by heating 
20 grams with concentrated hydrochloric acid (80 c.c.) at 100° 
until vapours of iodine appeared in the flask; on cooling, the 
hydrochloride of 2-iodo-3-aminobenzoic acid (7:5 grams), m. p. 262— 
263° (with evolution of iodine), separated (Found: N = 4-76, 
equivalent = 145. C,H,O,NI,HCl requires N = 4-68 per cent; 
equivalent = 149-5). 

3-Chloro-2-iodobenzoic Acid.—This compound, prepared from the 
above amino-acid in the usual manner, separates from water in 
plates, m. p. 137—138° (Found : C = 29-49; H = 1-58. C,H,0,CII 
requires C = 29-78; H = 1-42 percent.). The methyl ester (Found : 
C= 32:91; H=2-00. C,H,O,CII requires C = 32-38; H = 2-03 
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per cent.) boils at 182°/28 mm., and the ethyl ester at 175° 
15 mm. 

6 : 6’-Dichlorodiphenic Acid.—The methyl ester of this acid was 
prepared by gradual addition of copper powder to an equal weight 
of methyl chloroiodobenzoate at 180°, and subsequent heating of 
the mixture at 230—240° for one hour. The ethyl ester is prepared 
in a similar manner. 

r-6 : 6’-Dichlorodiphenic acid, CyyH,Cl,(CO,H),, crystallises from 
alcohol in feathery clusters of needles, m. p. 288° (Found: C= 
54:04; H = 2-16. C,,H,0,Cl, requires C = 54:02; H = 2-57 per 
cent.). The methyl ester separates from benzene in almost rect- 
angular prisms, m. p. 156°, whilst the ethyl ester crystallises from 
alcohol in rhombic plates, m. p. 103—104° (Found: C = 58-88; 
H = 4-12. C,gH,,0,Cl, requires C = 58-81; H = 4-36 per cent.), 


Resolution of r-6 : 6’-Dichlorodiphenic Acid. 


By repeated fractional crystallisation of the mixture of salts 
prepared from 2 grams of the racemic acid and 6 grams of hydrated 
brucine, 2-3 grams of the pure, less soluble salt, and 1-35 grams of 
the pure, more soluble salt were separated with moderate ease. 

Brucine 1-6 : 6’-dichlorodiphenate, C,4H,0,Cl,,2C,,H,,0,N>,3H,0, 
consists of rectangular prisms, m. p. 235°, and is the less soluble of 
the two salts thus obtained. For a 1-23 per cent. solution in chloro- 
form, [«]> + 197° (Found: H,O = 4-66. CggH690,,N,Cl,,3H,0 
requires H,O = 4-68 per cent. Found: for the anhydrous material 
dried at 120°, N = 5-18. CogHgg0,.N,Cl, requires N = 5-09 per cent.). 

Brucine d-6 : 6’-dichlorodiphenate, C,4H,gO0,Cl,,2C,,H,,0,N>,13H,0, 
forms rectangular plates, m. p. 163° (decomp.). For a 1-16 per 
cent. solution in chloroform, [«] — 58-62° (Found: H,0= 
2°43. CopH gg0,.N,Cl,,14H,O requires H,O = 2-40 per cent. Found : 
for the anhydrous material dried at 120°, N = 5-17. CggpHgg0,.N,Cl, 
requires N = 5-09 per cent.). 

d-6 : 6’-Dichlorodiphenic acid, CyyH_Cl,(CO,H),, from the brucine 
salt, forms rectangular plates, m. p. 259°. For a 0-69 per cent. 
solution of the sodium salt, [«] — 20-18°. The acid recovered 
from this solution furnished a dextrorotatory solution in ether, 
which, however, was too dilute for anything more than qualitative 
observation. 

1-6 : 6’-Dichlorodiphenic acid, C,pH,Cl,(CO,H),, rectangular plates, 
m. p. 259°, furnished a sodium salt for which [a}* + 21-43° in 
a 1-01 per cent. aqueous solution. 


One of us (G.H.C.) expresses grateful acknowledgment of a grant 
from the Department of Scientific and Industrial Research which 
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CCXIV.—The Viscosity of some Cellulose Acetate 
Solutions. 


By Ernest WALTER JOHN MARDLES. 


TuE subject of the viscosity of colloidal solutions has received 
considerable attention, especially with the object of establishing 
a quantitative relation between viscosity and concentration.* 
In most cases, however, the concentrations of the sols were never 
high; for example, Baker (T., 1913, 103, 1653), with cellulose 
nitrate solutions, seldom used concentrations above 4 per cent. 
The characteristic rapid rise of viscosity with increase of con- 
centration is such that the higher-concentration sols are very 
viscous and intractable, and the capillary type of viscometer cannot 
readily be used. With the falling-sphere viscometer (Gibson and 
Jacobs, T., 1920, 117, 472), however, it was found possible to 
extend the viscosity measurements over a wide range of concen- 
tration. The exploration of the region of highly viscous sols, 
apart from the interest attaching to the relation between viscosity 
and concentration or temperature, is of importance with regard to 
the stability of the higher-concentration sols and the existence of 
a saturation concentration as with crystalloids. 

The cellulose acetate solutions, which were clear and exhibited 
only a faint Tyndall cone in the majority of cases, were kept for 
some days before the viscosity was determined, there being viscosity 
changes with time for a short period after dissolution (compare 
Masson and McCall, T., 1920, 117, 819). 

The viscosity values recorded are those for the true sols in absence 
of any gelation, there having been little or no aggregation of the 
dispersed particles, and therefore the values are largely inde- 
pendent of time, thermal history, mechanical treatment, etc. 

* For reviews and bibliography of the subject, see ‘‘ Colloids and their 
Viscosity,’ a general discussion held by the Faraday Society (Trans. Faraday 
Soc., 1913, 9); “‘ General Review on the Viscosity of Colloids,’’ by E. Hatschek, 


First Report on Colloid Chemistry, 1917; ‘‘ Grundriss der Kolloidchemie,” 
Wo. Ostwald, 1919, p. 179 (English translation, 1918, p. 145). 
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Many of the sols were found to give identical results after ap 
interval of eight months, when examined under the same conditions, siaption 
indicating absence of the chemical changes which occur with § percent 
hydrosols of proteins, especially on warming. Relativ 
Incipient gelation of the sols can be detected by the increase of § Frac’ 

viscosity with time, and when equilibrium is attained the viscosity 
of the system is abnormal, being variable with rate of shear and mixed 
dependent on mechanical treatment and thermal history, factom § the °° 
which affect the structure of aggregated particles (compare The 
Mardles, 7'rans. Faraday Soc., 1923, 18, 327; de Jong, Rec. trav, § im ® ' 
chim., 1923, 42, 1). vacul 
Apart from gelation, the presence of coarser particles in the sols § the * 
causes variability of viscosity, so that different values are obtained § 4°™*! 
by using a variety of viscometers, Hatschek and Humphreys § (°0™ 
(Proc. Physical Soc., 1916, 28, 274) showed the dependence of § 24 ' 
viscosity on the rate of shear in suspensions of rice starch in Th 
mixtures of carbon tetrachloride and toluene of the same density, § Pe" 
With the cellulose acetate sols, the variation in viscosity as § t 
measured by the use of different viscometers and by the deviation | °@P* 
from Stokes’s law for falling spheres, amounted to within 2 per T 
cent. for sols with a viscosity less than 5 (C.G.S. units), and to ee 
stan 


5 per cent. for sols of viscosity up to 10, whilst with the very 
viscous solutions the variation sometimes reached 15 per cent, 
the coarser particles having accumulated. 


I 

EXPERIMENTAL, hex 

The cellulose acetate employed was obtained from the Société 

Chimique des Usines du Rhéne. It charred at 208° and contained thr 
0-23 per cent. of ash and 6-5 per cent. of water. The acetyl con- 
tent, 39-6 per cent., corresponded with that of the average cellulose 
acetate represented by the formula C,,.H,,0;(0-CO-CH;), (com- 
pare Fenton and Berry, Proc. Camb. Phil. Soc., 1920, 20, i, 16). 

The material, as in the case of the parent substance cellulose, gi 


is not a chemical individual, but a complex mixture or solid solution 
of various acetates of similar chemical character but differing widely 
in viscosity. 

In Table I are given the relative viscosity values of various 
fractions of cellulose acetate obtained by the repeated fractional 
precipitation of the original material from acetone solution by 
means of water. A portion of the material which remained in 
fine suspension in the aqueous acetone was not recovered. 

It is possible that the fractionation of the cellulose acetate was 
accompanied by some degradation; when two fractions were 
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TABLE I. 


. FrACtion ...cccccccesecs a b c d e f g h 
With BF percentage (wt.) ...... ae ee 
Relative viscosity ... 300 107 100 80 50 34 25 3:8 


Fraction a gave the highest content of ash. 


mixed, the viscosity of the mixture was not the mean of those of 


ctors | the constituents. 
pare The cellulose acetate was dehydrated before use, by heating it 
trav, § in a steam-oven for four to five hours and then keeping it in a 


vacuum desiccator until its weight was constant. The density of 


sols § the material in film form, after drying, was 1-317 at 25°. The 
ined § densities of the solutions were determined to four places of decimals 
reys J (corrected for air buoyancy) in the case of the lesser concentrated, 
. of | and to three places for the higher concentrations. 

in The solutions were prepared by allowing the colloid and dis- 
ity, | persion medium to stand in a warm place with occasional shaking. 
as § In the case of the more concentrated solutions, several months 
ion § elapsed before dissolution was complete. 

Der The lower-concentration sols were examined by means of a 
to § chain of viscometers of the Ostwald type, water being used as the 
Ty standard. The fall of the steel spheres, sizes ;,”’, #,”, and }”, 
t, and of the specially prepared aluminium spheres in the case of 


the more viscous sols, was followed by means of a travelling micro- 
scope. 

In Table II are given the results obtained at 25° with cyclo- 
hexanone, b. p. 155-5°, d? 0-9423, and acetone, b. p. 565°, df 
07847 (dehydrated with calcium oxide and fractionally distilled 
through a Young and Thomas six-unit still-head) as solvents, 


= ob. 


TasBLeE II. 


cycloHexanone. Acetone. 


Conc. Viscosity Cone. Viscosity Conc. Viscosity 
grams per (C.G.S. ~- grams per (C.G.S. grams per (C.4.8. 
100 c.c. units). 100 c.c, units). 100 c.c, units), 

0 2-4 x 10° 9-95 52 0 3-2 x 10° 

0-138 29x10? 14-88 3-6 x 10? 1-302 1-58 x 10° 

0-524 48x 10% 20-64 25-6 x 10? 2-78 7 x 10° 

0-917 78x 107% 26-6 1-6 x 104 4-8 35-1 x 107 

1-53 149 x 10% 34-3 12 x 104 6-36 83 x 10° 

2-23 33-1 x 10% 44 1x 16 9-48 4-85 

2-8 55 x10? 61 2 x 10°* 14-48 35-3 

4-04 1-66 19-07 1-48 x 10? 

4-55 2-31 30 3-5 x 108 

6-66 10-4 36-5 1-6 x 104 


relation, since 


* Values extrapolated from the viscosity—temperature 
gelation occurred at 25°. 
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Although commercial ethyl formate was found to be a solvent, 
the carefully purified ester gave turbid solutions. 

Triacetin, d*® 1-165; residue on ignition 0-007 per cent. The 
material, mixed with twice its volume of benzene, remained clear 
on cooling to 0°, indicating absence of quantities of water and 
glycerol exceeding 0-25 per cent. 

The results obtained with this solvent are given in Table IIT. 


Tasie III. 
Viscosity. 
20°. 25°. 30°. 
0-245 0-183 0-134 
1-02 0-75 0-54 
6-14 4:05 2-6 1-8 
58 36:5 22-4 14-9 
225 _ 74 49-3 
672 — 236 141 
50-1 x 108 25-9 x 108 14 x 108 7-55 x 108 
2-39 x 10° at 40-2°; 1:05 x 108 at 50°; 310 at 66°. 


Benzyl alcohol. The material was free from visible and odorous 
impurities; d** 1-043; chlorine content less than 0-01 per cent.; 
95 per cent. distilled between 205° and 206°/760 mm. 

The higher-concentration benzyl alcohol sols gelate at 25°, but 
it is possible to assign a value to the ungelated sol by extrapolation 
from the viscosity-temperature curve and also from the relation 
between the viscosity and the time of transition from sol to gel. 

The results obtained at 25° with this solvent are given in Table IV. 


TABLE IV. 


nec. Viscosity. ; Viscosity. 
5 8-3 x 10° 

13. x 10° 

37 x 10° 

2 


iscosity. 


Co 
0- 
1 
2 
4 


Substance, (CypH30,Cl,)2, possibly cellulose chloroacetate, in 
acetone at 25°. The results are given in Table V. 


TABLE V. 


Conc. Viscosity. Conc. Viscosity. 
12 9-2 x 10° 77°5 
16 1-71 x 1071 86-3 
24 3:7 x 107 111 
40 1-51 224 * 
56 4-2 


* Prepared by allowing the previous sol to evaporate in a desiccator, care 
being taken to keep the sol homogeneous. 


;" 
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Viscosity-Temperature Relations. 
The values are given in terms of the viscosity of the sol at 25°, 
taken as unity. 


TaBLeE VI. 


Relative viscosity of cellulose acetate in benzy] alcohol solution. 


. Temper- Concentration. 
ture. a 
0. i. 5. 10. 30. 35 
20° 1-18 1-25 1-43 — — — 
30 0-86 0-82 0-76 0-65 0-45 0-39 
35 0-75 0-69 0-58 0-46 0-25 0-18 
40 0-64 0-59 0-49 0-35 0-12 0-06 
{ 50 — 0-44 0-3 0-17 — 0-02 
TaB.e VII. 
(C,,H,30,Cl,)z in nitrobenzene. 
, Concentration 5/100. Concentration 50/100. 
Temp. Viscosity. Relative 7. Temp. Viscosity. Relative 7. 
ous 35° 0-0965 0-829 40° 5-628 0-6 
32 0-1017 0-874 34 6-717 0-714 
it; 30 0-1058 0-909 26 9-065 0-964 
25 0-1163 1 25 9-4 1 
20 0-1289 1-108 22-5 10-28 1-093 
ut 19 0-1325 1-14 19 11-77 1-252 
on 18 0-1359 1-169 17 12-8 1-363 
on 
TaBLe VIII. 
V. Solvent; acetone. 
Cellulose nitrate (nitrogen 
content 11-5%). Cone. 10/100. (C,.H,,0,Cl;)2. Cone. 10/100. 
Temp. Viscosity. Relative 7. Viscosity. Relative 7. 
30° 7-47 0-85 0-065 0-95 
28 7:97 0-911 0-066 0-97 
25 8-75 1 0-068 1 
22 9-56 1-092 0-071 1-04 
20 10-21 1-7 0-073 1-07 
16 11-48 1-311 0-078 1-14 
" 14 12-14 1-39 0-081 1-18 
12 12-87 1-47 0-085 1-25 
10 13-62 1-56 0-098 1-43 


0-107 


1-56 


Discussion. 


There does not appear to be any simple relation between the 
viscosity and the concentration of the solutions examined. The 
relations between the logarithm of the viscosity and the con- 
centration, and between log y/o, where 7 is the viscosity of the sol 
and 7 that of the dispersion medium, and the logarithm of 
the concentration, are represented by smooth curves, and the 
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curvilinear character will remain if the concentrations be expressed 
as percentage by volume or by weight of the total system. Similarly 


there does not appear to be any simple relation between fluidity § Th 
and concentration. The various empirical and rational formulz § as be 
connecting viscosity and concentration established with a certain § sols 
measure of success in the case of various hydrosols over a limited § stirti 
range of concentration, are not applicable to the results obtained § with 
with cellulose acetate. also 
The empirical formula proposed by Baker (loc. cit.) for cellulose § triac 
nitrate solutions, namely, »/y9 = (1 + ac)*, although applicable to 1 
cellulose acetate solutions of concentrations below 10 per cent. § conc 
(compare Visser, ‘‘ Aeronautical Research Committee Reports and § conc 
Memoranda,” No. 758, 1920), fails over wider ranges. trar 
The possibility of establishing a generally valid formula con. if 
necting the viscosity and the concentration of colloidal solutions § con 
seems remote, since there are so many contributing factors. The § “G 
relative specific characters of the colloid, and medium, have a § cur 
profound influence on the viscosity values. The degree of dis. § con 
persion and accordingly the degree of solvation of the dispersed 
particle are complex functions of the concentration, whilst the ] 
influence of the degree of dispersion on viscosity is not well known. § the 
Further, most naturally-occurring colloids are heterogeneous and Di 


the size of the dispersed particle is not uniform. 

An examination of the viscosity-temperature data indicates 
that, in general, the temperature coefficient increases rapidly with 
fall in temperature or rise in concentration, to an extent depending 
on the specific character of the ester. In some cases there is a . 
bend in the viscosity-temperature curve, such as in the case of 
hydrosols of gelatin (compare Davies and Oakes, J. Amer. Chem. 
Soc., 1922, 44, 46). 

There is a definite upper limit to the ratio of solute to solvent 
in ordinary solutions, namely, the saturation concentration, but 
colloidal solutions,. other than the suspensoids, are generally re- 
garded as mixtures of mutually soluble components, or complex 
concentration-variable systems (Wo. Ostwald, ‘‘ Grundriss der 
Kolloidchemie,” 1919, pp. 39, 168), thus, gelatin or silicic acid 
with water, and cellulose acetate with benzyl alcohol, will, with 
proper regulation of temperature, take up progressively greater 
or smaller amounts of dispersion medium without separating out 
in a coarsely disperse form. 

On the other hand, the fact that many of the sols gelate at high 
concentration or at low temperatures indicates that the limit of 
stability of the sol, corresponding to a saturation concentration, 
has been passed. In many cases, by rapid cooling and stirring, 
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the cellulose acetate was precipitated from solution as an opalescent 
mass instead of the jelly formation having occurred. 

Thus we may regard a sol which is stable with no signs of gelation 
as being below the saturation limit. By cooling the cyclohexanone 
sols to — 10°, and the benzyl alcohol sols to about 15°, with 
stirring, the cellulose acetate was precipitated from solution, whilst 
with the higher-concentration sols gelation occurred. There was 
also evidence of incipient gelation, after several months, with the 
triacetin sol of concentration 20/100. 

The fluid character of the acetone sols at 25° persisted until the 
concentration reached at least 36°5/100, but by allowing the sol to 
concentrate by spontaneous evaporation there was eventually a 
transition to the gel state. 

If it be admitted that gelation is a consequence of the saturation 
concentration having been exceeded (compare von Weimarn, 
“Grundziige der Dispersoid Chemie,’ Dresden, 1911), then the 
curve connecting gelation temperature or “setting” point with 
concentration is analogous to the solubility curve of a crystalloid. 


For permission to include results obtained during researches at 
the Royal Aircraft Establishment, acknowledgment is made to the 
Director of Research, Air Ministry. 

BIRKBECK COLLEGE, LONDON. 


RoyALt AIRCRAFT ESTABLISHMENT, 
FARNBOROUGH, [Received, March 14th, 1923.] 


CCXV.—Mercapians of the Purine Growp. Part I. 


By Sm Prarutta CHANDRA RAy, GopAL CHANDRA CHAKRAVARTI, 
and PraruttaA Kumir Bose. 


THE action of potassium hydrosulphide on 2: 6-dichloro-8- 
hydroxypurine has been investigated with a view to the synthesis 
and study of the corresponding possible mercaptans. It was, 
however, found that potassium hydrosulphide in boiling alcoholic 
solution did not react with the dichloropurine in the way expected, 
the hydrosulphide being simply decomposed with the separation 
of the potassium salt of the oxypurine, whilst in aqueous solution 
at 100° the interaction led to a mixture of various products from 
which the mercaptan could not be isolated in a pure condition. 
At a higher temperature, however, and under pressure, both the 
chlorine atoms were replaced by thiol groups and 2 : 6-dithiol-8- 
hydroxypurine (1) was obtained. 
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‘SH N= ‘SH N= —C-SH 
a C-NH te “NMe HS:-C oa 
i us N7C OH tt _H. NMe >co ee 700 
(I.) (II.) he 


The action of potassium hydrosulphide on several chloropurines 
has been studied by Fischer and his co-workers (Ber., 1899, 34, 
431), who have shown that in the cases of trichloropurine and 
2 : 6-dichloro-7-methylpurine, the reaction proceeds very smoothly 
even in the cold. The difficulty observed in our case in replacing 
the chlorine atoms by thiol groups was supposed to be due to the 
presence of the acidic hydroxyl group in position 8. Accordingly, 
2 : 6-dichloro-8-hydroxypurine was methylated to 2 : 6-dichloro. 
8-oxy-7 : 9-dimethylpurine (Fischer, Ber., 1898, 30, 2208), whereby 
the substance completely lost its acidic nature. On treatment 
with hot alcoholic potassium hydrosulphide, one of the chlorine 
atoms of the dimethyl derivative was replaced by a thiol group, 
thus showing that the chlorine atom is rendered more labile by the 
suppression of the acid character of the oxypurine. The thiol- 
purine has probably the constitution (II), as Fischer (Ber., 1898, 
30, 2226; 1899, 31, 104, 431, etc.) has shown that the chlorine atom 
in position 6 is more reactive than that at 2. The extreme reactivity 
of substituents in position 6 is further corroborated by the fact that 
the methyl ether of the above-mentioned thiolpurine, when boiled 
with potassium hydrosulphide in alcohol, is hydrolysed to the 
parent mercaptan instead of yielding the 2-thiol derivative as 
expected. 

2 : 6-Dithiol-8-oxy-7 : 9-dimethylpurine (III) has been obtained 
from both 2 : 6-dichloro-8-oxy-7 : 9-dimethylpurine and 2-chloro- 
6-thiol-8-oxy-7 : 9-dimethylpurine by heating with aqueous potassium 
hydrosulphide under pressure at 130°. These mercaptans possess 
a strongly acid character and form beautifully crystalline potassium 
and sodium salts. The hydrogen atoms of the thiol groups are 
readily replaced by alkyl groups, producing alkyl ethers. 2-Chloro- 
6-thiol-8-oxy-7 : 9-dimethylpurine gives with mercuric chloride a 
chloromercaptide which crystallises with four molecules of ethyl 
alcohol; the chloromercaptide also combines with one molecule of 
mercuric chloride, as might well have been expected from the basic 
property due to the presence of several tertiary nitrogen atoms. 
2-Chloro-6-thiol-8-oxy-7 : 9-dimethylpurine reacts with pheny]- 
hydrazine, the chlorine atom being replaced by the phenylhydrazino- 
group. 

It is known that tautomerism of the type C(OH):N — CO-NH 
is exhibited by many hydroxypurines, but a similar tautomeric 
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behaviour in the case of thiolpurines has not been noticed by any 
investigator. The dithiolpurines described above were expected 
to give the corresponding dipotassium salts, but they actually 
yield the monopotassium ones. It seems, therefore, very likely 
that one of the thiol groups is in the keto-form, the other being 
reactive as usual. Thus, 


urines 

), 31, N=C-SK HN—O:s 

> and 8:0 (-NMe or KSC CsNMe 
othly Hy—tawme O° a 


The fact that titration with iodine indicates the presence of two 
thiol groups in the molecule might militate against the existence 
of the thiolpurines in the ketonic form, but instances of the enolising 
action of halogens are not rare (compare Dawson and Powis, T., 
1909, 95, 1860; 1910, 97, 2048; 1912, 101, 1503; Lapworth, T., 
1904, 85, 30, etc.). It is thus evident that keto-enol tautomerism 


“a of the type indicated above may occur in the thiolpurines, differing 
‘the § ftom that of the corresponding hydroxypurines in degree, but not 
hic). @ in kind. 

898, EXPERIMENTAL. 


2:6- Dithiol - 8 - hydroxypurine (1).—2 : 6 - Dichloro - 8 - hydroxy- 
purine (1 mol.), dissolved in a minimum of a dilute solution of caustic 
potash, was treated with a 10 per cent. aqueous solution of caustic 


‘led | potash (6—7 mols.) which had been saturated with hydrogen sulphide 
the § inthe cold, and the mixture was heated at 140—150° for three hours. 
as § The precipitate obtained on acidifying the cold, filtered solution 


was washed with water and dissolved in the least quantity of a hot 
saturated solution of sodium carbonate. The solution, decolorised 
by animal charcoal, was filtered hot and, on cooling, the sodium 
salt crystallised in fine, colourless needles (Found: Na = 9°77. 
C;H,ON,S,Na requires Na = 10°36 per cent.). 

On acidifying an aqueous solution of the sodium salt, the free 
mercaptan was precipitated in very small, yellow nodules [Found : 
§= 31:19; N = 27°78; SH (by titration with iodine) = 32°30. 
C;H,ON,S, requires S = 32:0; N= 2800; SH = 33°00 per 
cent. |. 

The mother-liquor from the above sodium salt, on being treated 
with dilute hydrochloric acid, gave a small quantity of a precipitate, 
which was filtered off. The filtrate, when acidified with concen- 
trated hydrochloric acid, deposited a substance in not very well- 
defined crystals (needle-shaped), insoluble in ordinary solvents but 
slightly soluble in boiling water, from which it separated as a 
flocculent precipitate. It was dissolved in sodium carbonate 
solution and reprecipitated by adding a large excess of concentrated 
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hydrochloric acid, a crystalline product being obtained (Found: 
N = 26°62; Cl = 19°70, 17°79; S = 29°99, 31°14 per cent.). The 
percentage of nitrogen shows that the ring evidently remains intact, 
but the high percentage of chlorine indicates that the substance ig 
a mixture of 2: 6-dithiol-8-hydroxypurine and 2-chloro-6-thiol. 
8-hydroxypurine. 

The dimethyl ether of 2:6-dithiol-8-hydroxypurine was 
prepared by heating under reflux on the water-bath an aqueous 
solution of the sodium salt with an excess of methyl iodide. The 
precipitated ether was collected and washed with water. It 
separates from acetone in minute crystals melting with decomposition 
at 285—288° (Found: N = 25°08. C,H,ON,S, requires N = 24:56 
per cent.). 

2-Chloro-6-thiol-8-oxy-7 : 9-dimethylpurine (II)—To 5 grams of 
potassium hydroxide in 100 c.c. of alcohol saturated with hydrogen 
sulphide in the cold were added 10 grams of finely divided 2:6. 
dichloro-8-oxy-7 : 9-dimethylpurine suspended in about 100 c.. 
of alcohol. The mixture was boiled under reflux for nearly fifteen 
minutes, when a white, crystalline precipitate consisting of a mixture 
of potassium chloride and the potassium salt of the mercaptan 
separated out. The precipitate was removed and dissolved in 
water and the filtered solution treated with dilute hydrochloric 
acid in excess. The precipitated mercaptan was washed with hot 
water, dried, and then twice heated under reflux with carbon 
disulphide to dissolve any adhering traces of sulphur. It was 
finally purified by crystallisation from glacial acetic acid, in which 
it was only slightly soluble. It was also very sparingly soluble in 
ethyl or amyl alcohol, from which it separated in brownish-yellow, 
rhombic crystals (Found: S = 13°85; Cl = 16°36; N = 24:26. 
C,H,ON,CIS requires S = 13°88; Cl= 15°40; N = 24:29 per 
cent.). It is a strong monobasic acid and readily dissolves in dilute 
aqueous solutions of alkalis, alkali carbonates, and bicarbonates. 
It is odourless, bitter to the taste, and does not give the murexide 
reaction. When heated, it decomposes without melting. The 
potassiwm salt was obtained in colourless needles by cooling a hot 
filtered solution of the mercaptan in dilute alcoholic potash (Found : 
K = 14°53. C,H,ON,CISK requires K = 14°53 per cent.). The 
ammonium salt, prepared by dissolving the mercaptan in boiling 
alcoholic ammonia and diluting the filtered solution with ether, 
formed fine, silky crystals. 

Interaction of 2-Chloro-6-thiol-8-oxy-7 : 9-dimethylpurine and 
Mercuric Chloride.—To the hot filtered solution of the mercaptan 
in amyl] alcohol was added, with constant stirring, an excess of an 
alcoholic solution of mercuric chloride. The white, curdy precipitate 
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gag removed when cool, and extracted with hot amyl alcohol, the 
chloromercaptide remaining as a white residue (A); the other 
ct of the reaction (vide supra) crystallised from the hot filtrate 
incolourless needles (B). This was recrystallised from amy] alcohol, 
yashed with absolute alcohol, and dried in a vacuum desiccator. 
The above experiment was repeated using an ethyl-alcoholic solution 
of the mercaptan. The precipitate (C) was collected, washed 
with absolute alcohol, and dried [Found: (A) C = 25°70; * 
H=3°06; Hg = 30°40; Cl = 10°47. (C) Hg = 30°83. 
(,H,ON,CI,SHg,4C,H OH requires C= 27°73; H= 4°62; 
Hg = 30°80; Cl= 10°90 per cent. Found: (B) Hg = 53:00. 
(,H,ON,Cl,SHg, requires Hg = 54°34 percent.]. It is thus evident 
that compounds (A) and (C) are identical and are pure chloromer- 
eptides. The compound (B) is not formed when ethyl alcohol 
is used instead of amy] alcohol. 
Disulphide.—2-Chloro-6-thiol-8-oxy-7 : 9-dimethylpurine was dis- 


7 “. @ solved in aqueous potash and treated with a solution of iodine in 
€en F iotassium iodide until the brown colour of iodine persisted. The 
wei precipitate was collected and dried. The disulphide was obtained 
~ fom hot toluene as colourless needles melting at 259° (Found : 
" “ §=13°77; Cl= 15°92. ©,,H,,0,N,CI,S, requires S = 13-96; 
© 8 Cl= 15-46 per cent.). 
bet Methyl Ether of 2-Chloro-6-thiol-8-oxy-7 : 9-dimethylpurine—An 
bon aqueous solution of the potassium salt of the mercaptan was heated 
oat uder reflux on the water-bath with excess of methyl iodide for 
~ [fifteen to twenty minutes. The methylthiol, which separated in 
© 10 Ff wedles, was crystallised from absolute alcohol, in which it is very 
on wluble, and melted at 179° (Found: N = 23:49. ©,H,ON,CIS 
* B requires N = 22-90 per cent.). 
“4 The corresponding ethyl ether crystallises from 60 per cent. methyl 
“ alcohol in colourless needles melting at 133°. The n-propyl ether 
: de is soluble in hot absolute alcohol and melts at 120° (Found: 
“et §= 12°09. C, )H,,0N,CIS requires S = 11°74 per cent.). 
-" Interaction of  2-Chloro-6-thiol-8-oxy-7 : 9-dimethylpurine and 


Phenylhydrazine.—A solution of about 2 grams of phenylhydrazine 


“ hydrochloride and an equal quantity of sodium acetate in about 
“ 5 c.c. of water was heated on the water-bath with about 0°3 gram 


of the finely divided mercaptan for seven to eight hours with frequent 
stirring. The condensation product, which separated in needles, 
was washed successively with hot water, alcohol, and chloroform, 
and dried in a steam-oven. It was found to be insoluble in all 


* The percentages of carbon and hydrogen come out slightly low owing to 
traces of aleohol escaping oxidation, as it is often found to be the case when 
compounds containing alcohol of crystallisation are analysed. 
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the ordinary organic solvents (Found: N = 28°16. C,3H,,0N,§ 
requires N = 29°37 per cent.). 

2 : 6-Dithiol-8-oxy-7 : 9-dimethylpurine (III).—About 50 c.c. of an 
aqueous solution of potassium hydroxide (2N approx.) wep 
saturated with hydrogen sulphide in the cold, 1 gram of 2:6. 
dichloro-8-oxy-7 : 9-dimethylpurine was added, and the mixtuy 
heated in a bomb furnace at 130—140° for three hours. The 
reaction product, a liquid, was filtered from any impurities and 
acidified with dilute hydrochloric acid, when a yellow precipitate 
was obtained. It was crystallised from glacial acetic acid 
(Found : S = 27:98. C,H,ON,S, requires S = 28°07 per cent.). The 
purine is a yellow, crystalline substance, melting with decom. 
position above 300°. It is a stronger acid than the monothiolpurine 
described above, but resembles it in not giving the murexide reaction. 
This dithiolpurine has also been obtained from 2-chloro-6-thiol. 
8-oxy-7 : 9-dimethylpurine in exactly the same way. 

The potassium salt is best prepared by adding a cold, concentrated 
aqueous solution of potassium hydrosulphide to the finely divided 
mercaptan with vigorous shaking. The silky needles of the potassium 
salt are washed with absolute alcohol and dried in a vacuum desiccator, 
It reacts quantitatively with iodine (Found : K = 14°76; SH = 24:39, 
C,H,ON,S,K requires K = 14°66; SH = 24°81 per cent.). 

The dimethyl ether crystallises from carbon disulphide in colourless 
prisms melting at 172—173° (Found: N = 21:28. (C,H,,0N,8, 
requires N = 21°87 per cent.). The diethyl ether separates from 
dilute alcohol in colourless needles melting at 104° (Found: 
N= 19°99. C,,H,,ON,S, requires N= 19°72 per cent.). The 
dibenzyl ether crystallises from a mixture of benzene and ether in 
rhombic prisms melting at 158° (Found: N = 14:06. C,,H, 0N,8, 
requires N = 13°72 per cent.). These ethers were prepared in the 
same way as the other purine ethers described above. 
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CCXVI.—The Isomeric 1-Menthyl Phenylchloroacetates. 
By Avex. McKenziz and Isopet AGNEs SMITH. 


THE contrast between phosphorus pentachloride and thiony] chloride 
in their behaviour towards esters of optically active hydroxy-acids 
was first observed with ethyl /-atrolactinate : 


OH peCl 
ws > d “OH >C<Co, nt 


C,H OH 
I. Ge >C<Co, Et 


ole OH ce Cl 
®rsoay~ 1 bP >C< Co Ry 
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(McKenzie and Clough, T., 1910, 97, 2564). Again, when the 
hydroxy-group in ethyl /-mandelate was displaced by chlorine, a 
change of sign of rotation occurred when phosphorus pentachloride 
was employed as the chlorinating agent, a dextro-ethyl phenyl- 
chloroacetate being formed : 


1. CgH,*CH(OH)-CO,Et 7". d. C,H,*CHCI-CO,Et 


(Walden, Ber., 1895, 28, 1287). When thionyl chloride was used 
in place of phosphorus pentachloride, the resulting chloro-ester was 
levo- : 

1. CgH,*CH(OH)-CO,Et © 8°°% 7. C,H,*CHCI-CO,Et 


(McKenzie and Barrow, T., 1911, 99, 1910). 

The action of phosphorus pentachloride on ethyl /-mandelate 
was attended by considerable racemisation, the chloro-ester having 
[2] + 25°19°, whereas the ester resulting from the action of thionyl 
chloride possessed a rotatory power which was much higher, namely 
[a]p — 64°. 

One of the problems of the present investigation was to find if any 
difference would be exhibited by the two chlorinating agents when 
applied to J-menthyl /-mandelate (T., 1904, 85, 1249). Would the 
action of phosphorus pentachloride lead to a mixture of /-menthyl 
d-phenylchloroacetate and /-menthyl /-phenylchloroacetate with 
a preponderance of the former, and would the action of thionyl 
chloride give /-menthyl /-phenylchloroacetate exclusively? Also, 
with ‘J-menthyl d-mandelate, would the actions proceed in this 
manner : 


oy C,H,;°CHC1-CO,°C,,H,, (in excess) + 


NS, SY (/-) (/-) 
the | C,H,-CH(OH)-CO,*C,H,9 C,H,CHCI-CO,"Cy9H5 
(d-) (L) OS (d-) (/-) 
ON CgHyCHClCO,CyHyy  ? 


af (d-) (/-) 


Those questions provided us with an intricate topic in the study 
of displacement racemisation, more especially as the substitution 
of chlorine for the hydroxy-groups is effected under an asymmetric 
environment, namely, that of the /-menthyl group. 

The preparation of the isomeric chloro-esters in a state of optical 
purity was accordingly essential, and this was accomplished by 
resolving J-menthyl dl-phenylchloroacetate by crystallisation from 
rectified spirit, a method which we were led to adopt in the light 
of the success of Wren and his co-workers in the resolutions of 
r-tartaric, r-atrolactinic, and r-«-hydroxy-8-phenylpropionic acids 
by l-menthol or J-borneol (T., 1920, 117, 191; 1921, 119, 798). 
The temperature at which the crystallisation is effected apparently 
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has an influence: low temperatures seem to favour the separation 
of the partly racemic ester. Under suitable conditions of 
temperature, /-menthyl d-phenylchloroacetate was obtained, this 
ester melting at 56—57° and having [«]p + 5°6° (¢ = 41732) in 
ethyl-alcoholic solution. J-Menthy] /-phenylchloroacetate was als 
isolated ; it melts at 44-5—45:5°, and has [«]p — 149°8° (¢ = 39912) 
in ethyl-alcoholic solution. Those esters may also be prepared from 
the corresponding d- and /-chloro-acids which were obtained by 
resolving r-phenylchloroacetic acid by morphine (McKenzie and 
Clough, T., 1908, 93, 811; 1909, 95, 777). l-Menthyl dl-phenyl. 
chloroacetate thus behaved differently from the closely-related 
l-menthyl r-mandelate, which one of us failed to resolve by 
repeated crystallisation * (T., 1904, 85, 378), and is a partly racemic 
compound and non-resolvable at any temperature above — 15° 
(compare Findlay and Hickmans, T., 1907, 91, 905; 1909, 95, 
1386). 

In view of an interesting paper (Shimomura and Cohen, T., 1921, 
119, 1816) which will be discussed later, the hydrolysis of the 
l-menthyl esters of the phenylchloroacetic acids has also been 
investigated. Previous work (compare, inter alia, T., 1904, 85, 
378, 1249; 1905, 87, 1004; 1907, 91, 789, 1814; 1909, 95, 1105; 
1915, 107, 702; 1919, 115, 602; 1920, 117, 680) enabled the 
prediction to be made with confidence that racemisation would 
be detected when the esters of the active chloro-acids are hydro- 
lysed by alcoholic alkali, no matter how great is the care exercised 
or how mild the experimental conditions are. The esters in question 


have the phenyl group in direct attachment to the asymmetric - 


carbon atom, and they also have a migrational hydrogen atom in 
the «-position relatively to the —CO,°C,9H,, group, those being 
precisely the factors which, as is now known, render it inevitable 
that racemisation will occur on hydrolysis of the esters with alcoholic 
alkali. The racemisation observed on hydrolysing J-menthyl 
l-phenylchloroacetate with a slight excess of alcoholic alkali at 
the ordinary temperature was profound: the resulting acid gave 
the feeble levorotation of [«]) — 1°6° in ethyl-alcoholic solution, 
whereas /-phenylchloroacetic acid has the high rotatory power 
of [a], — 155°8° in the same solvent. This slight activity of 
[«])» — 1:6° is to be ascribed to the presence only of a trace of the 


* Shimomura and Cohen (T., 1921, 119, 1816) in their reference to those 
attempts state that partial resolution was not effected because the mandelic 
acid recovered by hydrolysis was quite inactive. The behaviour of the 
recrystallised ester on hydrolysis is, however, no criterion of its homogeneity, 
since unequal amounts of the diastereoisomeric /-menthyl mandelates can 
give r-mandelic acid on hydrolysis (T., 1904, 85, 1249). 
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Lehloro-acid, the main product consisting of the r-chloro-acid. But 

it should be noticed that the product did not consist of those 

phenylchloroacetic acids alone, as a small quantity of mandelic 

acid was unavoidably present owing to the action of water on the 

chloro-acid in the course of the manipulation. Since the displace- 

ment racemisation attending the conversion of J-phenylchloroacetic 

acid into /-mandelic acid is very pronounced (McKenzie and Clough, . 
loc. cit.), it is highly improbable that the slight optical activity 
noted is to be attributed to l/-mandelic acid. 

The nearest parallel to the above example of profound racemisation 
by alcoholic alkali is afforded by the hydrolysis of /-bornyl d-phenyl- 
ptolylacetate at the ordinary temperature (McKenzie and Widdows, 
T., 1915, 107, 702). 

The hydrolysis of /-menthyl d-phenylchloroacetate under experi- 
mental conditions identical, with those adopted in the case of its 
jsomeride led to a result which is novel. That a feebly active 
acid would result was not unexpected, but we anticipated that its 
rotation would be dextro-, and not levo- as we found it to be. 
In one experiment, for example, the small value of [«]) — 1°3° in 
ethyl-alcoholic solution was observed, and in another experiment 
the acid had [«], — 3°3° in benzene. As this slight optical activity 
is not to be attributed to a trace of menthol, the following inter- 
pretation is submitted. An examination of the fractional esteri- 
fication of r-phenylchloroacetic acid by J-menthol at 150° according 
to the method of Marckwald and McKenzie showed that the 
esterified acid was dextrorotatory. The velocity of formation of 
lmenthyl d-phenylchloroacetate (I) is accordingly less than that of 
Lmenthyl /-phenylchloroacetate (II). 

CoH; CoH; 
(L) H-O*-Cl (d-) Cl-C-H (J-) (IL) 
COz°CioH jg (/-) COg*C gH jy (/-) 

Since of two isomeric esters the one which is formed the more 
quickly will also be hydrolysed the more quickly, the deduction 
is legitimate that II will undergo hydrolysis faster than I. Starting 
with I in the presence of an excess of alcoholic potassium hydr- 
oxide at the ordinary temperature, catalytic racemisation comes 
speedily into play by interchange of groups round the asymmetric 
carbon atom C*, and I passes into a mixture of I and II. As the 
hydrolysis progresses, II is hydrolysed more quickly than I, giving 
a preponderance of potassium /-salt; the excess of I again passes 
into a mixture of I and II, and therefore the potassium JI-salt 
preponderates when the hydrolysis is ended. 

If this interpretation is valid, it ought to be possible to obtain 
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a slight preponderance of potassium /-salt when a mixture of equal 
quantities of I and II is hydrolysed by an eacess of alcoholic 
alkali. This expectation was experimentally realised. J-Menthy] 
dl-phenylchloroacetate was synthesised by mixing equal quantities 
of the pure diastereoisomerides. It melts at 28—29°, and has 
[«]p—72-2° (¢ = 3°9216) in ethyl-alcoholic solution. On hydrolysing 
this synthetic ester with an excess of alcoholic alkali, the resulting 
acid had a slight levorotation. 

Thus each of the three isomeric 1-menthyl phenylchloroacetates gives 
on hydrolysis a levorotatory acid after the complete removal of the 
menthol in each case. 


The action of thiony! chloride on the isomeric /-menthyl mandelates 
was also studied. Designating l-menthyl d-phenylchloroacetate as 
I, and /-menthyl /-phenylchloroacetate as II, the results were the 
following : 


C,H,°CH(OH)-CO,"C,5H,, “280% I (68 per cent.) + 
(d-) (I-) II (32 per cent.) * 


C,H;°CH(OH)-CO,"C,5H,, ©50% II (70 per cent.) + 
(Z-) (I-) I (30 per cent.), 


Displacement racemisation had therefore occurred at the mandelic 


complex, the /-menthyl group remaining intact throughout. The 
action of thionyl chloride does not, therefore, lead to the formation 
of a homogeneous /-menthyl phenylchloroacetate. The extent of 
the racemisation was nearly identical in each of the above cases, 
but not quite. The product from the complete action of thionyl 
chloride on /-menthyl r-mandelate should, therefore, contain a very 
slight preponderance of II. The experimental result accords, 
thus : 


CgH,°CH(OH)-CO,°CypH yy “75° I (49 per cent.) + 
(r-) (-) II (51 per cent.). 


The action of phosphorus pentachloride on the J-menthy] mandel- 
ates takes a different course : 


CgH;CH(OH)-CO,°C, 9H, °Y*S? I (31 per cent.) + II (69 per cent.). 
(d-) (/-) 


* As an alternative, the ester mixture from the action of thionyl: chloride 
on J-menthyl d-mandelate may consist of a mixture of the partially racemic 
ester and I. Throughout this paper, the constitution of the ester mixtures 
is, however, expressed in percentage amounts of the diastereoisomerides, 
the question still remaining an open one as to whether the partly racemic 
ester is stable at the ordinary temperature. 
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Thus the mixture of chloro-esters here contains a preponderance 
of the levo-ester, whereas with thionyl chloride it is the dextro- | 
ester which is in excess. Similarly with /-menthyl /-mandelate, 


(,H,CH(OH)*CO,-CygH,) ©" IT (35 per cent.) + 
(I-) (I-) I (65 per cent.), 


the dextro chloro-ester is in excess, whereas thionyl chloride leads 
to an excess of the levo-ester. With phosphorus pentachloride, 
the extent of the displacement racemisation is also slightly different, 
and from the above figures the deduction was drawn that the 
complete action of phosphorus pentachloride on J-menthyl 
ymandelate should lead to the formation of a mixture of chloro- 
esters with a slight preponderance of II. The experimental result 
accords, thus :, 
(,H,CH(OH)-CO,-C oH, °°" I (48 per cent.) + 

(r-) (l-) II (52 per cent.). 


The displacement reactions studied in the above examples may 
be considered from three points of view. In the action of thionyl 
chloride, for example, on J-menthyl d-mandelate, it might be 
suggested (1) that /-menthyl d-phenylchloroacetate is first formed, 
and then undergoes partial inversion by the subsequent action of 
thionyl chloride. This is, however, untenable (see experimental 
part); (2) that catalytic racemisation of the d-mandelate might 
take place prior to chlorination; (3) that displacement racemisation 
might occur during the actual displacement. 

The above results with thionyl chloride and phosphorus penta- 
chloride also present us with a type of Walden inversion, but it is 
impossible at present to state which of the two chlorinating agents 
causes the configurative change. It is very striking that although 
the two chlorinating agents are thus quite different in their 
behaviour towards the diastereoisomeric /-menthyl mandelates, 
the final result of each action on the partly racemic mandelate 
is similar in this respect that the product consists in each case 
of a mixture of I and II with a slight preponderance of II. 

In the paper by Shimomura and Cohen entitled ‘‘ A New Method 
for the Resolution of Asymmetric Compounds” (T., 1921, 119, 
1816), the argument on which their method is based is the follow- 
ing. An inactive mixture C(abcd) is combined with an active 
group, atid then one of the groups (for example, d) is displaced by 
eunder asymmetric conditions, giving C(abce); if the active group 
is then removed, then C(abce) should be optically active. Of the 
various actions investigated to test the validity of this principle, 
three were regarded as providing positive results. dl-Pheny]l- 
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chloroacetyl-l-tyrosine was acted on by ammonia, the amino. 
. compound was treated with nitrous acid, and the /-tyrosine wa; 
then removed. The mandelic acid isolated had [«], + 11-5 
(c = 0°13, 1 = 2). For one reason alone, this result cannot be 
accepted as convincing, as the concentration employed is so small 
that the observed angle of rotation when calculated from the above 
data provided by the authors, is only ap + 0°03° in a 2-dem. tube, 
In the other two actions, active phenylchloroacetic acid was obtained 
by the action of thionyl chloride and phosphorus pentachloride 
respectively on /-menthy!l r-mandelate, the product in the first case 
giving [«]> — 10°, and in the second [a]} — 81°. In accom. 
ance with the above principle, it is assumed that a mixture of 
unequal amounts of I and II is produced, and II is assumed to be 
in excess because the acid from the hydrolysis is levorotatory, 
It may at once be stated that the present authors have been forced 
to the conclusion that the principle of Shimomura and Cohen is 
erroneous. Take the case of a partly racemic J-menthyl ester 
of an inactive acid, R-CH(OH)-CO,H. When such an ester is 
submitted to chemical action, it will behave as if it consisted of 


R i 
(IIL) H-C-OH (d-) and OH-C-H (l-) (IV.) 
Oo°CypH jy (/-) CO4°C 19H jy (/-) 


in equal quantities. When acted on by an excess of thionyl 
chloride, and on the assumptions that the action of the thionyl 
chloride is carried to a completion and that no displacement 
racemisation occurs, IIT will be entirely converted into the chloro- 
ester (V), and IV will be entirely converted into the chloro-ester 


(VI): 


R R 
(v.) EC (d-) Cl-C-H (L) (V1) 
O°CioHi, (/-) CO*CipH yy (/-) 


Although V and VI will be formed at different rates, at the end 
of the action they will be formed in equal quantities (on the above 
assumptions). 

The principle adduced by Shimomura and Cohen implies that 
unequal quantities of V and VI would be produced when the action 
of thionyl! chloride is carried to a completion. 

Now the proof is given in the present paper that by th® action 
either of thionyl chloride or of phosphorus pentachloride on 
l-menthyl r-mandelate, a mixture of unequal quantities of I and II 
is actually formed with a slight preponderance of II. This is not, 
however, a confirmation of the validity of the reasoning of Shimo- 
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. ff mura and Cohen, as the result is due to displacement racemisation. 
|Menthyl r-mandelate, from the experience of one of us, behaves 
in its chemical reactions as if it were a mixture of VII and VIII in 
equal quantities : 


CoH CoH; 
(vil.) H-G-OH (d-) OH-U-H (l-) (VILL) 
O,°CypH yg (I-) CO4*Ci9Hy (I-) 


When the action of thionyl chloride on this partly racemic ester 
js carried to a completion, VII gives I and II (with an excess 
of I), whilst VIII gives I and II (with an excess of II). The 
displacement racemisation is slightly greater with VII than with 
VIII, and the product of the action of thionyl chloride on /-menthyl 
rmandelate is accordingly a mixture of I and II (with a slight 
excess of IT). 

When the action of phosphorus pentachloride on /-menthyl 
rmandelate is carried to a completion, VII gives a mixture with 
69 per cent. of II, and VIII gives a mixture with 65 per cent. of I. 
The product of the action of phosphorus pentachloride on /-menthyl 
rmandelate is accordingly a mixture of I and II (with a slight 
excess of IT). 

Even if the principle of Shimomura and Cohen were admitted to 
be correct, their experimental evidence gives, in our opinion, no 
support to it. A mixture of I and II in unequal quantities gives 
a slightly levorotatory acid as a result of hydrolysis by alcoholic 
alkali irrespective of which of the esters is in excess in the 
mixture, and the same result is also obtained when the quantities 
of I and II are equal. 

We are unable, therefore, to agree with Shimomura and Cohen 
when they claim that their method is new, since their experimental 
results can be interpreted by methods which are already known, 
and which have been elaborated by one of us and his co-workers. 
Shimomura and Cohen have omitted from their discussion the 
consideration of two very important aspects: (1) the displacement 
racemisation which occurs both when the hydroxy-esters are 
converted into the chloro-esters, and when the phenylchloro- 
acetic acid is isolated from the products of the hydrolysis, and 
(2) the catalytic racemisation which occurs by the action of alcoholic 
alkali on the chloro-esters. In any explanation offered with refer- 
ence to the action of thionyl chloride and of phosphorus pentachloride 
on l-menthyl r-mandelate, those factors are vital, and cannot be 
disregarded. 


VOL, CXXIII. 
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EXPERIMENTAL. 


Resolution of \-Menthyl di-Phenylchloroacetate into its Diastereo. 
isomerides. 


A current of dry hydrogen chloride was passed for fifteen minutes 
into a molten mixture of r-phenylchloroacetic acid (10 grams) 
and /-menthol (30 grams), and heating on a water-bath was continued 
for four hours. After further treatment of the mixture with 
hydrogen chloride and subsequent heating for one and a half hours, 
the ethereal solution of the oil was washed first with water, and 
then with a dilute solution of sodium hydrogen carbonate. The 
ether and menthol were removed, the latter by distillation with 
steam, and the residual oil solidified after twenty-four hours in the 
ice-chest. Yield 17°3 grams; m. p. 24—29°. After crystallisation 
from rectified spirit at — 5°, the crystals (11°7 grams) melted over 
a larger range, namely 28°5—51°5°, and gave [a]) — 63°5° for 
c = 4°3808 in ethyl-alcoholic solution. The resolution proceeded 
slowly when the crystallisation was conducted at temperatures 
below 0°, since a further crystallisation at — 7° gave a product 
(10°4 grams) which was only slightly less optically active than before, 
the value being [«], — 60°9° for c = 4:2184 in ethyl-alcoholic 
solution. The next crystallisation from rectified spirit took place 
at the ordinary temperature, and the resulting crystals (3°8 grams) 
were now slightly dextro-, giving [«]) + 1°5° for c = 43264 in 
ethyl-alcoholic solution, whilst the crystals (1°3 grams) which 
separated from the filtrate were strongly levo-, giving [«], — 141:1° 


for c = 4:0736 in ethyl-alcoholic solution. The dextro-product 


with [«], + 1°5° gave the pure ester of the d-acid after one further 
crystallisation; yield = 3 grams. 

1-Menthyl d-phenylchloroacetate, CgH,*CHC1*CO,°C,9H 9, separates 
from aqueous ethyl alcohol in fine needles, and melts at 56—57° 
(Found: Cl=11°5. C,,H,,O,Cl requires Cl = 11°5 per cent.). 
In ethyl alcohol: 1 = 2, c = 4:1782, a” + 0°47°, [a]®* + 56°; 
air + 0°66°, [a];sr + 7°9°.* This estgr was also prepared 
directly from d-phenylchloroacetic acid, which was obtained 
by resolving the r-acid with morphine in ethyl-alcoholic solution 
(McKenzie and Clough, T., 1909, 95,777). The acid was esterified 
by /-menthol by means of hydrogen chloride, and the resulting ester 
after crystallisation from rectified spirit was found to be identical 
with the above; m. p. 56—57° (Found: Cl = 11°6; cale,, 11°5 per 


* The determinations of optical rotatory power of solid substances made 
in this and in all other cases recorded in the present paper were conducted 
with products which were dried over sulphuric acid at the ordinary temper- 
ature and under diminished pressure until the weight was constant. 
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cent.). In ethyl alcohol: 1 = 2, ¢ = 4:3672, af* + 0°50°, [a]5* 
457°; any + 0°70°, [a]iii + 8°0°. By fractional crystallisation of 
he products from the preceding resolution, the diastereoisomeride 
was also isolated. 

]-Menthyl 1-phenylchloroacetate, C,H ;*CHC1-CO,°C,,H49, separates 
from aqueous ethyl alcohol in fine needles, and melts at 44-5—45°5° 
(Found: Cl= 11-7. C,gH,;0,Cl requires Cl = 11°5 per cent.). 
In ethyl alcohol: 1 = 2, c = 3°9912, af — 11-96°, [«]° — 149°8°. 

The homogeneity of this ester was controlled by its preparation 
from l-phenylchloroacetic acid, which was obtained by resolving 
the r-acid with morphine in methyl-alcoholic solution (McKenzie 
and Clough, T., 1908, 93, 811). On esterification with l/-menthol 
in the presence of hydrogen chloride, this acid gave an ester which, 
after crystallisation from rectified spirit, melted at 44°5—45°5°. 
In ethyl alcohol : 1 = 2, c = 40748, aj — 12°23°, [a]> — 150°1°; 
a5, — 14°65°, [a 3%, — 179°8°. 


Synthesis of 1-Menthyl dl-Phenylchloroacetate from its Dviastereo- 
isomerides. 


A mixture of equal weights of /-menthyl d-phenylchloroacetate 
and /-menthyl /-phenylchloroacetate was dissolved in anhydrous 
ether, and the solvent was then allowed to evaporate spontane- 
ously. The resulting solid, which melted at 28—29°, gave the 
following rotations in ethyl-alcoholic solution: 1 = 2, c = 39216, 
a” — 566°, [a]i® — 72°2°; af, — 6°74°, [a]! —85°9°. The values 
calculated from the rotations of the diastereoisomeric esters are 
[aly — 72°15° and [«]ss, — 85°9°. 

The transition temperature at which the partly racemic 
lLmenthyl r-phenylchloroacetate is transformed into the mixture 
of equal quantities of the diastereoisomerides has not yet been 
determined, but from the manner in which the resolution proceeded 
it would appear that this temperature lies below the ordinary. 


Interaction of dl-Phenylchloroacetyl Chloride and \-Menthol. 


The ester obtained by Shimomura and Cohen (loc. cit.) by this 
action melted at 30—41°, and it is suggested by them that a partial 
resolution of the compound into diastereoisomerides is possible, 
since by repeated crystallisation from alcohol an ester with [«]> 
— 92-25° in alcoholic solution was obtained, which on hydrolysis gave 
a slightly levorotatory phenylchloroacetic acid. .As will be seen 
from the following account, we obtained a different result, the 
dextrorotatory ester being the more sparingly soluble of the two 
esters, as we expected from our experience of the resolution already 


described. The description of Shimomura and Cohen implies that 
3x2 
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the /-ester is the more sparingly soluble of the two. It is possible 
that those authors had neglected the first deposit of crystals, but 
had examined a product from the alcoholic filtrate; this would 
explain the discrepancy. 

Equimolecular quantities of dl-phenylchloroacetyl chloride and 
l-menthol were heated at 110° for two and a half hours, and then 
at 150° for one hour. After the ethereal solution of the oil had been 
washed with water and then with a dilute solution of sodium 
carbonate, it was dried, and the ether expelled. The ester was 
distilled twice under diminished pressure, and gave values for its 
boiling point and for its rotation in the liquid condition in close 
agreement with those of Shimomura and Cohen. After remaining 
at the ordinary temperature for five and a half hours, the oil solidi- 
fied, and then melted at 28—32°. In ethyl alcohol: / = 2, 
c = 41612, af — 5°85°, [a]? — 70°3°; af, — 691°, [a]}%,. — 83°0°. 
On dissolving this product in rectified spirit, an oil separated on 
cooling, and this had not crystallised after remaining over-night 
at the ordinary temperature. It was nucleated with /-menthyl 
d-phenylchloroacetate, and it then solidified. After two further 
crystallisations, the pure /-menthyl d-ester separated ; its melting 
point was sharp, and it had [«]f'+ 53° ([=2, c = 3°7616, 
ai +. 0°40°) in ethyl-alcoholic solution. 

Another object in studying the product of the action of 
dl-phenylchloroacetyl chloride on J-menthol was to find out if its 
optical activity varied from that of the synthetic dl-ester. For 
two reasons, it was by no means certain that those esters would be 
identical. First, if the interaction of the acid chloride and menthol 
were incomplete, the method of Marckwald and McKenzie (Ber., 
1899, 32, 2130, etc.) would come into play, and the product would 
consist of a mixture of unequal amounts of the diastereoisomerides. 
Secondly, it was possible that the diastereoisomerides could be 
partly racemised by the heating of the acid chloride with menthol 
and by the subsequent distillation under diminished pressure in 
such a manner that the optical inversion would take place round the 
asymmetric carbon atom to which the groups, phenyl, hydrogen, 
and chlorine are attached, whilst no inversion would take place 
in the menthyl group. Such an instance of partial racemisation 
has already been recorded by McKenzie and Thompson (T., 1905, 
87, 1004), who proved that when J-menthyl d-mandelate and 
l-menthyl J-mandelate were heated at 155°, inversion round the 
mandelic complex took place to different extents in each case. 
In the present instarice, however, the values [«], — 70°3° and 
[«]ss: — 83°0° differ only very slightly from those of the synthetic 
ester, which are [«]) — 72°2° and [«]ss, — 85°9°.. The esterification 


THE ISOMERIC 1-MENTHYL PHENYLOHLOROACETATES. 1973 


by means of the acid chloride and menthol was therefore practically 
complete. It was also not to be expected from those figures that 
the diastereoisomerides would alter much in activity on being 
heated, and experiment bore this out. No partial inversion was 
observed when the J-menthyl d-phenylchloroacetate was heated at 
150° for four hours, the rotation of the ester after heating being 
[ah + 58° (L=2, c= 40784, ap + 047°) in ethyl-alcoholic 
solution. With the /-menthy]l /-ester, a very slight alteration only 
(to the extent of about 2° in the specific rotation) was observed when 
the heating was conducted under exactly the same conditions as 
with the isomeride, the value in alcoholic solution being: 1 = 2, 
c= 40244, aj” — 11°92°, [a]>” — 148°1°. 


Hydrolysis of 1-Menthyl d-Phenylchloroacetate. 


Complete Hydrolysis with Excess of Alcoholic Alkali.—Eleven c.c. 
of ethyl-alcoholic potassium hydroxide (0°6849N) were added to 
a solution of 2 grams of the ester in 20 c.c. of ethyl alcohol, the 
amount of alkali theoretically required for complete hydrolysis 
being 9°5 c.c. After remaining at the ordinary temperature for a 
week, the alcohol was allowed to evaporate under diminished pressure 
at the ordinary temperature. A very dilute aqueous solution of 
sodium hydrogen carbonate was added to the residue, and the 
menthol was removed completely by extraction with ether nine 
times. The aqueous solution was acidified by dilute sulphuric 
acid, and the chloro-acid was extracted three times with ether. 
The ethereal solution was dried with anhydrous magnesium sul- 
phate, and the ether was allowed to evaporate under diminished 
pressure over sulphuric acid at the ordinary temperature. The 
resulting acid (0°99 gram) melted at 56—73°, and consisted mainly 
of r-phenylchloroacetic acid, but some mandelic acid was also 
unavoidably present, so that on analysis the percentage of halogen 
was found to be low (Found: Cl= 18:1. C,H,0,Cl requires 
Cl = 20°8 per cent.). This mixture of acids was slightly levorota- 
tory in ethyl-alcoholic solution: 1 = 2, ¢ = 3°5372, a — 0:09°, 
[ay — 1°3°. 

The result was confirmed. Ester, 2 grams; ethyl alcohol, 25 c.c.; 
standard alcoholic alkali, 11 ¢.c. (cale. 9°5 ¢.c.); at ord. temp. 
for 27 hours; allowed to evaporate as before: acid obtained, 
1:02 grams. Rotation in benzene: 1 = 2, c = 5°598, ap — 034°, 
[afi —3°0°; abt, — 0°37°, [a] — 3°3°. 

For comparison, the activity of pure /-phenylchloroacetic acid 
was determined in ethyl-alcoholic solution: 1 = 2, c = 2-002, 
al® — 624°, [a]i* — 155°8°. In benzene, the acid has [«]) — 191°8° 
(loc. cit.). : 
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The dextrorotatory ester with [«]) + 5°5° thus gave on complete 
hydrolysis a slightly laevorotatory acid. 

Partial Hydrolysis with Insufficiency of Alcoholic Alkali — 
10°5 C.c. of ethyl-alcoholic potassium hydroxide (0°6849N) were 
added to a solution of 4 grams of /-menthyl d-phenylchloroacetate 
in 40 c.c. of ethyl alcohol, the amount of alkali required for complete 
hydrolysis being 18°9 c.c. After remaining at the ordinary tem. 
perature for a week, the alcohol was removed as before, and a 
a very dilute aqueous solution of sodium carbonate was added to 
the product. Extraction with ether was carried out eight times, 
and the final ethereal extract on polarimetric examination was 
found to be quite inactive. The acid (0°94 gram) was obtained from 
the aqueous solution as before. It melted at 59—76°, and was again 
. found to be slightly levorotatory. In ethyl alcohol: /=2, 
c= 4:2, alf — 018°, [a] — 2-19. 

The ether was removed from the solution containing the mixture 
of unhydrolysed ester and menthol, and the residue was distilled 
for two hours in a current of steam. Under those conditions, 
practically no ester was left behind in the distilling flask, the 
unhydrolysed ester being obviously slightly volatile with steam, 
as it was present along with the menthol in the distillate. 


Hydrolysis of \-Menthyl 1-Phenylchloroacetate. 


Complete Hydrolysis with Excess of Alcoholic Alkali.—The quan- 
tities used were the same as those employed in the case of the 
isomeric acid, and the procedure was identical. Acid recovered 
= 098 gram, m. p. 52—75° (Found: Cl=181. O,H,0,Cl 
requires Cl = 20°8 per cent.). This mixture of phenylchloroacetic 
and mandelic acids was slightly levorotatory in ethyl-alcoholic 
solution: 1 = 2, ¢ = 3:4536, «af —O°11°, [a] — 16°. 

Partial Hydrolysis with Insufficiency of Alcoholic Alkali.—Con- 
ditions as with the isomeric ester. Acid recovered = 0°94 gram, 
m. p. 55—69°. This acid was slightly levo- in ethyl-alcoholic 
solution: 1 = 2, c = 4:255, af” — 0°18°, [a]?* — 2°1°. 

The levorotatory ester with [a])p — 149°8° thus resembled its 
dextrorotatory isomeride in giving on hydrolysis an acid with a slight 
levorotation. 


Hydrolysis of 1-Menthyl dl-Phenylchloroacetate. 


The hydrolysis was carried out with an excess of alcoholic alkali. 
Two grams of synthetic ester: conditions identical with those 
described for /-menthyl d-phenylchloroacetate : menthol completely 
removed: acid obtained = 1:01 grams. The acid was slightly 
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levorotatory in ethyl-alcoholic solution: J=2, c = 3°7396, 
ad’ —0°17°, [«]> — 23°; asim — 020°, [a]sm — 2°7°. 

In another experiment with 2 grams of the synthetic ester the 
conditions were the same as before except that the solution after 
the addition of the alkali remained at the ordinary temperature for 
twenty-four hours before the ethyl alcohol was evaporated under 
diminished pressure. The resulting acid gave the following values 
inethyl-alcoholic solution : 1 = 2,c¢ = 6-04, aj — 0°27°, [a]>’ — 2°2°; 
a5, — 0°33°, [o]3i — 2°7°. 


Fractional Esterification of r-Phenylchloroacetic Acid with 
]-Menthol. 


The method of Marckwald and McKenzie (Ber., 1899, 32, 2130) 
was applied, 6 grams of the r-acid being used. The unesterified 
acid (8 grams) was dextrorotatory in ethyl-alcoholic solution: 
l= 2, c = 4°412, a> + 0°38°, [«]> + 4°3°. 


Action of Thionyl Chloride on |-Menthyl r-Mandelate. 


Three grams of /-menthyl r-mandelate (T., 1904, 85, 378) were 
heated with 20 grams of thionyl chloride under reflux on a water- 
bath for two and a quarter hours. The excess of thionyl chloride 
was removed under diminished pressure, and the ethereal solution 
of the residue after washing with a dilute solution of sodium 
hydrogen carbonate was dried with anhydrous magnesium sulphate. 
After removal of the ether by evaporation at the ordinary temper- 
ature, the oil solidified on being cooled in a freezing mixture. The 
product (2°8 grams) melted at 25—34°, and gave the following values 
in ethyl-alcoholic solution: J1=2, c= 40776, af — 6:05°, 
[u]y — 742°; aff: — 7°20°, [a]if,. — 88°3°. 

The whole of this ester mixture, which contains a slight pre- 
ponderance of the /-menthyl /-phenylchloroacetate (51 per cent.), 
was dissolved in 20 c.c. of ethyl alcohol to which were added 
15:2 c.c. of ethyl-alcoholic potassium hydroxide (0°6849N), the 
calculated amount of alkali required for complete hydrolysis being 
13:2 c.c. After remaining at the ordinary temperature for seven 
days, the alcohol was allowed to evaporate under diminished pres- 
sure at the ordinary temperature. A very dilute solution of sodium 
carbonate was then added, the precipitated solid (menthol) removed, 
and the filtrate extracted with ether eight times to ensure the 
complete removal of the menthol; the eighth ethereal extract was 
examined polarimetrically, and found to be quite inactive. The 
aqueous solution was acidified by dilute sulphuric acid, and extracted 
with ether three times. The ethereal extract was dried, and the 
ether was removed. The solid acid (1:2 grams) gave the following 
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value in ethyl-alcoholic solution: | = 2, c= 4°791, ap — 034° 
[a]y — 3°5°. 

The acid obtained under those conditions did not consist of 
phenylchloroacetic acid only, as some mandelic acid was necessarily 
formed owing to the ease with which the chlorine was displaced 
by the hydroxy-group (compare McKenzie and Clough, T., 1908, 
93, 811; 1909, 95, 777). The percentage of chlorine is thus low 
(Found: Cl = 161. C,H,0,Cl requires Cl = 20°8 per cent.). 

In another experiment in which the chlorination was conducted 
in a similar manner, 3 grams of the mandelate gave 2°8 grams of 
chloro-ester, which again contained a slight preponderance of the 
ester of the J-acid, the values obtained under the same conditions 
as before being [«]) — 74°2° and [a],s6, — 88°2° respectively (Found : 
Cl=11°4. C,,H,,;0,Cl requires Cl=11°5 per cent.). The 
saponification of this product was carried out by following the 
procedure of Shimomura and Cohen. To a solution of 2°64 grams 
of the ester in 20 c.c. of ethy! alcohol, 14°45 c.c. of alcoholic potassium 
hydroxide (0°6849N) were added, the calculated amount being 
12-5 c.c. The solution was kept at the ordinary temperature for a 
week, the alcohol was removed at the ordinary temperature, and a 
very dilute solution of sodium carbonate was added. The precipi- 
tated menthol was removed by filtration. The filtrate, after being 
extracted with ether several times, was acidified by hydrochloric 
. acid, and then evaporated by heating on the water-bath for one 
hour. The acid was then extracted with ether and dried. Yield 
1:06 grams. In ethyl alcohol: 1=2, c= 4779, af — 0:18°, 
[«}y —1:9° (Found Cl = 11:2. O,H,O,Cl requires Cl = 208 
per cent.). In this case, more mandelic acid was produced than in 
the first experiment described, where the percentage of chlorine 
in the acid mixture was 16:1. This result was not unexpected, since 
the product (after acidification) had been heated in contact with 
water, the rise of temperature above the ordinary increasing the 
velocity of the displacement of the halogen by the hydroxy-group. 
The above value, [«]) —1°9°, was the highest we obtained when the 
directions given by Shimomura and Cohen were followed ; in three 
other cases the acid was practically inactive. We were therefore 
never able to obtain an acid so active as [a] —10° (c = 4°65, 1 = 2) 
as found by Shimomura and Cohen. 


Action of Thionyl Chloride on 1-Menthyl a-Mandelate. 


1:5 Grams of l-menthyl d-mandelate (T., 1904, 85, 1249) were 
heated with 10 grams of thionyl chloride for two hours. 1°43 Grams 
of a mixture of the chloro-esters were obtained (Found : Cl = 11:3. 
Cale., 11°5 per cent.). In ethyl aleohol: 1 = 2, c = 4:1444, 
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at? — 3°65°, [aJp” — 440°; ase — 4°33°, [o]fe — 52°2°. A 
second experiment under similar conditions gave a chloro-ester 
mixture melting at 25—50°. In ethyl alcohol: / = 2, c = 4°3412, 
a¥ — 3°75°, [a] — 43°2°; at, —4°37°, [a]ii — 50°3°. From 
those figures the product of the action of thionyl chloride on 
|.menthyl d-mandelate consisted of /-menthyl d-phenylchloroacetate 
(68 per cent.) and /-menthyl /-phenylchloroacetate (32 per cent.). 

The partial inversion, which has been shown to occur here, must 
have taken place during the action of the thionyl chloride on the man- 
delate and not by the subsequent action of the thionyl chloride on the 
dextrorotatory ester alone, since the latter, when heated with thionyl 
chloride for two hours and then recovered, gave a product identical 
in optical activity with that of the original ester. 


Action of Thionyl Chloride on |-Menthyl \-Mandelate. 


15 Grams of /-menthyl /-mandelate (T., 1904, 85, 1249) were 
heated with 10 grams of thionyl] chloride for two hours. 1:47 Grams 
of a mixture of the chloro-esters were obtained (Found: Cl = 11-4. 
Calc., 11°5 per cent.). In ethyl alcohol: 1 = 2, c = 4:0848, ap” 
— 848°, [a]p” — 103°8°; a3, — 10°15°, [a]. — 124°2°. 

This result was confirmed by heating 1:22 grams of the mandelate 
with 10 grams of thionyl chloride for two and a half hours. The 
mixture of chloro-esters (1:25 grams) melted at 25—31°. In ethyl 
alcohol : 1 = 2, c = 4°2856, ap — 8°89°, [a] — 103°7°; afi, — 10°51°, 
[a]5im — 122°6°. 

The product of the action of thionyl chloride on J-menthyl 
l-mandelate thus consisted of a mixture of /-menthyl /-phenylchloro- 
acetate (70 per cent.) and /-menthyl d-phenylchloroacetate (30 per 
cent.). 


Action of Phosphorus Pentachloride on 1-Menthyl r-Mandelate. 


Several experiments were carried out in which the mandelate 
was acted on by phosphorus pentachloride according to Shimomura 
and Cohen. Determinations of halogen in the resulting oil gave 
values which were much too high, and the values which we obtained 
for the specific rotations have accordingly no significance, and need 
not be quoted. On hydrolysing such oils, the resulting acid was 
either optically inactive or feebly levorotatory. We never suc- 
ceeded in obtaining an acid so active as that of Shimomura and 
Cohen, who found [a«}* — 81° (¢c = 3:274, 1= 2), our highest 
value being [«]» —1°8° (c = 39144, 1 = 2). 

The chlorination was accordingly carried out in the presence of 
chloroform as follows. Twenty grams of phosphorus pentachloride 


were added in instalments to a solution of 10 grams of /-menthyl 
3 x* 
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r-mandelate in 50 grams of chloroform. When the action had sub. 
sided, heating was continued for two hours. The product was 
washed several times with water and then with dilute sodium 
hydrogen carbonate. After drying, the chloroform was removed, 
and the ester distilled under diminished pressure. 8-6 Grams were 
obtained, b. p. 211°/20 mm. (Found: Cl = 11°5. Cale., 11°5 per 
cent.). Rotation of the solid in ethyl alcohol: 1 = 2, c = 4:3288, 
al’ — 6°64°, [a] — 767°; olf, — 7°99°, [a], — 92°3°. 

The product therefore consisted of l-menthyl d-phenylchloroace- 
tate (47 per cent.) and /-menthy] /-phenylchloroacetate (53 per cent.), 
In another experiment where the distillation under diminished 
pressure was omitted, the ester mixture was found to contain 48 per 
cent. of the d-ester and 52 per cent. of the /-ester. 

Hydrolysis of the Ester Mixture —2‘96 Grams were dissolved in 
20 c.c. of ethyl alcohol, and 15°5c.c. of standard alcoholic potassium 
hydroxide added (cale., 14 c.c.). The mixture remained for a week 
at the ordinary temperature. Acid recovered = 1°5 grams. In 
ethyl alcohol: 1 = 2, c = 5°8176, aj — 0°44°, [«]i* — 3°8°. 


Action of Phosphorus Pentachloride on 1-Menthyl d-Mandelate. 


l-Menthyl d-mandelate (1°6 grams), phosphorus pentachloride 
(3°2 grams), chloroform (20 c.c.) ; time of heating, six and a half hours, 
Distillation under diminished pressure was not adopted. 1:5 Grams 
were obtained (Found: Cl = 11°6. Calc.,11°5 per cent.). Rotation 
of the solid ester in ethyl alcohol: 1 = 2, ¢ = 40212, «i — 8:17°, 
[a]> — 101°6°; aff, — 9°68°, [a], — 120°4°. The product there- 


fore contained 31 per cent. of the d-ester, and 69 per cent. of the . 


l-ester. 


Action of Phosphorus Pentachloride on 1-Menthyl |1-Mandelate. 


l-Menthyl /-mandelate (3 grams), phosphorus pentachloride (6 
grams), chloroform (30 grams); time of heating, six and a half 
hours; distillation under diminished pressure not adopted. Yield 
of solid ester = 2°8 grams (Found : Cl = 11°5; cale., 11°5 per cent.). 
In ethyl alcohol: 1 = 2, c = 4:1316, aj” — 403°, [a]? — 48°8°; 
ass, — 4°76°, [x]!5,, — 57°6°. The product thus contained 65 per cent. 
of the d-ester and 35 per cent. of the l-ester. 


The progress of this research has been facilitated by the generosity 
of the Carnegie Trust, to whom we express our thanks. 


UNIVERSITY COLLEGE, DUNDEE. 
UNIVERSITY OF St. ANDREWS. [Received, June 14th, 1923.] 
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OCXVII.—The Determination of the Degree of Hydration 
of Salts by a Radioactive Method. 


By Henry Terrey and Victor GEORGE JOLLY. 


DuRING some experiments on the determination of the degree of 
hydration of platinocyanides, considerable difficulty was experienced 
in drying the crystals prior to dehydration. Owing to the tendency 
of these salts to retain large quantities of 
mother-liquor, particularly at high tempera- 
tures, it was found impossible to evaluate 

the hydration by the ordinary methods. 
Organic dyes were successfully employed as 
indicators, but the results were not sufficiently - 
accurate, and therefore it was decided to 
attempt a similar method, replacing the dye 
by some radioactive material. For this 
purpose, it was necessary to select some 
radioactive compound which would go en- 
tirely into the mother-liquor and not be 
adsorbed on, or form compounds or solid 
solutions with the solid phase. Mesothorium 
in the form of its very soluble chloride was 
selected for the series of experiments, chiefly 
because it provided a strong source of y- 
radiation equal to that of radium. This 
element falls in the same group of the periodic 
table as the metals of the alkaline earths, + 
which were selected for the trial experiments 
because of their probable freedom from 
sulphates, carbonates, etc., which would tend 
to precipitate the mesothorium and bring it 
down in the solid phase. As will be seen 
later, the method breaks down in the case of 
the dihydrates, and finally the hydrates of 
sodium bromide were used as a means of 
testing the applicability of the method to a 
series of hydrates. 

Briefly, the method was as follows: A hot solution of stron- 
tium chloride containing a few drops of a solution of mesothorium 
chloride was allowed to crystallise in a specially-constructed vessel 
(see Fig. 1), maintained at a constant temperature in a thermostat, 
the crystals and mother-liquor being well stirred mechanically for 


two to six hours, according to the time necessary for the attain- 
3 x* 2 
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ment of equilibrium. By releasing the ground glass stopper, the 
contents were filtered at the temperature of the bath and the 
phases thus separated. Weighed quantities of the solution and 
of the crystals with adhering mother-liquor were dehydrated at 
130°, and their respective activities measured by means of an 
ordinary y-ray electroscope. 

A comparison of the $- or «+ §-radiations from the two 
phases gave results approximating to those obtained for y-radiation 
measurements, but the former were not sufficiently accurate, for 
the intensity of «- and §-radiations depends on the area of the 
solid exposed, absorption taking place if it has considerable depth. 
The y-radiations were selected for the comparison owing to their 
superior penetrative power, depth of solid having no effect. Since 
a gram or more of solid cannot be concentrated at a point, errors 
arise from this source ; however, by placing the phases at a distance 
of three inches or more from the ~lectroscope the risk of appreciable 
error is eliminated. The bulk of the phases was kept at a minimum 
by evaporation in small, air-tight, glass capsules. 

The comparison was made by noting the time required for the 
gold leaf to cross a definite number of divisions of the scale of a 
reading-microscope, and applying a correction for the natural 
leak of the instrument. The electroscope was of such material, 
brass, lead, or tinned iron, that the radiations compared were 
practically y only. 

The comparison indicates how much mother-liquor adheres to 
the solid phase and thus enables a value to be obtained for the 


water of hydration, which is distinct from the water containing active . 


matter. The following results, obtained with strontium chloride 
hexahydrate at 28-7°, illustrate clearly the method of calculating 
the water content. The salt used was purified by recrystallisation. 

0-6016 Gram of the liquid phase gave 0-2211 gram of anhydrous 
solid. 

0-5338 Gram of the solid phase gave 0-2713 gram of anhydrous 
solid. 

Activity of the solid phase 

- Activity of the liquid phase 
0-3479, 0-3546). 

Therefore the amount of the liquid phase adhering to the solid 
phase = 0-3378 x 0-6016 = 0-2032 gram, and the amount of 
anhydrous solid resulting from the adhering mother liquor = 
0-3378 Xx 0-2211 = 0-0747 gram. 

Therefore the amount of hydrate = 0-5338 — 0-2032 = 0-3306 
gram, and the amount of anhydrous solid from the hydrate = 
02713 0-0747 = 0-1966 gram. 

Percentage of water = 100 x 0-1340/0-3306 = 40-5 (theor. = 40-53). 


= 0-3378 (average of 0-3269, 0-3218, 
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In the dihydrate region, that is, above 66-5°, the use of meso- 
thorium as an indicator breaks down owing to the probable iso- 
morphism of the mesothorium chloride dihydrate with the dihydrates 
of strontium and barium chlorides. The failure of the method in 
this case is evident from the following results : 

Temp. 71:3°. 

11461 Grams of the liquid phase gave 0-5537 gram of the an- 
hydrous salt. 

06907 Gram of the solid phase gave 0:4327 gram of the an- 
hydrous salt. 

Activity of the solid phase _ 4 99, , , : 

Tctivity of the liquid phase = 3-332 (that is, the solid phase is far 
too active). 

Temp. 82-9°. 

09251 Gram of the liquid phase gave 0-4490 gram of the an- 
hydrous salt. 

0-7175 Gram of the solid phase gave 0-4227 gram of the an- 
hydrous salt. 

Activity of the solid phase _ 1-878 

Activity of the liquid phase 
result). 

The method was therefore applied in the case of sodium bromide, 
with which the mesothorium would probably not unite, and the 
results show that the degrees of hydration of the penta- and di- 
hydrates and of the anhydrous salt could be evaluated with a 
fair degree of accuracy. In the case of the anhydrous salt, owing 
to its fine state of sub-division, slight adsorption took place, but 
this was eliminated by the addition, after the anhydrous salt had 
separated out, of a small amount of water, which dissolved the 
finer particles responsible for the adsorption. The bromide used 
was purified by recrystallisation. 


(again giving an impossible 


Dihydrate. 26-4°, 37:0°. 
We. Of liquid Phase ......c.ccceorsecccscccsvevece 2-2193 grams 1-1446 grams 
' Anhydrous salt from the liquid phase ...... 1:0361 ,, 0-5815 gram 
NG, 0 WOE FEIGNED ccncnscesnsecnsvoscossessccce Cy — 0-8959 =, 
Anhydrous salt from the solid phase......... 0-6680 gram 0-5697 ,, 
Ratio of the activities of the solid and of 
the liquid Phase  .........escecrescccccepoveces 0-2457 ,, 0-3388 sy, 
Calculated water of hydration .............++ 25:2% 266% 
Theoretical water of hydration ............+++ 25-9% 
Anhydrous salt. 64:-5°. 64-7°. 
VEL OL Ti MUMS 565.5506 0.cessecseesccscosccee 1-:0436 grams 1-2624 grams 
Anhydrous salt from the liquid phase ...... 0-5624 gram 0-6808 gram 
WY ©, GE WOME TIRED . occpyoessceccvanseccsesnetepes 0-8210 __,, 0-7967 ,, 
Anhydrous salt from the solid phase ...... 00-6485, 0-6233—,, 
Ratio of the activities of the solid and of 
bg Rn ee Re 0-3552_—,, 0-3050_—,, 
Actual wt. of anhydrous salt taken ......... 0-4502_—,, 0-4117_ ,, 


Wt. of anhydrous solid resulting ............ 0-4488__,, 0-4157__,, 
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Within the range of experimental error, the above pairs of values 
indicate that the method is practicable. In the 64-7° determination, 
adsorption was avoided by adding solid to activated water already 
at the temperature of the thermostat. 

Attempts to obtain sodium bromide pentahydrate, which exists 
within the somewhat narrow temperature range of —24° to —28° 
by stirring the dihydrate at — 26° (this temperature was obtained 
by cooling calcium chloride solution with solid carbon dioxide) 
for six hours proved fruitless, owing to the difficulty of keeping 
the bath at constant temperature for a sufficient length of time, 
and to the very slow attainment of equilibrium. It was found 
practicable to obtain the pentahydrate by taking a large bulk of 
solution of such composition that, on cooling, this hydrate only 
could crystallise out. 


Pentahydrate. Temp. — 26°. 

9-5551 Grams of the liquid phase gave 3-7146 grams of the an- 
hydrous solid. 

8-6020 Grams of the solid phase gave 3-7086 grams of the an- 
hydrous solid. 

Activity of the solid phase _ q. 
Activity of the liquid phase — — 

Water of crystallisation = 45-6 (theor. 46-6 per cent.). 

This method is very convenient for the determination of the 
degree of hydration of salts crystallising at low temperatures, 
especially those which lose water quickly or dissolve in their water 
of crystallisation at the ordinary temperature. 


The best thanks of the authors are due to Mr. W. E. Garner, | 


M.Sc., who suggested the possibility of using radioactive indicators 
in the case of the hydrated platinocyanides. 


THE CHEMICAL LABORATORY, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. ([Received, May 18th, 1923.] 


CCXVIII.—The Action of Bromine on p-Hydroxy- 
and p-Methoxy-sulphonic Acids.* 


By ANDREW NorMAN MELDRUM and MapHAviaL SUKHLAL SHaz. 


Mucu work has been done on the halogenation of aromatic sulphonic 
acids, with the result, in many cases, that the sulphonic acid radicle 
is found to be replaced by a halogen atom. Such replacement has 


* A preliminary note on the subject of this paper was read in the Chemistry 
Section of the Indian Science Congress, Lucknow meeting, January, 1923. 
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been observed by Kelbe in the case of cymenesulphonic acid (Ber., 
1882, 145, 39) and by Meyer in the cases of «- and @-anthraquinone- 
sulphonic acids (Monatsh., 1915, 36,719). Similarly, chloroalizarin is 
produced from alizarin-8-sulphonic acid by the Farbenfabriken vorm. 
F. Baeyer & Co. (Brit. Pat. 1822, 1908). Datta and Mitter 
(J. Amer. Chem. Soc., 1919, 41, 2028) have studied the action of 
chlorine on a number of hydroxy-sulphonic acids: o0-cresol-5- 
sulphonic acid gives 5-chloro-o-cresol, and sulphosalicylic acid gives 
3:5-dichlorosalicylic acid, whilst anisolesulphonic acid produces 
tetrachloroketodihydrobenzene. Blanksma (Rec. trav. chim., 1910, 
29, 377) has made use of this property, that is, the readiness with 
which the sulphonic group in the ortho- or para-position with 
respect to the amino- or hydroxy-group is displaced by bromine, 
in settling the constitution of sulphoamino- and sulphohydroxy- 
benzoic acid. Sudborough and Lakumalani (T., 1917, 111, 41), 
by observations on the bromination of ortho- or para-amino- 
sulphonic acids, have shown that the reactivity, that is, the replace- 
ment of the sulphonic acid radicle by bromine, is usually greater if 
the sulphonic acid radicle is present in the ortho-position than if 
in the para-position. 

The authors have studied the bromination of phenol-p-sulphonic 
acid, o-cresolsulphonic acid, sulphosalicylic acid, and their respective 
methyl ethers. In each case, the phenolic substance gives a bromo- 
sulphonic acid, the bromine atom being in the ortho-position to 
the hydroxyl group, whilst the methyl ether gives the bromo- 
methoxy-derivative, the bromine atom having replaced the sulphonic 
acid radicle. 

On bromination of phenol-p-sulphonic acid, Senhofer (Annalen, 
1870, 156, 105) obtained 2-bromo- and 2: 6-dibromo-p-phenol- 
sulphonic acids. 

When the authors brominated anisole-p-sulphonic acid, an oily 
liquid separated which was found to be p-bromoanisole. The 
authors obtained this substance also by brominating anisole in 
acetic acid solution; Autenrieth and Miihlinghaus (Ber., 1906, 
39, 4098) prepared it by the action on anisole of phosphorus 
pentabromide. 

Claus and Jackson (J. pr. Chem., 1888, [ii], 38, 334) found that 
the action of bromine on o-cresol-5-sulphonic acid led to 3-bromo- 
o-cresol-5-sulphonic acid. 

When 2-methoxytoluene-5-sulphonic acid was brominated, the 
product was 5-bromo-2-methoxytoluene. The same substance was 
obtained by the action of bromine on o-tolyl methyl ether in acetic 
acid solution. In each case, the product melted at 74° and crystal- 
lised with 14 molecules of water of crystallisation. 5-Bromo-2- 
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methoxytoluene on oxidation gave Peratoner’s 5-bromo-2-methoxy. 
benzoic acid. 

The authors have shown (following paper) that when sulpho. 
salicylic acid is brominated the product is 3-bromosulphosalicylic 
acid. 

The methyl ether of sulphosalicylic acid, when treated with 
bromine, yields 5-bromo-2-methoxybenzoic acid. The same bromo. 
acid is obtained by the action of bromine on the methyl ether of 
salicylic acid in acetic acid solution. It was found to have the 
melting point 121° and to give a barium salt, (C,H,0,Br),Ba,3H,0, 
in agreement with Peratoner (Gazzetta, 1887, 16, 409), who obtained 
it from 5-bromosalicylic acid by using methyl iodide and potassium 
hydroxide, and found the melting point to be 119°. 


EXPERIMENTAL. 


In each case, the reaction was carried out by passing the bromine 
(1 mol.), as vapour mixed with air, into a solution of the sulphonic 
acid (1 mol.) in water. The temperature was kept from rising, and, 
at the end, any excess of bromine was removed by a current of air. 

p-Bromoanisole from Anisole-p-sulphonic Acid.—A solution of 
anisole-p-sulphonic acid, prepared from phenol (5 grams), was 
treated with the vapour of bromine (3°8 grams). The reaction pro- 
ceeded slowly; an oily liquid formed which was separated, dried, 
and distilled (b. p. 216—217°). Yield = 2 grams (Found: Br = 
43°10. Calc. for C,H,OBr, Br = 42°77 per cent.). 

p-Bromoanisole was prepared also from anisole (11 grams) in 


acetic acid solution by the action of bromine. Yield = 15 grams. | 


B. p. 216°. 

5-Bromo-2-methoxytoluene from (a) 2-Methoxytoluene-5-sulphonic 
Acid, (b) o-Tolyl Methyl Ether—(a) The anhydrous sodium salt of 
2-methoxytoluenesulphonic acid (2°3 grams) was dissolved in water 
(100 c.c.), a little sulphuric acid added, and the vapour of bromine 
(1°6 grams) passed in slowly. The oil that had separated finally 
became solid. The product was collected, washed, and dried 
(yield = 1°8 grams). 

5-Bromo-2-methoxytoluene has an aromatic odour. It is insoluble 
in cold water, sparingly soluble in hot water, moderately soluble in 
cold alcohol or acetone, and dissolves readily in cold acetic acid, 
benzene, toluene, or chloroform. For analysis, it was crystallised 
from solution in dilute acetic acid and obtained as shining, thin, 
six-sided plates, m. p. 74°. The crystals contained one and a half 
molecules of water of crystallisation (Found: H,O = 11°57; 
Br = 35°33, 35°74. C,H,OBr,1}H,O requires H,O = 11°84; Br = 
35°06 per cent.). 
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(b) o-Tolyl methyl ether (11 grams), dissolved in acetic acid 
(50 c.c.) and water (10 c.c.), was treated with the vapour of bromine 
(16 grams). When the bromination had ended, water (200 c.c.) 
was added to complete the precipitation (yield = 18 grams). 
After purification as above, it melted at 74—75°. The melting 
point of the mixture with the substance obtained under (a) was 74°. 

5-Bromo-2-methoxybenzoic Acid.—This substance was prepared 
in three ways, (a) by brominating sulphosalicylic acid methyl 
ether, (b) by brominating 2-methoxybenzoic acid, and (c) by 
oxidising 5-bromo-2-methoxytoluene. 

(a) The anhydrous sodium salt of sulphosalicylic acid methyl 
ether (4 grams) was dissolved in sulphuric acid (5 c.c.) and water 
(100 c.c.) and then treated with the vapour of bromine (3 grams). 
Needle-shaped crystals separated which were collected, washed, 
and dried (yield = 3:2 grams). 

The substance is insoluble in cold water and moderately soluble 
in hot. It is very soluble in most organic solvents. For analysis, 
it was crystallised from solution in petrol, when it separated 
as long needles, m. p. 121° (Peratoner, loc. cit., gives 119°) 
(Found: Br = 34°58; equivalent = 230°2. Calc. for C,H,O,Br, 
Br = 34°63 per cent.; equivalent = 230°9). The barium salt was 
obtained in clusters of needles. It had the same composition, 
(C,H,0O,Br),Ba,3H,O, as was found by Peratoner. 

It seemed possible that if bromination were carried out at a low 
temperature, the sulphonic acid radicle might remain intact and 
bromine might occupy the ortho-position to the methoxyl group. 
By experiment it was found that bromination at 0—5° led to 
50 per cent. conversion into 5-bromo-2-methoxybenzoic acid, and 
about 50 per cent. of the original sulphosalichlic acid methyl] ether, 
as the characteristic acid sodium salt, was recovered unchanged. 

(b) o-Methoxybenzoic acid (2 grams) was dissolved in acetic 
acid (20 c.c.) and water (100 c.c.), and the vapour of bromine 
(2 grams) was passed in. The product when purified, melted at 
121°5°. Mixed with the substance obtained under (a), there was 
no depression of the melting point. 

(c) 5-Bromo-2-methoxytoluene (5 grams) was heated under 
reflux with potassium hydroxide (0°5 gram) dissolved in water 
(200 c.c.). Potassium permanganate (8 grams), dissolved in water 
(400 c.c.), was added. Oxidation went on very slowly and part 
only of the 5-bromo-2-methoxytoluene was oxidised after twenty- 
four hours’ heating. Unchanged 5-bromo-2-methoxytoluene and 
precipitated manganese dioxide were removed and the excess of 
the potassium permanganate solution in the liquid was reduced 
by boiling with alcohol. When the solution became colourless, 
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the precipitated manganese dioxide was removed and the clear 
filtrate, after evaporating to small bulk, was acidified with hydro. 
chloric acid. 5-Bromo-2-methoxybenzoic acid separated in short 
needles melting at 121° (Found: equivalent = 23071. C,H,O,Br 
requires equivalent = 230°9). 

A mixture with 5-bromo-2-methoxybenzoic acid prepared by 
another method showed no depression of the melting point. 


THE MADHAVLAL RANCHHODLAL SCIENCE INSTITUTE, 
AHMEDABAD, INDIA. [Received, May 19th, 1923.) 


CCXIX.—The Constitution of Sulphosalicylic Acid 
and of Related Substances. 


By AnDREW NorMAN MELDRUM and MapHAvVLAL SUKHLAL Suan. 


THE work described in this paper was undertaken with the view 
of determining the constitution of sulphosalicylic acid and of certain 
substances that are closely related to it, namely, the acid obtained 
by sulphonating o-methoxybenzoic acid and the sulphonic acid of 
o-tolyl methyl! ether. 

Attempts to ascertain the constitution of sulphosalicylic acid 
by the method that is usually employed in studying sulphuric acid 
have failed. Remsen (Annalen, 1875, 179, 107) fused sulphosalicylic 
acid with potassium hydroxide and obtained salicylic acid and 
phenol, instead of the dihydroxybenzoic acid that he expected. 
The authors also have obtained salicylic acid by fusing sulpho- 


salicylic acid with ane hydroxide. Moreover, they obtained — 


salicylic acid on fusing*sulphosalicylic acid methyl] ether with sodium 
hydroxide, with potassium hydroxide, and with sodium methoxide. 

The authors therefore attacked the problem in other ways. 
Before their work could be prepared for publication the constitution 
of sulphosalicylic acid was proved by Stewart (T., 1922, 121, 2556). 
The result of the authors’ work is to confirm Miss Stewart’s proof 
and also to show that the constitutions of the other substances 
that they studied are represented by formule I and II, respectively. 

The authors were able to ascertain the constitution of sulpho- 
salicylic acid in the following way: when bromine vapour is passed 
into a solution in water of sulphosalicylic acid, molecular propor- 
tions being taken, reaction takes place readily and the only organic 
substance that is produced is a bromosulphosalicylic acid which 
must be 3-bromo-5-sulpho-2-hydroxybenzoic acid since it is converted 
into 3-bromosalicylic acid on elimination of the sulpho-group by 
the agency of superheated steam. 
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The bromination of the methyl ether of sulphosalicylic acid 
proceeds in a different manner (see preceding paper). 

The authors have devised a method for preparing pure sulpho- 
salicylic acid, more straightforward than the methods laid down 
hitherto (Mendius, Annalen, 1857, 103, 45; Remsen, loc, cit.; 
Pisonello, Gazzetta, 1888, 18, 346; and Hirsch, Ber., 1900, 33, 
3938), which consists in mixing salicylic acid with fuming sul- 
phuric acid (3 per cent. of sulphur trioxide), when reaction proceeds 
without the application of heat, and sulphosalicylic acid separates, 
the yield being large and there being no sign of any other product ; 
when purified by crystallisation from water, it separates as the 
substance C-H,O,S,2H,O. The acid potassium salt was found to 
contain three molecules of water of crystallisation, instead of two 
as found by Mendius (loc. cit.). 

Sulphosalicylic acid methyl ether (I) was prepared in three ways : 
(4) by sulphonating o-methoxybenzoic acid; (B) by methylating 
sulphosalicylic acid; and (C) by oxidising o-tolyl methyl ether 
sulphonic acid (II). 

(A) In preparing o-methoxybenzoic acid by the methylation of 
salicylic acid, an improved method was devised for separating that 
substance from the unchanged salicylic acid. For this separation 
Graebe recommended continued treatment with milk of lime, which 
converts calcium salicylate into the insoluble substance C;H,0,Ca 
(Annalen, 1866, 139, 138; 1905, 340, 209). The authors find that 
when salicylic acid is submitted to methylation, the product should 
be converted into the ordinary calcium salts, when the salt of the 
methyl ether acid separates first from solution, being much less 
soluble than calcium salicylate. 

After sulphonating o-methoxybenzoic acid (no indication was 
found of more than one sulphonic acid being formed), the authors 
separated the sulphonic acid as a sparingly soluble acid sodium 
salt, C,xH.O,SNa,3H,O; the acid potassium salt, C.H;0,SK,2H,0, 
is much more soluble. The free sulphonic acid melts at 152°. 

(B) Sulphosalicylic acid was methylated, and the product 
identified with the substance described under (A) by means of the 
acid sodium and potassium salts. Thus the sulphonic acid obtained 
from o-methoxybenzoic acid must have the constitution (I). 

(C) On sulphonating o-tolyl methyl ether, prepared from o-tolu- 
idine, Bromwell obtained a sulphonic acid, the constitution of which 
he left unsettled (Amer. Chem. J., 1897, 19, 569). The authors, 
on sulphonating o-tolyl methyl ether—prepared from o-cresol— 
obtained two products: (i) Bromwell’s sulphonic acid in large 
amount and (ii), in smal! amount, a substance, m. p. 138°, which is 
reserved for further investigation. 
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Having oxidised Bromwell’s sulphonic acid, the authors isolated 
an acid sodium salt and an acid potassium salt that proved to be 
identical with those obtained by methods (A) and (B). Thus 
Bromwell’s acid has the constitution II. Moreover, the relationship 
between the substances I and II was shown in another way. Brom. 
well converted his acid via the sulphony] chloride into the sulphon- 
amide IIIT and on oxidising the latter obtained the sulphonamide 
carboxylic acid (IV). Walker fused this carboxylic acid with 
potassium hydroxide and found that the product was salicylic acid 
sulphonamide (V), so that the sulphonamide group had remained 
intact and the methoxy-group had been hydrolysed (Amer. Chem. 
J., 1897, 19, 578). The authors converted sulphosalicylic acid 
methyl ether (I) into the corresponding sulphonamide, and then 
fused this with potassium hydroxide, obtaining another sulphon- 
amide. The first sulphonamide melted at 212—213° and was 
evidently identical with Bromwell’s sulphonamide, which melted 
at 210°. By fusion with potassium hydroxide, a substance was 
obtained melting at 230° and evidently identical with Walker's 
compound, which melted at 231°. Thus Bromwell’s o-tolyl methyl 
ether sulphonic acid must have the constitution II and Walker's 
salicylic acid sulphonamide the constitution V. 
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Sulphosalicylic Acid.—The following process is more convenient 
for making sulphosalicylic acid than that employed by Hirsch and 
workers previous to him. Salicylic acid (100 grams) was dissolved 
in sulphuric acid containing 3 per cent. of sulphur trioxide (200 c.c.), 
the temperature of the solution rising to about 75°. The mixture 
was cooled and crystallisation set in after half an hour; after one 
hour, the hard mass was broken up. After filtering through flannel, 
the mother-liquor, on addition of a little water, gave a further 
yield of the crystalline substance. The crystalline mass was well- 
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pressed, washed with dilute sulphuric acid, and dried by means of 
porous tile. 

The crude substance was recrystallised from water (yield = 
160 grams). The crystals, when rapidly formed, are needle- shaped ; 
when slowly formed, they are rectangular plates. The composition 
is C,H,0,8,2H,0 and the melting-point is 113°. Desiccation leads 
to material that shrinks when heated from 115° upwards and melts 
with decomposition at about 180° (Found: H,O = 14°10; equiva- 
lent = 126°8. C,H,0,8,2H,O requires H,O = 14°17 per cent.; 
equivalent = 127°0). The acid potassium salt crystallises in 
slender needles (Found: K = 12°46; equivalent = 309°8, 310°3. 
(,H,O,SK,3H,O requires K = 12°77 per cent.; equivalent = 
310°2). Mendius described an acid potassium salt of the com- 
position C,H,0,SK,2H,0. 

3-Bromo-5-sulpho-2-hydroxybenzoic Acid.—Sulphosalicylic acid 
(32 grams) was dissolved in water (200 c.c.) in a flask which was 
connected with a flask containing bromine (21 grams). Air con- 
taining bromine vapour was passed into the solution, and the 
bromine was rapidly absorbed. At the end, traces of unchanged 
bromine were removed by a current of air. The solution was then 
evaporated on a water-bath until hydrogen bromide was no longer 
evolved, and the residue was kept in a desiccator containing sodium 
hydroxide for two days. The product crystallised in shining 
needles and was found to be insoluble in most organic solvents, 
but soluble in ethyl acetate or nitrobenzene. When heated, it 
shrinks from 110° upwards and melts at 140°; on further heating, 
it solidifies and melts again at about 182° (Found: equivalent = 
152°8, 1541. C,H;0,BrS,$H,O requires equivalent = 153). 

In preparing salts of the acid, the solution obtained on bromin- 
ation was used without evaporation for removal of hydrogen bromide. 

Acid Potassium Salt.—The solution was neutralised with potassium 
hydroxide solution, evaporated to small bulk, and acidified with 
strong hydrochloric acid, when the acid potassium salt separated 
in floccuient needles. The substance loses 24 molecules of water 
when heated at 110° [Found: H,O = 11°69 at 110°; K = 1003; 
equivalent = 385°2. C,H,O,SBrK, 3H,O requires H,O = 11°57 
(24 molecules H,O); K = 10°05 per cent.; equivalent = 389°1.] 

Acid Sodium Salt.——The solution was neutralised with sodium 
hydroxide solution and treated as above, the acid sodium salt 
separating in clusters of soft, silky needles. It is more soluble than 
the acid potassium salt (Found: H,O = 2102; Na = 5°58. 
0,H,O,SBrNa,5H,O requires H,O = 220; Na = 5°62 per cent. 
Equivalent of the anhydrous salt = 321°8. C,H,O,SBrNa 
requires 319°1). 
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Barium Salt.—The hot dilute solution was digested with barium tt 
carbonate, the mixture filtered, and the filtrate evaporated. Two shin 
kinds of crystals were obtained, (a) needles on rapid crystallisation, * 
and (6) short needles on slow crystallisation. dige' 

(a) This substance did not lose in weight when heated at 110° filter 
for two hours (Found: Ba = 30°56. O©;H,0,SBrBa,H,O requires § &” 
Ba = 30°51 per cent.). red 

(6) This substance, when heated at 110°, lost 4 out of 5 molecules (CE 
of water [Found : H,O = 1300; Ba = 26-32. O,H,0,SBrBa,5H,0 § 4 
requires H,O = 13°78 (4 molecules of water); Ba = 26°30 per ir 
cent. ]. 

Strontium Salt—This was prepared similarly to the barium salt, § ““° 
and was obtained as microscopic needles. It did not lose in weight a 
when heated at 110° (Found: Sr = 21°44. C,H,0,SBrSr,H,0 sult 
requires Sr = 21°86 per cent.). - 

Lead Salt.—The solution was digested with lead carbonate, “ 


filtered, and the filtrate evaporated to small bulk. The salt 
separated in clusters of minute needles. The lead bromide that 
was formed at the same time was much more soluble in hot 
water and was easily removed (Found: H,O = 9:17; Pb = 37°40. 
C,H,0,SBrPb,3H,O requires H,O = 9°71; Pb = 37:25 per cent.). 

3-Bromosalicylic Acid—It was mentioned that 3-bromosulpho- 
salicylic acid, when heated, melts at 140°, and that the liquid on 
further heating gives a solid that melts at 182°. In a small-scale 
experiment, by heating 3-bromosulphosalicylic acid that contained 
half a molecule of water of crystallisation, it was found that 
3-bromosalicylic acid is produced. It is obtained in large yield as . 
follows : 

3-Bromosulphosalicylic acid (10 grams) and syrupy phosphoric 
acid (50 grams) were heated together at 130° for about thirty 
minutes. Superheated steam was then passed in and the temper- 
ature raised to 155—160° (it ought not to be raised further). 
Part of the 3-bromosalicylic acid volatilised with the steam, and 
more was obtained on adding water to the liquid in the flask (yield = 
5'5 grams). 

The substance dissolves readily in methyl alcohol, acetone, or 
acetic acid. It is moderately soluble in hot water, benzene, toluene, 
chloroform, or petrol. For analysis, it was purified by recrystal- 
lisation first from dilute acetic acid and then from 50 per cent. 
methyl alcohol : it formed long needles, m. p. 184°5° (Lellmann and 
Grothmann, Ber., 1884, 17, 2715, record m. p. 184°. Compare also 
Miller, Ber., 1909, 42, 3702) (Found: Br = 36°77; equivalent = 
217°4, 216°8. Calc. for C,;H;O,Br, Br = 36°86 per cent. ; equivalent = 
217°0). 
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The sodium, potassium, and ammonium salts crystallise in short, 
shining needles. 

Barium Salt.—3-Bromosalicylic acid dissolved in water was 
digested with barium carbonate in slight excess. The mixture was 
filtered, and the filtrate evaporated and filtered again. The filtrate 
gave small prisms, slightly red, and charcoal did not remove the 
red colour [Found: H,O=925; Ba= 21:96. Cale. for 
(C-H,O3).Ba,3H,0, H,O = 8°70; Ba = 22°10 per cent.]. Lellmann 
and Grothmann (loc. cit.) described a barium salt of the same com- 
position that crystallised in red prisms. 

3-Bromo-2-methoxybenzoic Acid.—3-Bromosalicylic acid (2 grams) 
was methylated with methyl sulphate and sodium hydroxide. 
After being heated to decompose the ester and the excess of methyl 
sulphate, the liquid was acidified, when a white, crystalline precip- 
itate formed (yield = 1°5 grams). The substance is sparingly 
soluble in hot water, but is readily soluble in hot organic solvents. 
It separates as curly, fibre-like crystals from benzene, toluene, or 
ethyl alcohol, and as clusters of needles from petrol. A sample 
gave no coloration with ferric chloride solution, and melted at 136°. 
Its isomeride, 5-bromo-2-methoxybenzoic acid, melts at 121°, 
and a mixture of the two at 100° (Found: equivalent = 232°1. 
(;H,0,Br requires equivalent = 231°0). 

o-Methoxybenzoic Acid.—Salicylic acid having been methylated, 
the crude mixture of salicylic acid and the methoxybenzoic acid was 
dissolved in ammonia and the neutral solution was treated with 
concentrated calcium chloride solution in excess. Calcium salts 
separated on cooling, which were collected, washed, and dissolved 
in hot water., The solution on cooling gave crystals of calcium 
o-methoxybenzoate, and the mother-liquor on evaporation gave a 
further yield. When the deposit gave a violet coloration with ferric 
chloride, indicating that calcium salicylate was separating, the 
process was stopped. The acid was prepared from the calcium salt 
and was crystallised from water [yield, from 100 grams of salicylic 
acid, (1) o-methoxybenzoic acid, m. p. 100°5°, 77 grams; (2) residual 
salicylic acid and o-methoxybenzoic acid, 22 grams]. 

Methyl Ether of Sulphosalicylic Acid, (I1).—This substance was 
obtained by different methods, (A), (B), and (C). 

(A) A mixture of salicylic acid methyl ether (5 grams) and fuming 
sulphuric acid (3 per cent. SO,; 10 c.c.) was kept at 50° for two 
hours. Next day, water was added carefully and the diluted solu- 
tion neutralised with sodium hydroxide. Sodium sulphate crystals 
were removed and the liquid was strongly acidified with hydro- 
chloric acid. An acid sodium salt separated which was recrystal- 
lised and obtained as soft, lustrous needles (yield = 9 grams). 
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(Found: Na=749; H,O = 1744; equivalent = 306°9, 307°. 
C,H,0,SNa,3H,O requires Na = 746; H,O = 17°52 per cent.; 
equivalent = 308°0). 

The acid potassium salt was prepared in a similar way to the acid 
sodium salt and obtained as short needles (Found: K = 12°82; 
H,O = 11°67; equivalent = 304°0, 304:1. C,H,O,SK,2H,0 requires 
K = 12°78; H,O = 11°76 per cent.; equivalent = 306°1). 

The barium salt was prepared from the acid sodium salt by 
neutralisation with ammonium hydroxide solution and addition of 
barium acetate solution in excess. A crystalline precipitate formed 
which was separated, redissolved, and recrystallised. It was obtained 
in minute needles (Found: Ba = 37°34. Cg,H,O,SBa requires 
Ba = 37°39 per cent.). 

The Sulphonic Acid.—A weighed quantity of the barium salt was 
dissolved in boiling water and the equivalent amount of dilute 
_ sulphuric acid was added. The filtrate from barium sulphate, 
evaporated to small bulk on a water-bath, when kept in a desic- 
cator, yielded long, shining needles. The substance is deliquescent 
and melts in the anhydrous state at 152° (Found: equivalent = 
115-4. O,H,O,S requires equivalent = 1160). 

(B) Sulphosalicylic acid was methylated and the product was 
isolated as the acid sodium salt (yield from 50 gramsof C,H,O,S,2H,0, 
56 grams of C,H,0,8Na,3H,0). The acid sodium salt, the acid 
potassium salt, and the barium salt were found on analysis 
to be identical with those obtained by (A). The anhydrous 
sulphonic acid melted at 152°, alone or mixed with the acid obtained 
by (A). 

(C) (i) Preparation of 5-Sulpho-o-tolyl Methyl Ether (I1)—To | 
o-tolyl methyl ether (25 grams), cooled to 10°, fuming sulphuric 
acid (3 per cent. SO,; 45 c.c.) was added in small amounts, with 
shaking, so that the temperature did not rise above 15°, When all 
the acid had been added, the mixture was kept at 15° for fifteen 
minutes and was then carefully diluted with water (200 c.c.). A 
substance separated in microscopic needles, which was collected, 
washed with water, and dried (yield = 2°5 grams). It was insoluble 
in water, but was readily soluble in organic solvents and was obtained 
in long needles, m. p. 138°. The substance, which contains sulphur 
and remains unchanged when boiled with sodium hydroxide solu- 
tion, is reserved for further investigation. 

The filtrate was treated with barium carbonate so as to give the 
barium salt of the acid (II). The sodium and potassium salts 
were also prepared. Each salt was found to have the composition 
given by Bromwell. The sulphonic acid was prepared and found 
to melt at 210° (Bromwell gives m, p. 212°). 
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(C) (ii) Preparation of the Methyl Ether of Sulphosalicylic Acid.— 
The sodium salt of the acid (ITI) (5 grams) and potassium hydroxide 
(05 gram) were dissolved in water (200 c.c.) and solution was 
heated to boiling and treated with a solution of potassium perman- 
ganate (7 grams) in water (200 c.c.). After about five hours the 
colour of the permanganate had disappeared. The solution was 
filtered, and the filtrate evaporated to smal) bulk and acidified with 
hydrochloric acid, when an acid sodium salt identical in com- 
position with that obtained by methods (A) and (B) was obtained. 
Again, the potassium salt of the acid (II) was oxidised, and an acid 
potassium salt was obtained, identical with that given by methods 
(A) and (B). Of these two acid salts, the sodium salt is much the 
less soluble, for it was found by the cobaltinitrite test to be free 
from potassium, although potassium hydroxide and permanganate 
were used in preparing it. 

The Sulphonyl Chloride—A mixture of the anhydrous acid sodium 
salt of the methyl ether of sulphosalicylic acid (I) (15 grams) and 
phosphorus pentachloride (35 grams) was gradually heated and kept 
at near 100° for two hours, the product being then poured into ice- 
cold water (800 c.c.). After about twelve hours, the hydrolysis 
of the —COCI group being complete, the oil had changed to a solid 
mass, which was collected, washed, and dried (14°6 grams). The 
sulphonyl chloride readily dissolves in hot benzene, toluene, or 
chloroform. From solution in toluene it was obtained in transparent, 
well-shaped rhombohedra, m. p. 148°5° [Found: Cl = 1409; 
equivalent (using excess of NaOH solution and titrating back) = 
82°3. C,H,0O,CIS requires Cl = 14:15 per cent.; equivalent (if 
—SO,Cl becomes —SO,H and HCl) = 83°5]. 

2-Methoxybenzoic Acid 5-Sulphonamide. (I1V).—The above sul- 
phony] chloride dissolved in strong ammonium hydroxide solution, 
and on acidification the sulphonamide was precipitated. On purifi- 
cation, it was obtained in long, shining needles melting at 212—213° 
(Bromwell gives m. p. 211°) (Found: equivalent = 231°4. Cale. 
for CgH,O;NS equivalent = 231°0). 

Salicylic Acid 5-Sulphonamide (V).—The sulphonamide (IV) was 
fused with potassium hydroxide, and the sulphonamide (V) 
obtained. The pure substance gave a violet coloration with ferric 
chloride and melted at 230° . Walker gives m. p. 231°. 


Tue MApHAVLAL RANCHHODLAL SCIENCE INSTITUTE, 
AHMEDABAD, INDIA. [Received, May 19th, 1923.] 
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CCX X.—Studies in the Anthracene Series. Part J. 


By Epwarp DE Barry BARNETT, JAMES WILFRED Cook, and 
Marcus AURELIUS MATTHEWS. 


THE centre of activity of the anthracene ring system lies in the 
“ bridge ” bond joining the two meso-carbon atoms, and recently 
(Ingold, T., 1922, 124, 1133; Ingold, Seeley, and Thorpe, this 
vol., p. 853) evidence has been adduced in favour of the view that 
aromatic characteristics in any compound are due to the formation 
of a reactive “‘ bridge ”’ bond in one of the phases of an intra-annular 
tautomeric change. The idea of the “ bridge ” bond is, of course, 
an old one and was originally proposed by Dewar (Proc. Roy. Soc. 
Edin., 1866—1867, 84) in his formula for benzene, and at a later 
date was revived by Baly, Edwards, and Stewart (T., 1905, 87, 
1347) as representing one of the extreme phases of their pulsating 
ring formula, the second extreme showing two meta-bonds and two 
carbon atoms in a transiently tervalent state. Ingold’s formula 
would seem only to differ from that of Baly, Edwards, and Stewart 
by postulating the Kekulé formula as one of the extreme phases 
of the isodynamic change, but whereas according to Baly, Edwards, 
and Stewart the reactivity of the nucleus is due to the transiently 
tervalent carbon atoms, Ingold attributes the reactivity to the 
“bridge” bond. If the “ bridge” bond is the «-ntre of activity 
of an aromatic compound, then the oxidation of a monohydric 
phenol should lead to a p-dihydric phenol, and a phenolic ether 
should behave in much the same way : 


OH fp OH 
71% f™ i 
ih bf. - | 

H OH OH 


Although reactions of this nature take place in some cases, in 
the majority the oxidation product of a phenol is a diphenol, and 
phenolic ethers are usually stable towards mild oxidising agents. 
An alternative explanation, and one which appears to be much 
more in accord with the facts as known at present, lies in the assump- 
tion that the first action of the oxidising agent consists in the 
removal of the phenolic hydrogen atom, leaving a free radicle in 
which the oxygen atom is in the univalent state. Since oxygen 
atoms have but little tendency to unite with one another, these 
radicles do not combine to form a peroxide,* but rather stabilise 


* In the case of mercaptans, owing to the greater tendency of sulphur 
atoms to unite, the product is a disulphide. 
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themselves by changing over into free radicles with tervalent 
carbon atoms, the union of these with subsequent enolisation 
leading to the diphenol : 


H H 
-0-0,H, —> 0:0,H,< —> 0:C,H,’—C,H,:0 —> HO-0,H,-C,H,-OH. 
H 


The conception of univalent oxygen radicles being formed by the 
oxidation of a phenol had previously been suggested by Goldschmidt 
(Ber., 1922, 55, [B], 3194, 3197) to explain the production of very 
reactive substances by the oxidation of guaiacol and quinol mono- 
methyl ethers and phenanthraquinol monomethyl and monoethy] 
ethers, and, previous to this, Pummerer and Frankfurter (Ber., 
1914, 47, 1472), by oxidising hydroxydinaphthylene oxide, obtained 
a product which behaved towards quinol as if in solution it passed 
rapidly from a univalent oxygen radicle to a tervalent carbon 


radicle : 
\/\ aS 
LA) LA /2 
oA _ 6A 
AS OU, 


Strong support of the above view of the mechanism of the oxidation 
of the phenols would be afforded by the isolation of the ketonic 


4 product which must be supposed to be formed by the union of the 


tervalent carbon radicles. In the benzene and naphthalene series 
this has not been achieved, probably owing to the very slight 
tendency of the phenols to assume the ketonic form. In the 
anthracene series, however, the case is different, as anthrone and 
anthranol are distinct substances, and dianthrone (I) and dian- 
thranol (II), although interconvertible, are only so with difficulty. 
Anthranol on oxidation invariably gives dianthrone, the enolic 
dianthranol never being obtained. In view of the comparative diffi- 
culty with which dianthranol is ketonised—prolonged boiling with 
an alcoholic solution of hydrogen chloride is necessary—it is very 
improbable that the dianthrone is a secondary product formed by 
the ketonisation of dianthranol, especially as dianthrone remains 
the sole product even when the oxidation is carried out under 
conditions which favour the enolic form, for example, in pyridine 
solution. Also dianthranol is very easily oxidised to dianthra- 
quinone (III), for example, by mercuric acetate in cold pyridine 
solution, but no matter how much oxidising agent is used, dianthra- 
quinone is never obtained by the direct oxidation of anthranol. 
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Co ¢-OH CO 
OH OH, OH | DO, CHK >O oH, 
CH ‘ 6 
| lI 
CH C 
CoH SCH, CHC SoH, CoH DOH, 
CO C-OH SO 
(1.) (II.) (III.) 


On the assumption that the first action of an oxidising agent on a 
phenol consists in the removal of the phenolic hydrogen atom, 
the behaviour of anthranol on oxidation appears perfectly normal, 
and, of course, this view also explains why anthrany] ethers are only 
oxidised under conditions which lead to their dealkylation. 


C-OH C-0- CO 
(IV.) CH SoH, wi CH) SCH, —> CH >C.H, —> (1) 
CH CH CH 


The oxidation of a p-dihydric phenol to a p-quinone, for example, 
quinol to benzoquinone, anthraquinol to anthraquinone, dianthranol 
to dianthraquinone, etc., is probably due to a similar transient 
formation of a univalent oxygen radicle, although in these cases 
stabilisation takes place through the formation of a quinonoid 
structure, the reactions being exactly analogous to the formation 
of a quinonoid hydrocarbon by the action of metals on ww’-dichloro- 
www'w’-tetraphenyl-p-xylene : 


HO-C,H,OH —> —0O-C,H,O— —> 0:C,H,{0. 
CPh,Cl-CgH,CPh,Cl —> Ph.C-CgHyCPh, —> Ph,C:C,H,:CPh,. 


This explanation of the oxidation of p-dihydric phenols to quinones 
is more rational than that put forward by Ingold (loc. cit.) in which 
addition of hydroxy] groups to the “ bridge ” bond and subsequent 
loss of water is assumed to take place : 


HO-C,H,OH —> (HO),C,H,(OH), —> O:C,H,‘0. 


Further support of the above mechanism of the oxidation of anthr- 
anol would be furnished if evidence could be obtained of the transient 
existence of the anthronyl! radicle and its passage into dianthrone. 
Certain evidence of this nature has recently been published by two 
of us [Barnett and Matthews (loc. cit.)] and this work is being 
extended by a general investigation of anthrone derivatives. For 
the present it will suffice to cite two further instances, namely, 
the ease with which bromoanthrone and nitroanthrone pass into 
dianthrone. Thus both substances, when warmed with dilute 
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solutions of hydriodic acid, cause an immediate liberation of iodine 
and pass into dianthrone, and bromoanthrone fails to react normally 
with either ethyl sodioacetoacetate or magnesium phenyl iodide, 
in both cases dianthrone being almost the sole product of the 
reaction. Bromoanthrone also passes very easily into dianthrone 
on treatment with hydrogen sulphide. 

Probably substitution reactions in the aromatic series are to be 
regarded as addition followed by loss of halogen hydride, or of 
water in the case of nitration or sulphonation. In the benzene 
and naphthalene series, the additive compounds which are to be 
regarded as the primary products of the reaction are too unstable 
to be isolated, but in the anthracene series such compounds are 
much more stable and can frequently be obtained in the pure state. 
Thus Perkin (Chem. News, 1876, 34, 144; Bull. Soc. chim., 1877, 
[ii], 27, 464), by treating anthracene with bromine or chlorine at 
alow temperature, ob‘ained dihalides which at the ordinary tem- 
perature rapidly lost halogen hydride and passed into 9-bromo- 
(or chloro)anthracene. At a later date, Meisenheimer and Con- 
nerade (Annalen, 1904, 330, 133; compare Dimroth, Ber., 1901, 
34, 221) obtained the acctate, nitrite, and chloride of an additive 
compound of anthracene and nitric acid and described a convenient 
method of preparing 9-nitroanthracene by loss of halogen acid 
from the chloride. 

The relative stability of these dihydroanthracene derivatives 
and the ease with which many of them are formed render anthracene 
a particularly suitable compound for the study of the mechanism 
of substitution reactions. Some preliminary work has already 
been published (Barnett, Cook, and Grainger, T., 1922, 121, 2059) 
and it is proposed to extend this work as soon as suitable methods 
for preparing substituted anthracene derivatives have been devised. 
The present communication deals with some preliminary work 
on the re-establishment of the “ bridge ” bond. 

In the case of chloronitrodihydroanthracene (V), re-establishment 
of the “ bridge ” bond might take place either by loss of hydrogen 
chloride with the production of nitroanthracene, or by the loss of 
nitrous acid with the production of chloroanthracene. As might 
be expected, the former reaction is the one which takes place 


HCCI HC-OAc HC-OH HC-OMe 
CH DCH CHK CoH, CoH Ooi, CH DOH, 
HG-NO, HG-NO, HG-NO, HG-NO, 
(V.) (VI.) (VII). (VIIL.) 


exclusively. In the case of the corresponding acetate (VI), re- 
establishment of the “ bridge” also takes place exclusively by loss 
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of acetic acid, and in no case has it been possible to detect any trace 
of anthranyl acetate in the product. The ease with which this 
acetate parts with acetic acid in contact with suitable reagents 
is remarkable, as although it can be dried on the water-bath and 
recrystallised from boiling benzene without appreciable decomposi. 
tion, it is rapidly and quantitatively converted into nitroanthracene 
by cold pyridine, and in this way resembles the chloride (Barnett, 
Cook, and Grainger, loc. cit.). 

In the case of nitrodihydroanthranol itself (VII), the “ bridge ” 
might be re-established in three ways, namely, by loss of nitrous 
acid and formation of anthranol (IV), by loss of water and formation 
of nitroanthracene, or by loss of nitric acid and formation of anthra- 
cene itself. Unfortunately, nitrodihydroanthranol is too unstable 
to be isolated and its reactions could only be examined by studying 
the behaviour of the acetate or chloride on hydrolysis under different 
conditions. In both cases attempts to effect the hydrolysis by 
means of an alkali led only to nitroanthracene owing to loss of § 
hydrogen chloride or acetic acid before hydrolysis could take place. 
If, however, the hydrolysis were effected in acid solution, the pro- 
duct was dianthrone (I), scarcely any nitroanthracene being 
produced. 

The direct preparation of dianthrone by the action of nitric acid 
on anthracene (Dimroth, loc. cit.; Barnett and Matthews, this vol., 
p. 380) is obviously. due to this reaction, and as nitrous acid oxidises 
anthranol very easily to dianthrone it at first seemed probable 
that the mechanism of the reaction consists in loss of nitrous acid 
and immediate oxidation by this of the anthranol formed. If 
this be the case, anthranol, or rather its ketonic tautomeride, 
anthrone, ought to be obtained by carrying out the hydrolysis 
under such conditions that the nitrous acid is destroyed as rapidly 
as formed. Hydriodic acid seemed to be a suitable reagent for 
this purpose, as it was found that, under the experimental conditions 
employed (acetic acid solutions heated on the water-bath), anthrone 
is not reduced by hydriodic acid and is not oxidised to any appreci- 
able extent by iodine. The hydrolysis of the acetate or chloride 
by hydriodic acid takes place very readily with the instantaneous 
liberation of iodine, but the product is not anthrone but anthracene. 
It therefore follows that in the case of nitrodihydroanthranol the 
re-establishment of the “bridge” bond must take place by loss 
of nitric acid, and that the production of dianthrone must be due 
to the direct oxidation of anthracene by nitric acid. That dianthrone 
can be formed by the direct oxidation of anthracene is well known, 
and dianthrone is sometimes present in commercial samples of 
anthraquinone (D.R.-P. 340, 592). Satisfactory yields, however, 
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are obtained only by the decomposition of nitrodihydroanthranol, 
so that it would seem probable that oxidation takes place most 
easily when the anthracene is, so to speak, in the nascent state. 

It seemed probable that in the case of the ethers of nitrodihydro- 
anthranol re-establishment of the “ bridge ’ bond would take place 
by loss of nitrous acid and the formation of an anthranyl ether. 
In the case of the methyl] ether (VIII) this is not so, as both alkali 
and cold pyridine cause an immediate loss of methyl alcohol and 
production of nitroanthracene in quantitative yield. 

K. H. Meyer and Sander (Annalen, 1913, 396, 150) obtained 
nitroanthrone (X) in 80 per cent. yield by nitrating anthrone in 
aetic acid suspension. The mechanism of this reaction may consist. 
in the addition of nitric acid to the enolic anthranol (IV), and sub- 
sequent loss of water from the resulting gem.-dihydroxy-compound 
(IX), although no additive compound can be isolated. 


HO-C-OH Co HO-C-OR 
av.) > CHC DCH, op CHC >CH, CoH CoH, 
HNO, HONO, HG-NO, 
(IX.) (X.) (XI.) 


In view of the great ease with which anthranol is oxidised it is 
rather surprising that no dianthrone is produced by a side reaction 
ifthe above mechanism is correct. In order to test this theory 
of the formation of an additive compound, the nitration of anthranyl 
methyl and ethyl ethers was studied, as in these cases it seemed 
possible that the additive compounds (XI) might be isolated as 
sich or as their acetates. In neither case could any additive com- 
pound be obtained, the reaction leading to a mixture of nitro- 
anthrone and dianthrone in the ratio of approximately 2:1. The 
production of nitroanthrone is easily explicable on the assumption 
that the hypothetical additige compound (XI) at once loses alcohol. 
The production of dianthrone together with a little anthraquinone 
pints strongly to a side reaction taking place in which anthranol 
is oxidised, and this is easily accounted for when it is remembered 
that the anthranyl ethers are very easily dealkylated by acids. 
The fact that dianthrone is formed during the nitration of the 
anthranyl ethers, but is not formed during the nitration of anthrone 
itself, renders it somewhat improbable that in the latter case nitra- 
tion takes place through the enolic anthranol. 

In dibromodihydroanthracene (XII) the tendency to re-establish 
the “ bridge” bond is very great, so that 9-bromoanthracene is 
formed at the ordinary temperature. In spite of this, pyridine 
lads to a dipyridinium salt (XIII), and the same compound is 
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formed when anthracene is treated simultaneously with pyridine 
and bromine (Barnett and Cook, T., 1921, 119, 901), although 
this on warning with pyridine gives anthranylpyridinium bromide 
(XIV) with re-establishment of the “ bridge” bond. 


HOBr HO-NBr(C,H,) C-NBr(O,H,) 
CHC DCH OH Ody CHC | CoH, 
OH 


HGBr HG-NBr(C;H;) 
(XIL.) (XIIL.) (XIV.) 


From 9-nitroanthracene, a dibromide (XV) cannot be isolated, 
although this probably has a transient existence, since nitro- 
anthranylpyridinium bromide (XVI) is readily obtained by treating 
solutions of nitroanthracene in pyridine with bromine, and _nitro- 
anthracene on bromination in other solvents loses its nitro-group 
and passes into dibromoanthracene (XVII). 


C-NO, BrO-NO, CBr 
CHC | CH, <— CH DOH, > CHK SCH, 

C-NBr(C;H;,) HCBr CBr 

(XVI.) (XV.) (XVIL.) 


Here the tendency to re-establish the “ bridge’ is very great and 
takes place in two directions, according to the experimental con- 
ditions. Obviously the nitro-group stabilises the “ bridge ” bond, 
and this is confirmed by the fact that 9: 10-dinitroanthracene 
will not react with bromine, and is in general harmony with the 
decreased reactivity of the nucleus in almost all aromatic compounds 
containing a nitro-group. 

In the case of anthranol (IV) the hydroxyl group would be 
expected to increase the reactivity of the “ bridge” bond, and the 
great ease with which anthrone is brominated may be due to addition 
taking place to the enolic (anthranol) form with subsequent loss 
of hydrogen bromide from the gem.-halohydrin, but the possibility 
that the reaction is one of the direct replacement of a mobile hydro- 
gen atom is not excluded : 


HO-CBr co 
(IV.) —> CHK SCH, —_ CHK OH, (XVIIL.) 
HCBr HCBr 


When the bromination is carried out in the presence of pyridine, 
the reaction is more complicated owing to the possibility of simul- 
taneous oxidation taking place, and if the calculated amount of 
bromine (1 gram mol.) is used the product will be an insoluble 
nitrogenous substance of unknown constitution. By employing 
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only half the calculated amount of bromine, however, it is possible 
to. obtain anthronyl (or hydroxy-anthranyl)-pyridinium bromide, 
although a considerable quantity of dianthrone is always formed at 
the same time. This bromide is identical with the product obtained 
by the action of pyridine on bromoanthrone (XVIII) and there is 
no method of ascertaining the mechanism of its formation. 

In the case of the anthranyl ethers, oxidation does not take 
place and hence the reaction is simpler, the calculated amount of 
bromine leading to alkoxypyridinium salts (XX). In these cases 
the reaction must consist, in the first place, in addition (XIX), 
as the bromoanthranyl ethers do not undergo pyridinium salt 
formation. 

BrC-OR C-OR 
(XIX.) CH >CH, CHC OH, (XX.) 
HCBr C-NBr(C,;H;) 


EXPERIMENTAL. 
Derwwatives of Nitrodihydroanthranol. 


Acetate (V1).—The preparation of this compound can be consider- 
ably simplified by substituting fuming nitric acid (d 1°50; 18 grams 
for 50 grams of anthracene) for the more dilute acid recommended 
by Meisenheimer and Connerade (loc. cit.), and taking care to main- 
tain the temperature below 30° during the reaction. The required 
acetate crystallised from the filtered solution after twelve hours, 
and, after being washed with acetic acid and water, was dried at 
100°. The slightly yellow crude product separated in colourless 
crystals (25 grams) from a mixture of benzene and ether or of chloro- 
form and light petroleum. Dianthrone (25 grams) was obtained 
by heating the acetic acid liquors from the preparation. 

A solution of the acetate in alcohol or methyl ethyl ketone is 
yellow, but darkens on warming owing to formation of nitro- 
anthracene. This compound was also readily obtained by dis- 
solution of the acetate in cold pyridine, and was identified by its 
melting point, 146—147°, which was not depressed when the product 
was mixed with an authentic sample. The same result was obtained 
by triturating the acetate with cold dilute aqueous sodium hydroxide 
solution. 

The hydrolysis with sulphuric acid was effected on the water- 
bath by slowly adding the acetate (10 grams) to 75 c.c. of glacial 
acetic acid containing 5 c.c. of concentrated sulphuric acid and 10 c.c. 
of water. Torrents of nitric oxide were evolved. After dilution, 
the solid was digested with a hot alkaline solution of sodium hypo- 
sulphite, and after recrystallisation from xylene was identified as 
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dianthrone by its conversion into dianthranol and the oxidation 
of this to dianthraquinone, and also by its reduction to anthrone. 

The hydrolysis with hydriodic acid was carried out by slowly 
adding the acetate 5 grams to glacial acetic acid 50 c.c. and hydriodic 
acid (7d 1°7; 10 c.c.), the whole being warmed on the water-bath 
and a current of carbon dioxide passed through the flask to remove 
oxides of nitrogen. Iodine was liberated at once and after five 
minutes the whole was cooled and the precipitate washed with a 
hot concentrated solution of potassium iodide to remove free iodine, 
The residue was recrystallised from pyridine and identified as 
anthracene by the method of mixed melting points. 

Chloride (I1).—This was prepared by the methods given in the 
literature and was recrystallised from benzene. The hydrolysis 
with sulphuric and hydriodic acids, and the identification of the 
resulting products was effected as described above. 

Methyl Ether (V1).—This was obtained by boiling the nitrite 
with methyl alcohol (Meisenheimer and Connerade, loc. cit.). It 
was instantly converted into nitroanthracene by cold pyridine, 
and also by aqueous sodium hydroxide. 


Derivatives of Anthranol. 


Alkyl Ethers—The preparation of the methyl and ethyl ethers 
is more readily effected by means of methyl and ethyl toluene-p- 
sulphonate than by the alkyl sulphate (K. H. Meyer and Schlosser, 
Annalen, 1921, 420, 128). Anthrone (50 grams) was boiled under 
reflux with 350 c.c. of alcohol, and the boiling solution treated 


alternately with small quantities of 30 per cent. aqueous sodium © 


hydroxide (100 c.c. in all) and technical methyl toluene-p-sulphonate 
(in all, 90 grams dissolved in 50 c.c. of warm alcohol). After the 
whole of the ester and alkali had been added, the boiling was con- 
tinued for forty minutes and the solution then cooled and poured 
into a large volume of water. The resulting precipitate was digested 
with an alkaline solution of sodium hyposulphite and recrystallised 
from alcohol. It then melted at 97—98°, alone or when mixed 
with a sample made by the methyl sulphate method (K. H. Meyer 
and Schlésser give the melting point as 94°). The yield of the pure 
product was 31 grams. 
. The ethyl ether was obtained in the same way, but very much 
better yields were obtained if potassium hydroxide was used (40 
grams of anthrone, 200 c.c. of alcohol, 110 grams of technical ethyl 
toluene-p-sulphonate, and 20 c.c. of a 50 per cent. aqueous solution 
of potassium hydroxide diluted with 80 c.c. of alcohol). The ether 
separated from the hot liquor on cooling, and, after treatment with 
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, hot alkaline solution of sodium hyposulphite, was purified by 
recrystallisation from slightly aqueous acetone. 

Both ethers are very easily dealkylated by acids, warming on 
the water-bath for two to three minutes with acetic acid containing, 
a few drops of sulphuric acid leading to complete hydrolysis. For 
this reason, both ethers are readily oxidised to dianthrone by boiling: 
with ferric chloride in acetic acid solution. They are not, however, 
oxidised by mercuric acetate in pyridine solution * even on pro- 
longed boiling, although this oxidising agent at once converts 
anthrone into dianthrone even in the cold. 

The nitration of these ethers was effected by suspending or 
dissolving 10 grams in 40 c.c. of glacial acetic acid and then slowly 
adding exactly one molecular proportion of concentrated nitric acid 
(d 1:42), diluted with five times its volume of glacial acetic acid. 
After keeping for two hours, the yellow solid was washed with 
acetic acid and water and then boiled with about 600 c.c. of a 3 per 
cent. solution of sodium hydroxide. The deep red solution was 
filtered into excess of dilute acetic acid, and the precipitated nitro- 
anthrone washed and dried. It was found that 7°6 grams of the 
crude nitration product gave 4:1 grams of nitroanthrone. The 
nitroanthrone was purified by recrystallisation from carbon disul- 
phide and after being washed with ether formed colourless needles 
which on heating decomposed with violent evolution of gas at 146°. 
The identification was completed by comparison with a sample of. 
vitroanthrone made by a different method, and by the preparation: 
of nitroanthranyl acetate. This acetate was very easily obtained’ 
by adding acetic anhydride to a cold solution of nitroanthrone: 
in pyridine. After a few minutes, the deep red colour of the solu- 
tion turned to yellow and the acetate was then precipitated by the 
addition of water. After recrystallisation from a mixture of chloro- 
form and light petroleum, it melted at 182—184°. Samples of 
the acetate made from nitroanthrone prepared either by the nitra- 
tion of anthrone or of methyl or ethyl anthrany] ether all melted at 


the same temperature, either alone or when mixed with one another. 


* The use of this oxidising agent does not seem to have been described 
previously, although it is a very convenient one for some purposes, oxidation 
taking place with the precipitation of metallic mercury. It at once oxidises 
danthranol to dianthraquinone, but has no action on formaldehyde, benz- 
dehyde, tartaric acid, and most monohydric phenols. 

+ K. H. Meyer and Sander (Annalen, 1913, 396, 150) give the m. p. as 
136—137°, and Meisenheimer and Connerade (loc. cit.) as 148°. Several 
samples, prepared both by the above method and by the direct nitration of 
anthrone, were found to decompose sharply at 146°. The decomposition does 
hot appear to be accompanied by melting, but the evolution of gas is so violent 
that the material is projected from the capillary tube. 

3Y2 
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The portion of the nitration product which was insoluble in sodium 
hydroxide was digested with an alkaline solution of sodium hypo. 
sulphite, and after recrystallisation from xylene was identified a; 
dianthrone by the usual means. The yield was 2 grams from 74 
grams of the crude nitration product. 

Methoxyanthranylpyridinium Bromide.—Bromoanthranyl methy! 
ether does not react with pyridine to give a quaternary salt, but 
such a salt is readily obtained by the combined action of bromine 
and pyridine on anthranyl methyl ether. Bromine (2°5 c.c,), 
dissolved in pyridine (15 c.c.), was slowly added to a solution of 
anthranyl methyl ether (10°4 grams) in pyridine (25 c.c.), the whol 
being stirred and cooled in a freezing mixture. After two hours, the 
solid was collected, washed with pyridine and with ether, and purified 
by recrystallisation first from very dilute hydrobromic acid and then 
from a mixture of alcohol and ether, but satisfactory figures could 
not be obtained on analysis, as the bromide is hygroscopic and retains 
moisture very obstinately. It was therefore converted into the 
picrate (golden-yellow needles, m.p. 183—185°) and this was recrys- 
tallised from a large volume of boiling water (Found: N = 104. 
CogH,,0,N, requires N = 10°9 per cent.). 

The bromide appears to have no melting point, but commences to 
decompose at about 195°. It is sparingly soluble in cold, but easily 
soluble in hot water, and its aqueous solutions give no colour when 
boiled with ammonia. With sodium hydroxide, however, a red 
precipitate is formed at about 80°. It is easily demethylated by 
hydrochloric acid. 

Ethoxyanthranylpyridinium Bromide—This was prepared in 
the same way as the methoxy-compound, but as the bromide 
remained dissolved in the pyridine it was isolated by pouring the 
solution into dilute hydrobromic acid, and was then recrystallised 
first from hot water and then from a mixture of alcohol and ether. 
The resulting faintly yellow, crystalline powder darkened at 205 
and melted rather indefinitely at 215°. Owing to its hygroscopic 
nature, satisfactory analytical figures could not be obtained. It 
was therefore converted into the picrate (golden-yellow needles, 
m. p. 187—189°) and this recrystallised from a large volume of 
boiling water (Found: N = 10°5. C,;H90,N, requires N = 106 
per cent.). The bromide behaves exactly like the corresponding 
methoxy-bromide, but the red precipitate with sodium hydroxide 
is formed somewhat more easily, namely, at about 50°. Neither 
compound is fluorescent in spite of the presence of the “ bridge” 
bond, thus confirming the opinion already expressed (Barnett, 


Cook, and Grainger, Joc. cit.) that the pyridinium group acts as af} 


bathoflore. 
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Hydroxyanthranyl (or Anthronyl)-pyridinium Bromide.—Bromine 
(I'25 c.c., 0°5 gram mol.) in pyridine (10 c.c.) was slowly added 
to anthrone 10 grams in pyridine (25 c.c.), the whole being cooled in a 
m 768 freezing mixture. After keeping over-night, the solid was washed 

with a little pyridine and then extracted with hot dilute hydro- 
nethyl bromic acid. The insoluble portion was recrystallised from xylene 
t, but f and identified as dianthrone by the usual method. The hot hydro- 
omine § bromic acid extract on cooling deposited orange-coloured crystals, 
_¢¢.), Bf which were recrystallised first from dilute hydrobromic acid and 
100 off then from a mixture of alcohol and ether. They then melted 
Whole § 9+ 187—189°, and direct comparison showed them to be identical 
ms the § with the bromide obtained by treating bromoanthrone with pyridine 
irified (Barnett, Cook, and Grainger, loc. cit.). 
lthenf If in the above preparation a whole molecular proportion of 
could bromine were used, the product was an insoluble nitrogenous 
etais # substance which was very difficult to purify and was not further 
o the f examined. 


— Dianthranyl Dimethyl Ether. 


Dianthrone (10 grams) was enolised by boiling under reflux for 
ces tof twenty minutes with 100 c.c. of alcohol and 10 c.c. of 30 per cent. 
easily] aqueous potassium hydroxide. To the boiling solution alternate 
when § additions of small quantities of technical methyl toluene-p-sulphon- 
» red ate (in all, 30 grams, dissolved in 30 c.c. of warm alcohol) and 
d by§ potassium hydroxide (in all, 25 c.c. of a 30 per cent. aqueous solution) 
were made, and the whole was finally boiled for a further period 
1 inf of thirty minutes. After cooling, the solid was washed with 
mide alcohol and then extracted with boiling water. The yield of the 
y the crude product was 10 grams, and by a single recrystallisation from 
ised] @ mixture of benzene and light petroleum it was obtained in almost 
ther.§ colourless crystals which melted at 245°. After a further recrystal- 
205°§ lisation from acetic acid the melting point rose to 247°. This method 
copicf 8 More convenient than that described by H. Meyer (Monatsh., 
. It§ 1909, 30, 165) in which methyl sulphate is employed. Dianthranyl 
dies, dimethyl ether is much more stable than anthranyl methyl ether 
e off and is not demethylated by boiling with hydrochloric acid in acetic 
106§ aid solution. Boiling with anhydrous ferric chloride in acetic acid 
ding§ solution, however, effects demethylation and at the same time 
xidef Oxidation to dianthraquinone. 


ge” Conversion of Nitroanthrone and Bromoanthrone into Dianthrone. 


(2) Nitroanthrone (1°5 grams) was suspended in 10 c.c. of glacial 
“acetic acid, and 3 c.c. of hydriodic acid (d 1°7) were added. On 


heating, iodine was liberated at once. After boiling for two to 
. 
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three minutes, the whole was cooled and the solid washed with 
acetic acid. After digestion with hot alkaline hyposulphite soln. 
tion, the product was recrystallised from xylene and identified 4; 
dianthrone. 

(b) Bromoanthrone * in acetic acid suspension was treated with 
hydriodic acid under conditions similar to those described above, 
The product was dianthrone, no anthrone or anthraquinone being 
formed. 

(c) Bromoanthrone (5 grams) was suspended in 25 c.c. of glacial 
acetic acid, and hydrogen sulphide passed through the liquid while 
the temperature was slowly raised to the boiling point, which was 
maintained for ten minutes. The product was dianthrone and 
contained neither anthrone nor anthraquinone. 

(d) Bromoanthrone (5:5 grams) was added to a solution of ethyl 
sodioacetoacetate (1 gram mol.) in anhydrous alcoholic solution 
and the whole boiled under reflux for ten minutes. The solid 
deposited from the cooled solution was digested with an alkaline 
solution of sodium hyposulphite. After recrystallisation from xylene 
it was identified as dianthrone. 

The alcoholic liquors on dilution with water gave only a very 
smal] amount of a brown resinous substance. 

(e) Bromoanthrone (1 gram mol.) was added to magnesium phenyl 
iodide (1 gram mol.), prepared in the usual way. After keeping 
for two hours, the pale yellow solid was triturated with water and 
then extracted with boiling alcohol to remove a little anthrone. 
Traces of anthraquinone having been extracted in the usual] manner, 
the residue was found to be dianthrone. 


Action of Phosphorus Pentachloride on Anthrone. 


By treating anthrone with phosphorus pentachloride, Padova 
(Compt. rend., 1909, 149, 217) obtained a product which melted 
at 298—300°, and as he stated that it contained neither phosphorus 
nor chlorine the view was expressed by one of us (Barnett, “‘ Anthra- 
cene and Anthraquinone,” 1921, p. 98) that it was probably di- 
anthranyl. Recently, however, it has been found (Barnett and 
Matthews, loc. cit.) that dianthranyl does not melt at 360°, and 
therefore it was considered desirable to prepare some of Padova’ 
product and examine it. Padova gives no experimental details 
and therefore the action of phosphorus pentachloride on anthrone 


* In brominating anthrone it is quite unnecessary to use sufficient carbon 
disulphide to dissolve the whole of it, excellent results being obtained by adding 
bromine to 100 grams of anthrone suspended in 300 c.c. of carbon disulphide. 
About 25 c.c. of bromine are required, but quite a sharp end-point can be 
detected when sufficient has been added. 
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without a solvent, and also in the presence of benzene and pyridine, 
was examined. 

(a) Anthrone (10 grams) and phosphorus pentachloride (20 grams) 
were heated on the water-bath for about sixteen hours until no 
more hydrogen chloride was evolved. The product was well washed 
with water and recrystallised twice from methyl ethyl ketone. 
It then formed long, yellow needles, which contained chlorine and 
melted at 209—210° alone or when mixed with dichloroanthracene. 
A similar result was obtained when the reaction was carried out in 
benzene solution. 

(6) Anthrone (10 grams) was dissolved in hot pyridine (50 c.c.) 
and the solution cooled and treated with 4°5 grams of phosphorus 
pentachloride. After being heated on the water-bath for thirty 
minutes, the whole was poured into a large volume of cold water, 
and the solution acidified with hydrochloric acid. After being 
washed with boiling alcohol and cold ether, the solid was twice 
recrystallised from pyridine and then formed a slightly yellow, 
crystalline powder which melted and decomposed at 303°. It 
contained phosphorus but no chlorine, and as it gave anthrone 
on hydrolysis it was probably anthranyl phosphate (Found : 
P= 6°10. CO,yH,,0,P requires P = 4-96 per cent.). 

Anthrone, after being heated with phosphorus trichloride in 
pyridine solution, was recovered almost unchanged. 


Summary. 

(i) Experiments have been carried out on the re-establishment 
of the “ bridge ” bond when a dihydroanthracene derivative passes 
into an anthracene derivative. 

(ii) Improved methods for the preparation of the alkyl ethers 
of anthranol have been worked out, and their behaviour towards 
nitric acid and towards pyridine and bromine studied. 

(iii) It has been found that nitroanthrone and bromoanthrone 
pass very easily into dianthrone in the presence of certain reducing 
agents, and that bromoanthrone does not react normally with either 
ethyl sodioacetoacetate or magnesium phenyl iodide. 

(iv) The probable mechanism of the oxidation of the phenols 
has been discussed and evidence collected which points to the first 
action consisting in the removal of the phenolic hydrogen atom. 

(v) The action of phosphorus pentachloride on anthrone has been 
found to lead to 9 : 10-dichloroanthracene or trianthranyl phosphate 
according to the experimental conditions employed. 
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CCX XI.—The Relative Influences of Water Vapour and 
Hydrogen upon the Explosion of Carbon Monoxide- 
Air Mixtures at High Pressures. 


By Witu1am A. Bonz, DuptEy M. Newirt, and DonaLp 
T. A. TOWNEND. 


Introduction. 
In two papers which have recently been contributed to this Journal 
by H. B. Dixon and N. S. Walls (this vol., p. 1025) and W. Payman 
and R. V. Wheeler (ibid., p. 1251), respectively, reference has been 
made to the results of a series of experiments carried out by one 
of us in conjunction with the late W. A. Haward, concerning the 
influence of hydrogen upon the explosion of normal carbon 
monoxide-air mixtures (2CO + O, + 4N,) in our bomb apparatus at 
initial pressures of 50 atmospheres (Proc. Roy. Soe., 1921, [A], 100, 76). 

In those experiments it was shown that the replacement of even 
a small proportion of the carbon monoxide by its volumetric 
equivalent of hydrogen had a peculiar accelerating influence upon 
the pressure development in the explosion, which was disproportion- 
ate toits amount. Moreover, on p. 83 of Bone and Haward’s paper, 
it was said that their experiments “seem to point to hydrogen 
being even more potent than its equivalent of steam as a promoter 
of the combustion of carbon monoxide (although this is a matter 
needing further investigation), and they suggest that its primary 
function is to resolve continuously the inert O, molecule into an 
‘active’ oxidising condition (that is, into O atoms and ‘acti- 
vated ’ OH,), itself being continuously regenerated.” 

In Payman and Wheeler’s recent paper (loc. cit.), experiments 
are described on the relative effects of hydrogen and water vapour 
upon the speed of uniform movement of flame through a mixture 
of carbon monoxide and air ignited in an open glass tube (2°5 cm. 
in diameter and 4 m. long) at atmospheric pressure. Such experi- 
ments have led those authors to conclude that “ moisture is more 
effective than hydrogen in promoting the combustion of carbon 
monoxide,” 
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Although at first sight there may seem to be a contradiction 
between their results and those obtained in the Bone-Haward 
experiments, yet a closer examination of the matter will show that 
both sets of experimental results are correct, the seeming discrepancy 
between them being entirely due to the widely different conditions 
under which they were obtained. And here it may be pointed out 
how great is the difference between conditions of our high-pressure 
bomb experiments and those prevailing in experiments upon the 
propagation of flame through combustible mixtures at ordinary 
pressures. 

It is well known that H. B. Dixon showed many years ago how 
the speed at which detonation is propagated through a mixture of 
200+ O, at atmospheric pressure is considerably influenced by 
the amount of water vapour present, the optimum condition being 
found to correspond with a saturation of the mixture with water 
vapour at about 35°. Under such conditions, the speed recorded 
was 1738 metres per second, as compared with 1305 metres per 
second for the “dried” mixture, and with 1264 metres per second 
for the ‘‘ well-dried ’”’ mixture. Payman and Wheeler have recently 
found that the optimum condition for the propagation of inflam- 
mation through carbon monoxide-air mixtures containing between 
40 and 45 per cent. of combustible gas is reached at a similar degree 


| of saturation. In other words, it would seem that the effect of 


water vapour on the speed of the flame at ordinary pressures, 
whether in the initial stage of inflammation or after detonation has 
been developed, reaches the maximum when about 6 per cent. of 
water vapour is present. Moreover, both Dixon and Wheeler’s experi- 
ments show that in the combustion of carbon monoxide at ordinary 
pressures the difference between the speeds for a “ dried ” mixture 
and one containing the optimum quantity of water vapour is very 
considerable. 

In the course of the further experiments upon the explosion of 
carbon monoxide-air mixtures at high pressures, which we have 
carried out since Haward’s untimely death, we discovered a new 
factor which operates very powerfully under such conditions, but 
which is practically non-existent at ordinary pressures, namely, 
the energy-absorbing function and “ activation” of nitrogen in the 
combustion of carbon monoxide (Proc. Roy. Soc., 1923, [A,] 103, 205) ; 
and it is to circumstances connected with the operation of this 
hitherto unsuspected factor that the apparent discrepancy in 
question between low-pressure and high-pressure experiments is 
to be ascribed. 

In the present paper we propose, in the first place, to describe 
some of the experiments which have led us to believe that water 


vapour has a smaller influence than hydrogen upon ee rate of 
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pressure development in our carbon monoxide-air experiments, 
and then to direct attention to certain features of the Bone-Haward 
experiments which seem to us to be of significance in connexion 
with the mechanism of the combustion of carbon monoxide. 


The Influence of Moisture upon the Explosion of Normal Carbon 
Monoxide—Air (2CO + O, + 4N,) Mixtures at High Pressures. 


In the course of our recent experiments, in which normal carbon 
monoxide-air (2CO + O, -+ 4N,) mixtures were exploded in our 
bomb apparatus at initial pressures of 50 atmospheres, we endea. 
voured to determine for our own information what influence (if any) 
considerable variations in the amount of moisture initially present 
in the system would have upon the rate of development of pressure 
energy during the combustion. And as the results of these par. 
ticular experiments were not included amongst those published in 
our recent Royal Society memoir, we think it opportune to publish 
them now, especially in view of those obtained with carbon 
monoxide-air mixtures at atmospheric pressures by the other 
workers referred to. 

The experiments were undertaken with the idea that, inasmuch 
as our researches up to then had disclosed the powerful influence 
of nitrogen activation upon carbon—monoxide air explosions at 
such high pressures (which is, as we have recently found, almost 
negligible at ordinary pressures), water vapour might possibly be 
found to play a relatively subordinate part in the rate of develop- 
ment of pressure energy; and the experiments now to be described 
have shown this anticipation: to be correct. 

Seeing our bomb apparatus and experimental method have so 
recently been described in our Royal Society memoir (q.v.), the 
reader may be referred to it for details of the same. It will suffice 
for our present purposes to specify the particular conditions under 
which the experiments referred to herein were carried out, and to 
reproduce on a reduced scale some of the pressure—time curves 
obtained in them. We may say, however, that no small-scale 
reproductions such as are possible with a paper of this sort can convey 
a really adequate idea of the factors operative in our experiments; 
these can only be properly judged after a careful study of the actual 
photographic records themselves. Moreover, it should be under- 
stood that what these time—pressure records show chiefly is: (1) 
the rate at which the potential energy of the explosive mixture 
fired is transferred into kinetic (pressure or temperature) energy 
of the products; (2) the ratio of the maximum pressure attained on 
explosion to the initial pressure at which the mixture was fired, 
and (3) the rate of the subsequent cooling. 

Also it should be borne in mind that the experiments recently 
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published in our Royal Society memoir have shown conclusively 
that the considerable time lag which is always observed in the 
attainment of maximum pressure when normal carbon monoxide- 
air mixtures are exploded in our bomb apparatus at high pressures 
js due in no way to any inherently slow-burning property of 
carbon monoxide, but rather to a peculiar power which nitrogen 
possesses of absorbing part of the (radiant) energy developed by the 
combustion of carbon monoxide under such conditions.* 

Our experiments relating to the effects of moisture on the explosion 
of normal carbon monoxide-air mixtures at initial pressures of 
50 atmospheres are divisible into four series, namely : 

(A) Those in which (a) all the gases used had been previously 
well dried by storage for some weeks in cylinders containing freshly 
distilled phosphoric oxide, (6) and the bomb itself and all connexions 
had been thoroughly dried out in a current of hot dry air, and the 
explosion chamber had been kept evacuated, for at least three or 
four days immediately preceding each experiment, in contact with 
redistilled phosphoric oxide which was only removed just prior to 
the separate introduction of the previously well-dried ingredients 
of the explosive mixture. Moreover, in introducing the gases into 
the bomb from the separate storage cylinders they were in each case 
very slowly passed through a steel cylinder 8 inches long, filled with 
freshly distilled phosphoric oxide. By such measures it was hoped 
to ensure the maximum of dryness possible in experiments where an 
explosive mixture has to be fired in a massive steel bomb; and 
although complete dryness is perhaps unattainable under such 


* Although the present paper is not primarily concerned with the question 
of the “‘ activation ”’ of nitrogen in carbon monoxide-air explosions at high 
initial pressures (and therefore we do not propose dealing with that aspect 
of the matter in it), yet, in order that readers may better understand the 
time—pressure curves published in the text, it is necessary to state that the 
experiments referred to (and others shortly to be published) prove beyond 
all reasonable doubt that at such high pressures a considerable part of 
the peculiar radiation emitted by the burning carbon monoxide (which 
otherwise would have been absorbed by the walls of the explosion chamber) 
was intercepted and absorbed by the nitrogen present, whereby it became 
chemically ‘‘ activated.”” Any radiant energy so absorbed would not affect 
the maximum pressures reached in the explosions, unless the conditions of 
& particular experiment permitted (as they sometimes did) the secondary 
oxidation of part of the “ activated’ nitrogen to nitric oxide during the 
combustion period, in which case part of the kinetic energy developed by 
the explosion would also be absorbed, thereby lowering the maximum pressure 
attained. Finally, the radiant energy so absorbed by the nitrogen, plus 
part of the kinetic energy (if any) absorbed during the combustion period 
in forming nitric oxide from it, would be gradually liberated in a kinetic 
form after the attainment of the maximum pressure, as the “ activated ” 
nitrogen slowly reverted to the ordinary form (and part of any nitric oxide 
formed was unburnt), thus retarding the cooling period. m 
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conditions, it is difficult to see how in the circumstances our dryi 
arrangements, in respect of both the bomb apparatus and the gases, 
could have been appreciably improved. This group of our experi- 
ments will be referred to as the “ dry ” series. 

(B) Experiments in which (a) the gases employed were directly 
introduced into the bomb from their respective storage cylinders 
without any preliminary or intermediate drying (that is, they would 
contain probably about 17 mm. of water vapour in 50 atmospheres), 
but (b) the explosion chamber had been previously dried out in 
a current of hot dry air. This group will be referred to as the 
“ undried ”’ series. 

(C) Experiments in which the undried gases were slowly passed 
into the bomb from their respective storage cylinders through a tube 
packed with glass wool which had been previously wetted with 
water. They would thus carry forward into the explosion chamber 
appreciably more water vapour than was the case in the “ undried” 
group. They will be referred to as the “ moist ”’ series. 

(D) An experiment in which, not only were the gases introduced 
into the bomb as in (C), but also the walls of the explosion cavity 
had been previously thoroughly wetted with distilled water. This 
will be referred to as the “ wet ” experiment. 

The results of several typical experiments in each group are 
tabulated as follows :— 


P; = the initial firing pressure in atmospheres. 

P,, = the maximum pressure in atmospheres recorded in the 
explosion. 

P; = the “ corrected ” final pressure in atmospheres of the cooled 
combustion products. 

tm == the time in seconds taken for the attainment of maximum 
pressure. 

TABLE I. 
Showing the effect of varying hygroscopic conditions upon the explo- 
sion of 2CO + O, + 4N, mixtures when fired at 50 atmospheres. 


Hygroscopic 
state of gases Pressures. 
and explosion Initial 

Series. chamber. 
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From the above it would appear that, so far as the time taken 
for the attainment of the maximum pressure (?,,) is concerned, 
there is practically no difference between the “dry” and either 
the “ moist ’’ or the “‘ wet ”’ series; for in all these cases it amounted 
as nearly as may be to 0°18 second. In the “ undried ” series 
(that is, when the water vapour present would probably not 
much exceed 1 in 2000) the time was somewhat shorter, namely, 
0:13 to 0°15 second. It therefore seems clear that the presence of a 
very much smaller amount of water vapour sufficed to produce 
the optimum combustion conditions in our said experiments than was 
found necessary either by H. B. Dixon for the fastest propagation 
of detonation through 2CO + O, mixtures at ordinary pressures, or 
by Payman and Wheeler for the fastest inflammation of carbon 
monoxide—air mixtures also at atmospheric pressure. 

Four typical pressure-time curves (one from each series of 
experiments) are reproduced in Fig. 1, and analyses of them are 
shown in Table II. From these analyses it will be seen that, with 


TABLE II. 


Analysis of typical pressure curves. 


Series. A, B. C. 


t. in secs. 
after Pressure in atmospheres. 
ignition. ion 
50 50 
148 100 
385 230 
411 398 
396 410 398 
392 402 392 
388 395 384 
379 385 372 
369 373 361 
358 362 351 
347 351 342 
337 341 333 
328 332 326 


Pressure fall in 0-5 f 
second after ft». \ 36 41 46 


L 
% fall in 0-5 { 9 10 11-5 
second. 


the exception of series B, where the conditions were the most 
favourable, there was little, if any, difference between the speeds at 
which the pressure was developed during the respective combustion 
periods. Also, the observed rates of cooling after the attainment 
of maximum pressure in series A, B, and C were all practically 
the same. In the “ wet” experiment B, the maximum pressure 
attained was appreciably lower than in any of the others, a circum- 
stance probably due to heat absorption caused by some evapor- 
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ation of water from the wet walls of the explosion cavity during 
the combustion period. 


The Influence of Nitrogen. 

In order that the reader may better realise the extent to which 
the presence of nitrogen retards both the attainment of the maximum 
pressure and the subsequent cooling in carbon monoxide-air explo. 
sions at such high pressures, we need only give the following com. 
parative figures (Table III) relating to experiments in which iso. 
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Mixture developed. P,. tm Obs. Corr.* aftert,. after 
exploded. K.C.U.’s. Atms. Sec. atms. atms. Atms. tm 


2CO+0,+4N, 10-2 50 O19 409 440 93 22-75 
2C0+0,+40, 10-0 50 0-005 460 460 200 43-5 
2CO+0,4+4C0 10-4 50 0010 450 455 197 44-0 


* In order to make the observed figures strictly comparable among them- 
selves, it is necessary to apply to them a “ cooling correction ” because of 
the different time taken to reach P,; and it is such “ corrected” values 
which must be considered in estimating the magnitude of any “kinetic 
energy’ absorption during the “combustion period” in the N,-diluent 
experiments. 
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thermic mixtures 2CO + O, + 4R, where R = a diatomic diluent 
(N, + O, or CO), were exploded in our bomb apparatus at an 
initial pressure of 50 atmospheres in each case. Apart from any 
specific “‘ energy-absorbing ” function of nitrogen during the com- 
pustion, the volumetric heat capacities of the three diluents would 
be approximately the same, and therefore both the maximum 
pressures attained and the subsequent ratio of cooling should be 
the same also. And in the two experiments in which nitrogen 
was excluded this is seen to be the case; in both cases the pressure 
falls after t,, corresponded with simple cooling curves unaccom- 
panied by any exothermic effects. But with nitrogen as the 
diluent, the cooling after ¢,, was greatly retarded by an exothermic 
effect the total magnitude of which in 1-0 second was incomparably 
greater than that of the kinetic energy absorbed during the explosion 
period up to ¢,,, a circumstance which we attribute to an absorp- 
tion of radiant energy by the nitrogen during the combustion 
period. 

It is therefore clear that the nitrogen is the predominating factor 
in determining the rate of pressure development in carbon 
monoxide-air explosions at such high pressures as have been 
employed in our experiments. 


The Influence of Hydrogen. 


As already stated, when the publication of the Bone-Haward 
experiments (loc. cit.) directed attention to the effect which the 
progressive replacement of carbon monoxide by hydrogen has upon 
the rate of pressure development in the explosion of a normal 
carbon monoxide-air mixture at an initial pressure of 50 atmo- 
spheres, the predominating influence of nitrogen upon the whole 
course of events had not been discovered, and was at that time 
quite unsuspected. Hence, it is necessary now to review the 
former interpretation of the said phenomenon in the light of the 
new knowledge gained from our recent experiments. 

Before doing so, however, we must deal with the claim recently 
made in Payman and Wheeler’s paper (Joc. cit., 1258) that “‘ further 
information is obtainable respecting the applicability of the law of 
speeds from the work of Bone and Haward in the combustion of 
mixtures of hydrogen, carbon monoxide, and air at high initial 
pressures,” and the inference flowing therefrom. It should be 
understood that the paper in question was sent in (February 14th, 
1923) some weeks before our new results were published (April 26th, 
1923), and (as would appear) without any knowledge thereof; 
and therefore any statement made therein about the Bone-Haward 
results suffers from its authors not having known what undoubtedly 
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is the predominant factor in deter. 
mining the rate of pressure develop. 
ment in a carbon monoxide-air 
explosion at such high initial pres. 
sures. It is to be regretted that 
they had never studied the original 
photographic pressure—time records 
obtained in the Bone-Haward ex. 
periments before passing judgment 
upon them. For these records all 
exhibit a characteristic feature 
which hardly agrees with the flame. 
speed law; if indeed the Bone. 
Haward data are at all relevant in 
such connexion, a point which seems 
to us at least open to question. 
Moreover, in view of what is now 
known concerning the relatively 
small influence of water vapour in 
the explosion of a normal carbon 
monoxide-air mixture at the high 
pressures employed by us, we cannot 
assign any weight to Payman and 
Wheeler’s calculation (“from the 
results recorded for the two mix- 
tures 2H, + O, +4N, and 1/12H, + 
23/12CO + O,+N,”’) that what 
they term “the effective time ” for 
the mixture 2CO + 0, + 4N, in 
the Bone-Haward experiments is 
0°038 second, a figure which seems 
to us to be wholly fanciful. 
Considering that what the photo- 
graphic pressure-time records ob- 
tained in such high-pressure explo- 
sion experiments primarily show is 
the rate at which the potential 
energy of the explosive mixture is 
transferred into kinetic (that is, 
pressure) energy of the products, and 
the time taken to attain the maxi- 
mum pressure (t,,), it seems to us 
that the data so obtained have no 
necessary connexion with flame- 
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speeds, unless indeed it is certain that in all circumstances the 
moment of attainment of maximum pressure exactly synchronises 
jn our apparatus with that at which the flame point just reaches 
the head of the Petavel manometer, which is situated immediately 
opposite the ignition wire. Payman and Wheeler seem to assume 
that such is, or must be, the case; but we are not so sure about 
it. For the time being, it may be regarded as a debatable point. 
Besides which, even were the applicability of an empirical “ flame- 
speed law” to the conditions of such bomb experiments conclusively 
proved, it would not help us much in the interpretation of the 
mechanism of the combustion. 

The Bone-Haward principal data are shown in Table IV, and a 
selection of the pressure curves of the 2(CO + H,) + O, + 4N, 
series (the one under discussion) have been as faithfully as possible 
reproduced from the original time—pressure curves in Fig. 2, in 
such @ manner as to show on one diagram the precise contour of 
the rising pressure curve up to ¢,,, together with a short portion of 
the subsequent cooling period, in each case. 


TaBLE IV. 
A typical selection from the Bone-Haward experiments (1921). 
Isothermic Mixtures all Fired at an Initial Pressure of 50 atms. 


Pressure 
fall in 
1 sec. 

after tm. 

Approximate a 

Index composition of = Initial Py. a Per 
No. mixture exploded. K.C.U.’s. temp. Atms. Secs. Atms. cent. 
VIII 2C0+0,+4N, 10:23 182 421 0-180 106 25-0 


XVIII j;H,+23/12CO+0,+4N,9-53 13-0 425 0-030 130 30-6 
XVI 4H,+11/6CO+0,+4N, 956 14:0 425 0-025 135 31-75 
XIV 4H,+7/4CO+0,+4N, 9-49 20:0 418 0-025 148 35-4 
XII }$H,+3/2CO+0,+4N, 9:54 21:5 410 0015 162 39-0 


X  H,+C00+0,+4N, 9-87 20:5 399 0-015 209 520 
I 2H,+0,+4N, 10-45 185 405 0-005 242 60-0 
IV 2H,+0,+40, 10-33 225 400 0-010 233 58-25 
V  2H,+0,+4H, 10-48 11-0 408 00025 —+ —+f 
B.T.N.* 200 -+0,+40, 10:0 184 460 0-005 200 43-5 


x=the thermal equivalent of the total energy liberated in the explosion 
calculated from the actual composition of the mixture fired. 

* This is included as being the repetition by the present authors of the 
experiment upon which Haward was actually engaged when he met his 
death. 

+ In this experiment the record was interrupted 0-75 sec. after tm. 


In all the experiments in which hydrogen was present, including 
those of a normal hydrogen-air (2H, + O, + 4N,) mixture, the 
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explosion was marked by a distinct “ click ” (which is never heard 
in our carbon monoxide-air explosions), and the rising pressure 
curves exhibit a common feature in that for the greater part of the 
rise the lines are all as nearly as may be parallel, irrespective of the 
magnitude of tm, which varied from 0:005 second for the normal 
hydrogen-air mixture up to 0030 for the 1 /12 H, + 23/12CO + 0, + 
4N, mixture. Such a general feature is capable of only two 
explanations, namely: either (a) that in all the experiments in 
question (which were made in two series at some months apart, 
namély, the first seven between May 18th and June 24th, 1920, 
and the remaining six between October 12th and November 3rd, 
1920), and in no others during the research (either before or since), 
the recording manometer had been subject to some abnormal kind 
of mechanical lag affecting the first portion only of the rising 
pressure curve—a supposition which we think highly improbable; 
or (b) that the records reproduced the course of the rising pressure 
as faithfully as in all other experiments, and therefore that, as 
regards the greater part of the actual combustion period, the rate 
of pressure development always closely simulated that observed in a 
hydrogen-air explosion under like conditions—which seems to be 
the more reasonable view of the matter. 

At the time when the Bone-Haward results were published, it 
was inferred, from the then known facts, that in some manner 
hydrogen was “capable of imposing its own character upon the 
whole course of the subsequent combustion at such pressures.” 
We now know that the comparative slowness of the pressure 
development in the explosion of carbon monoxide-air mixtures at 
such high pressures is neither primarily due to any inherent slow- 
burning property of carbon monoxide, nor much affected by the 
amount of water vapour present in the system. For if, instead 
of progressively replacing the carbon monoxide of their carbon 
monoxide-air mixtures by hydrogen (as they did), Bone and 
Haward had wholly replaced the nitrogen by either oxygen, carbon 
monoxide, or argon, the time taken for the attainment of the 
maximum pressure would have been reduced from 0°18 second to 
0°005, 0°010, or 0°025 second, respectively. And it is sad to recall 
that the accident which so tragically ended poor Haward’s life 
happened in the first experiment in which he ever attempted to test 
the result of replacing the nitrogen in a normal carbon monoxide- 
air mixture by oxygen; so that whilst he died on the verge of 
discovering the further fact which would have opened our eyes to 
the important part played by nitrogen in such explosions, his 
results were published in ignorance of it. 

Reviewing the Bone-Haward experiments in the light of the new 


OF WATER VAPOUR AND HYDROGEN UPON THE EXPLOSION, ETO. 2019 


knowledge since gained as the result of their continuance by us, 
it now seems reasonable to suppose that were the nitrogen function- 
ing merely as a diatomic diluent, and without any specific “ energy- 
absorbing ”’ effect, in the explosion of a normal carbon monoxide— 
air mixture at initial pressures of 50 atmospheres, the value of ¢,,, 
instead of actually being about 0°180 second, would lie somewhere 
between the 0°005 second recorded for a 2CO + O, + 40, mixture 
and the 0°025 similarly found for a 2CO + O,-+ 4Ar mixture 
under like conditions, with probably a fairly close approximation 
to the former value. Also, that the rate of cooling immediately 
after t,, would involve a pressure fall of 0°435 P,, in one second, 
instead of the 0°25 P,, actually observed. The difference between 
these actual and suppositional values is to be ascribed to the peculiar 
“energy-absorbing ” function exerted by the nitrogen in such 
experiments in addition to its purely diluent action. 

A careful re-examination of the pressure-time curves has shown 
unmistakably that the effect of the progressive replacement of 
carbon monoxide by hydrogen in the normal carbon monoxide-air 
mixture was largely to prevent or counteract the peculiar “ energy 
absorbing ” function of the nitrogen. Apparently nearly one-third 
of such function was prevented or counteracted by the replacement 
of merely one-twenty-fourth part of the carbon monoxide by its 
hydrogen equivalent, and the whole of it had been suppressed by 
the time such replacement had reached the half-way (1: 1) stage. 

We have also obtained definite evidence from experiments with 
mixtures corresponding to 200 + O, + 6Ar, that substitution of 
hydrogen for a small part of the carbon monoxide does have a 
specific accelerating effect upon the rising pressure curve much 
greater than would be produced by any addition of water vapour. 
It would therefore appear that, under our experimental conditions, 
hydrogen has a direct accelerating influence upon the combustion 
of carbon monoxide quite apart from any indirect effect which it 
also has in counteracting the influence of nitrogen when that con- 
stituent is present. Pending further investigation of the matter, 
which we are engaged upon, this is as much as can be said about 
it for the moment. 


Concluding Remarks. 


So far as the facts known up to the present are concerned, they 
seem to harmonise quite well with the view tentatively put forward 
on pp. 81 and 82 (q.v.) of the Bone-Haward memoir (loc. cit.) concern- 
ing the mechanism of the combustion of carbon monoxide. It may 
be pointed out that this view is essentially a modification in one 
important particular of that advanced by H. B. Dixon forty years 
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ago to explain his discovery of the mutual inertness of dry carbon 
monoxide and oxygen in flames. He supposed that the carbon 
monoxide is oxidised by OH, (but not by O,) molecules in flames, 
the resulting hydrogen being immediately burnt to steam, which was 
thus continuously regenerated as follows : (a2) CO + OH, = CO, + 
H, and (6) 2H, + O, = 2H,0. 

Payman and Wheeler (loc. cit., p. 1250) seem to regard such 
a supposition as affording a complete explanation of their results, 
If, however, only such interactions (and no others) occur, it is 
difficult to understand why the spectrum of a flame of pure (moist) 
carbon monoxide, whilst exhibiting the “steam lines,’’ is in other 
respects so unlike that of hydrogen burning in air, or whence arises 
the characteristic colour of a carbon monoxide flame burning in air. 
The characteristic spectrum of a carbon monoxide flame, which 
extends far into the ultra-violet, must surely be due to the formation 
of molecules (or complexes) in a much more highly vibratory state 
than would be likely to arise merely by interactions between CO 
and OH, molecules. 

In the Bone-Haward paper it was tentatively suggested that an 
unstable vibratory H,O, complex, initially formed of the inter- 
action of O, and H, molecules, decomposes in each of two ways, 
simultaneously yielding ‘OH, molecules and :O atoms, both of 
which are capable of oxidising carbon monoxide, as follows : 


O<G (i) 2ntOH, 
O<F (ii) (100—n) (20: -+ 2H,) 


The ratio n/100 — » would obviously depend upon both temper- 
ature and environment; the higher the temperature, and the less 
hydrogen in the environment, the less the magnitude of n. 
Collisions between CO and °O would give rise to highly vibra- 
tory O:C:O systems, emitting a characteristic radiation; and 
it may be that such radiation is of the particular kind which N, 
molecules can absorb. On the other hand, interaction between 
CO and ‘OH, would presumably give rise to CO, in a much less 
highly vibratory condition; and there is conclusive evidence that 
the presence of hydrogen in the mixtures exploded militates against 
N,-activation. This hypothesis is not put forward as being a com- 
plete or final explanation of the case, but only as one worthy of 
serious consideration, and in harmony with the facts as at present 
known. It may have to be modified, supplemented, or even aban- 
doned in favour of some better one, as the experimental investigation 
of the matter proceeds. 
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In Dixon and Wall’s recent paper (loc. cit., p. 1031), it is suggested 
that “‘ pure carbon monoxide and oxygen do not combine with 
explosion because the product—carbon dioxide—would be above 
the temperature at which it would be mainly dissociated.” Possibly 
this may apply to the propagation of the explosion wave through a 
2CO + O, mixture at atmospheric pressure. But when such a 
mixture was fired in our bomb at an initial pressure of 21°4 atmo- 
spheres, 2 maximum pressure of 245 atmospheres was developed 
in 0°005 second; after which the cooling period immediately set 
in without the slightest’ sign of any “ after-burning.” Assuming 
that the “ chemical contraction’ involved in the passage from 
2CO + O, to 2CO, was completed at the moment of maximum 
pressure, the temperature at that instant would have been of 
the order of 5000°. It would not, therefore, seem as though 
“dissociation of carbon dioxide” is a limiting factor in our 
experiments. 

There are grounds for thinking that further light upon this very 
complex subject may be gained from a spectroscopic investigation 
of hydrogen and carbon monoxide-air flames, and more particularly 
of the effects of gradually adding hydrogen to a carbon monoxide 
flame. This is an aspect of the problem which, although most 
fundamental, has not yet received sufficient attention. And with 
a view to the importance of making good the deficiency of our 
knowledge in such direction, experiments have already been started 
at the Imperial College with the kind collaboration of Professor 
A. Fowler. For it can scarcely be denied that a solution of the 
long-debated question of how carbon monoxide burns would prove 
to be the key to the understanding of gaseous combustion. And 
there is yet much to be learned. 


In conclusion, our thanks are due (a) to the Government Grant 
Committee of the Royal Society for grants out of which the 
expensive apparatus employed in the research has been paid for, 
and (b) to the Department of Scientific and Industrial Research for 
maintenance grants, which have enabled two of us (D.M.N. and 
D.T.A.T.) to devote our whole time to the work. 

DEPARTMENT OF CHEMICAL TECHNOLOGY, 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, June 21st, 1923.] 
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CCOXXII.—The Action of Silica on Electrolytes, 


By Aurrep Franois JosmpH and Joun Stanutey Hancock. 


It is well known that when silica is added to a solution of a simple 
electrolyte such as sodium chloride, a change takes place which is 
shown by the solution becoming acid. Many of the explanations 
of such phenomena are based on rather complicated theories relating 
to the mechanism of adsorption, and the object of the present 
communication is to suggest that the observed changes can be 
sufficiently accounted for on the lines of straightforward chemical 
reactions. 


I.—The Action of Silica on Salt Solutions. 


Figures are given by Mellor (“ Quantitative Analysis,’ 1913, 
p. 175) showing that silicic acid is soluble in sodium chloride solu- 
tion, the cause being stated to be the formation of sodium silicate.* 
This solubility can be demonstrated equally well with anhydrous 
silica, and the following is an example of the results we have 
obtained by heating it with salt solution on the water-bath for 
four hours : 


5% Sodium chloride solution alone gave... 0-0036 gram of SiO, per litre. 
PN EN WEEE cscopcoccccescccccccssescosvosncs 0-03 


There was, therefore, an appreciable amount of silica brought 
into solution by the sodium chloride. 

The reaction taking place consists presumably in the formation 
of a silicate of sodium and the liberation of hydrochloric acid; the 
production of acid is demonstrated by measuring the hydrogen-ion 
concentrations (pq) of the silica suspension and the sodium chloride 
before and after mixing. 

The experiment was tried with washed silica which had not been 
dried after washing, and also with another specimen which had 
been ignited at a red heat. A third experiment was carried out 
with silica specially purified by washing ten times with hot 20 per 
cent. hydrochloric acid, the operations being carried out in platinum 
or silica vessels except for a few minutes when the suspension was 
being centrifuged to allow the wash liquor to be poured off; the 
glass centrifuge tube was well steamed immediately before use. 
Filter-papers were not used at all in this work. The pg measure- 
ments were made electrometrically with a Leeds and Northrup 
potentiometer outfit and a Clark’s calomel electrode with N/10- 


* The solubility of silica in sodium chloride solutions is also dealt with by 
Lenher and Truog (J. Amer. Chem. Soc., 1916, 38, 1058). 
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potassium chloride; all H.M.F. readings were corrected for tem- 
rature. 

The mixture of 1 part of silica with 50 parts of solution was 
kept for twenty-four hours at the temperature of the room before 
the ~a values were determined. 

The results were as follows : 


Effect of Silica on Sodium Chloride Solution. 


Ten times 
washed with 
Washed Washed acid and 
Treatment of silica. with water. and ignited. ignited. 
pu Of silica suspension in water 7-12 6-97 6 
pu of 5% NaCl solution ............ 6-52 6-52 6-69 
BCE MEEEBNTO se ccvsccccvsscocsesseces 5:33 5-55 3-96 


The first two preparations were definitely alkaline, the neutral 
point at the temperature of the experiment being 6-8; the third 
sample was probably nearly pure, as the pg of the distilled water 
(the determination of which is always difficult) is usually about 6. 

The formation of acid is clearly shown. The other product of 
the reaction is probably a complex silicate of sodium containing 
much silica which, although only very slightly soluble in water, 
yields a markedly alkaline solution. This was observed by washing 
the residue from the experiments just described to remove most 
of the hydrochloric acid and sodium chloride. The presence of a 
sparingly soluble salt was indicated by the difficulty in raising 
the specific resistance of the suspension to more than about 
50,000 ohms; at this stage its pq was determined and found to be 
7-92 and 8-18 in two separate experiments, thus demonstrating 
satisfactorily the presence of an alkaline substance, 

Sparingly soluble sodium salts of this kind probably exert great 
influence on the properties of soil minerals and the possibility of 
their existence is apt to be overlooked. Thus Mukherjee (Phil. 
Mag., 1922, [vi], 44, 343) rejects a chemical view of base exchange 
in soils, as it would be necessary “to postulate the existence of 
insoluble salts of alkali metals in a large number of cases.” Bearing 
in mind, however, the relative meaning of the word “ insoluble,” 
many such salts actually do exist, metaphosphates and complex 
silicates being familiar examples, and an illustrative substance 
can readily be obtained by igniting 3 parts of silica with 1 part 
of sodium hydroxide until a clear glass is obtained. A preparation of 
this kind was found to have dissolved to the extent of only 0-05 
gram per 100 c.c. after standing in contact with water for twenty- 
four hours with frequent shaking ; the solution was strongly alkaline. 

A detailed study of some of these complex silicates would doubt- 
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less throw light on many properties of soil minerals and clays 
which are at present very difficult to explain. 

The following figures have been obtained for some other salt 
solutions, the silica used having been purified by three washings 
with acid. All suspensions were made with 1 part of silica to 
50 parts of solution, the temperature was about 33°, and time of 
contact twenty-four hours. 


Effect of Silica on Various Salt Solutions. 


5% 0:2% 5% 5% 
Sodium Calcium Ammonium Calcium 
sulphate. sulphate. chloride. chloride. 
Pu of salt solution 


lle RR NES 6°44 6-61 4-92 6-08 
Pu Of silica + salt 
WOO. asciccaccaee 4-72 6°31 3-59 4:59 


Il.—The Action of Silica on Acids. 


No such simple reaction as suggested in the last paragraph 
would apply to the removal of an acid from solution by means of 
silica. This effect has been referred to by Mukherjee (Nature, 
1922, 110, 732), who states that “silica (gel) has been found to 
adsorb appreciable quantities of acids, for example, acetic, citric, 
hydrochloric, and nitric.” We have confined ourselves to experi- 
ments with hydrochloric and citric acids and ignited silica and 
have only obtained a positive result when the silica was incom- 
pletely purified, and in consequence slightly alkaline. The experi- 
ments were made with silica purified by a few washings with 
water, by prolonged washing with water, and by washing with acid 
as referred to in the previous section. The operations were carried 
out as before, those with the highly purified material being con- 
ducted entirely in platinum and silica vessels except for the short 
time during which it was being centrifuged to remove the wash 
liquor. In all cases the silica was ignited before it was added to 
the acid. The acid used was adjusted to a pg of about 3-5, the 
actual value being determined at the same time as that of the 
mixture. The proportion of silica to solution and other conditions 
of the experiments were the same as before. 


Effect of Silica on Hydrochloric Acid. 


Water-washed. Acid-washed. 
Three Twenty Three Ten 
Silica treatment. Washings. Washings. Washings. Washings. 
pu Of silica suspension in 
WEEE occcccccccccccccccces 7-50 7-65 6-19 6 
pu Of acid alone ............ 3°88 3-63 3°53 3°45 
pu Of silica + acid ......... 4-96 3-78 4-08 3-46 


- galt 
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Effect of Silica on Citric Acid. 


Four times Ten times 
washed with washed with 


Silica treatment. water. acid. 

px Of silica suspension in water ............+000++ 7-50 6 
ig OF OCIA BIOME ......0ccccsecccccsvcccvcsccccocscscecs 3°47 3°47 
pu Of Silic& + ACIA .......-.seseereeeeeeeeeseeeeeeseres 7:05 3-46 


It is clear that the ability of the silica to remove acid from the 
solution disappears as the purifying treatment is pushed further, 
the last two numbers in the tables being the same within the limit 
of experimental error; it therefore seems reasonable to conclude 
that neither hydrochloric nor citric acid is removed from solution 
by pure silica. 

It would be worth while repeating these experiments with silica 
gel, but it is very difficult to prepare such a substance in the 
required degree of purity. We have indications, moreover, that 
the reactions are not dependent on the presence of gel colloids— 
thus ignited purified clay was found to be as reactive towards 
sodium chloride solution as the fresh material which had never 
been heated, and as seen from the above, purified ignited silica 
is quite active in its behaviour towards salt solutions. 


Summary. 


1. The effect of silica upon a salt solution appears to be due 
to a chemical change resulting in the formation of free acid and 
of a complex silicate of low solubility but alkaline reaction. 

2. Pure silica produces no effect on a solution of an acid; the 
reduction of acidity ordinarily observed does not take place when 
the silica used is well purified. 


Notr.—Since writing the above, we have seen the remarks of 
Dr. Mukherjee in the current number of the Transactions of the 
Faraday Society (Vol. XVIII, Part 3, p. 316), in which he states 
that pure precipitated silica adsorbs considerable quantities of 
acetic acid. We suggest, of course, that this effect would not be 
observed if the silica were more highly purified. 


WeEttcome Tropicat ResearcH LABORATORIES, KHARTOUM. 
[Received, June 21st, 1923.] 
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CCXXIII.—Dissociation of Complex Cyanides, 
By Grorce JosEPH BuRRowsS. 


IN a previous communication (Burrows and Turner, T., 1919, 
115, 1429), it was shown that, in aqueous solution, the nitroprussides 
dissociate in such a way as to indicate that nitroprussic acid has 
the simple formula H,Fe(CN);NO. It was decided to extend this 
investigation to the study of the dissociation of other complex 
cyanogen compounds in the hope that data would be obtained 
which would shed light on the molecular weight and the mode of 
dissociation of the ferrocyanides. The literature on the subject 
is by no means clear. Buchbéck (Z. physikal. Chem., 1897, 23, 
157) found for the molecular weight of ethyl ferrocyanide by 
cryoscopic measurements, values about 320, in harmony with the 
formula Et,Fe(CN),. Berkeley, Hartley, and Stephenson, how. 
ever (Phil. Trans., 1909, A, 209, 319), concluded from conduct- 
ivity and osmotic pressure measurements that the calcium and 
strontium salts are of the type M,[Fe(CN),],, and are capable of 
dissociating in each case into six ions, although the statement is 
made by them that equally good agreement between calculated and 
observed results would be obtained on the assumption that five 
ions are formed from each molecule. These authors also applied 
their method to the results of Jones and West for potassium 
ferrocyanide and concluded that those results also could be inter- 
preted in accordance with the formula, K,[Fe(CN),],, for the 
molecule dissociating into ten ions. 

Jones and Bassett (Amer. Chem. J., 1905, 34, 313) are responsible 
for the view that potassium ferrocyanide dissociates into eight 
ions per molecule, K,Fe(CN), =4K* + 3CN’ + Fe(CN),’, whilst 
potassium ferricyanide yields six ions, K,Fe(CN), =3K*° + 2CN ‘+ 
Fe(CN),’. Haber (Z. Elektrochem., 1905, 10, 847) considers that 
potassium ferrocyanide dissociates in aqueous solution into four 
K’-ions and Fe(CN),’””’, the latter suffering subsequent dissociation 
into Fe” and six (CN)’ ions. 

In view of this diversity of opinion, it was decided to study the 
cryoscopy and the conductivity of solutions, not only of potassium 
ferrocyanide, but also of potassium ferricyanide, and the analogous 
chromi- and cobalti-cyanides. The latter compounds appear to 
be more stable than the ferrocyanides and it was thought that their 
examination would perhaps lead to some definite conclusion in the 
case of potassium ferrocyanide. 

In each case, a M/10-solution of the salt was prepared and its 
conductivity measured at various dilutions down to 2000 litres or 
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more, until results were obtained from which the value of the 
limiting conductivity, »,,, could be found. At the same time, the 
freezing points of the more concentrated solutions were observed, 
and from these two sets of experiments the number of ions into which 
each molecule dissociates was calculated. 

The author considers that these results furnish no evidence 
that the compounds examined have other than the simplest empirical 
formulz. In every case the number of ions calculated for a M/10- 
solution on the assumption that the salt is not associated and 
dissociates directly into positive K*- (or Na’)-ions and the negative 
complex metal-cyano-ion, for example, [Fe(CN),]’’’, agrees well 
with that required by the formula. In the case of ferro- and ferri- 
cyanides, the figures for M/20- and M/40-solutions are greater than 
those required. But the corresponding values, calculated on the 
assumption that the molecule is doubled, giving either (a) an 
associated negative ion or (b) two negative ions, show considerably 
greater differences. There is thus no evidence in these results to 
support such views. 

These results are best interpreted on the assumption that the 
dissociation of potassium ferrocyanide is correctly represented 
thus, 

K,Fe(CN), = 4K° + Fe(CN),””, 

the high values observed for the number of ions in the case of the 
more dilute solutions being due to the subsequent dissociation of 
the Fe(CN),’’””’-ion into Fe” and six CN’-ions as suggested by Haber 
(loc. cit.), the amount of this dissociation increasing with dilution. 
That such is the case is indicated by the results obtained for 
potassium chromicyanide and potassium cobalticyanide. These 
salts are known to be stable in solution, particularly the cobalt 
compound, and the amount of dissociation of the complex ion has 
been found to be correspondingly small, as evidenced by the 
constancy of the values obtained for the number of ions, at the three 
dilutions. In the case of the iron compounds, the complex ions 
are not so stable and undergo secondary dissociation. At the same 
time, the amount of this dissociation cannot be very great under 
the conditions of the experiments, as otherwise the values of p» 
at high dilutions would show greater increases with dilution. 

Furthermore, the values of »,, found for potassium ferrocyanide 
and potassium ferricyanide are those that would be expected on 
the assumption that the former dissociated into three K*-ions and 
one tervalent negative ion, and the latter into four K*-ions and one 
quadrivalent negative ion. Thus the value of »,, for K,[Fe(CN);NO] 
was found to be 258 (T., 1919, 115, 1432), and the value now found 
for K,{Fe(CN),], »,, = 468, is in good agreement with those of 
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K,[Co(CN),], ». = 451, and K,[Cr(CN).,], »,, = 480. The com. 
bined effect of adding one potassium-ion and increasing the valency 
of the negative ion by unity is thus equivalent to an increase, in 
the value of »,, of 210. The difference between the values for 
potassium ferricyanide and potassium ferrocyanide is 212. This 
would seem to exclude the possibility of any serious error in the 
values taken for the degree of dissociation of the solutions of 
potassium ferrocyanide, and it is considered that the conclusions 
stated above are supported by the experimental results. 


EXPERIMENTAL. 

In the following tables, v is the volume in litres containing one 
gram-molecule of the salt, » is the molecular conductivity, « is the 
degree of dissociation and is equal to p,/»,,, Ais the observed depres- 
sion of the freezing point of water, MA is the molecular depression 
and is equal to v x A X10, 7 is the van’t Hoff coefficient and is equal 
to MA/18°7, and & is the number of ions into which each molecule 
dissociates, being obtained from the equation 1 = 1 + (k — 1)z. 
The values under k’ are calculated on the assumption that the salt 
has twice the molecular weight indicated by the simple formula, 
giving an associated negative ion. 


Potassium ferrocyanide, K,Fe(CN),,3H,O. 


10 20 40 80 160 320 640 1280 2560 5120 ow 
338 378 396 433 479 517 564 612 646 672 680 
0-50 0-56 0-58 0-64 0-70 0-76 0-83 0-90 0-95 
Ma. ‘. k. k’. 
57-0 3-05 5-1 11-0 
64-0 3-42 5-3 11-4 
K,[Fe(CN).] requires k = 5. K,[Fe,(CN),,] requires k’ = 9. 


Sodium ferrocyanide, Na,Fe(CN).,,10H,O. 


10 20 40 80 160 320 640 1280 2560 5120 

293 333 357 387 433 470 506 536 552 560 565 
0-52 0-59 0-63 0-69 0-77 0-83 0:90 0-95 

Ma. a. k. k’. 

61-5 3°29 5-4 11-7 

69-4 3-71 5-6 11-9 

717-6 4-15 6-0 12-6 

Na,[Fe(CN),] requires k = 5. Na,[Fe,(CN),] requires k’ = 9. 


Potassium ferricyanide, K,Fe(CN),. 


10 20 40 80 160 320 640 1280 2560 o 
324 340 355 383 410 428 441 457 463 468 
0-69 0-73 0-76 0-82 0-88 0-92 0-94 0-98 
A. Ma. i. k. 
0-593 59:3 3°17 4-1 
64-0 3-42 4-3 
77-2 4-13 5-0 
K,[Fe(CN),] requires k = 4. K,[Fe,(CN),.] requires k’ = 7. 
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Potassium cobalticyanide, K,Co(CN),. 


10 20 40 80 160 320 640 2560 5120 oo 
314 332 350 378 397 415 431 450 449 451 
0-70 0-74 0-78 0-84 0-88 0-92 0-96 


Ma. he k. 

58-5 3 li 4-0 

64-0 3° 4-3 

68-0 3° 6+ 4-4 
K,[Co(CN),] requires k = 4. K ,[Co,(CN) 43] requires a 


Potassium chromicyanide, K,Cr(CN).. 


10 20 40 80 160 320 640 1280 2560 o 
314 337 354 376 405 424 449 461 474 480 
0-65 0-70 0-74 0-78 0-84 0-88 0-94 0-96 


Ma. i. k 

56-0 3:00 4-0 

60-0 3-21 4-1 

63-2 3°38 4-2 
K,[Cr(CN),] requires k = 4. K,[Cr,(CN),.] requires k’ = 7. 


The author is indebted to the McCaughey Research Fund Com- 
mittee for a grant to defray the expense incurred in this research. 


THE UNIVERSITY OF SYDNEY. (Received, June 15th, 1923.] 


CCXXIV.—Reduction Products of the Hydroxyanthra- 
quinones. Part II. 


By Jonn Hatt and ArtHuR GEORGE PERKIN. 


By the action of alkaline reducing agents on derivatives of anthra- 
quinone, the corresponding anthracene compound has occasionally 
been obtained. The reagent mainly employed for this purpose has 
been zinc dust and ammonia, instances of its use being found in the 
work of Perger (J. pr. Chem., 1881, [ii], 23, 127), who obtained 
anthracene from anthraquinone, of Elbs and Eurich (Ber., 1887, 20, 
136); 2: 3-dimethylanthracene from 2 : 3-dimethylanthraquinone, 
of Liebermann (Annalen, 1882, 212, 57), and of Schuler (Ber., 
1882, 15, 1807), who obtained anthracenesulphonic acids from the 
corresponding anthraquinone compounds. On the other hand, 
though the action of alkaline reducing agents on the hydroxy- 
anthraquinones has received much attention, more especially in 
regard to the preparation of hydroxyanthranols, there appears to 
be no instance on record of the subsequent conversion of hydroxy- 
anthranol into the anthrol by the use of these reagents. For anthrol 
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production, as is well known, alkali fusion of the anthracenesul- 
phonates has generally been resorted to, and in this way Liebermann 
(loc. cit.) obtained 1: 2-, 1: 5-, and 1:8-anthradiols, and Schuler 
(loc. cit.) flavol, which appeared to consist of the 2 : 6-dihydroxy- 
compound. Perkin and Whattam (T., 1922, 121, 289), by the 
prolonged action of zinc dust and ammonia on 2-hydroxyanthra.- 
quinone, obtained dihydroxydianthranyl, no anthrol apparently 
having been formed, and although it seemed possible that by a 
careful exclusion of air during the operation some 2-anthrol might 
be produced, more recent experiments in an atmosphere of hydrogen 
have failed to effect this result. It is thus evident that hydroxy- 
anthranols are resistant to reduction by this method. This difficulty 
was overcome, in the case of hystazarin, by Lagodzinski (Annalen, 
1905, 342, 104), who, employing its dimethyl ether, obtained by the 
aid of zinc dust and ammonia 2 : 3-dimethoxyanthracene, and such 
a method is suggestive and may prove to be of service in other 
cases. 

By replacing zinc dust by aluminium powder and employing 
ammonia in the presence of dilute alcohol, Perkin and Whattam 
(loc. cit.) obtained from 2-hydroxyanthraquinone, after a two hours’ 
digestion, an almost quantitative yield of 2-anthrol, and this appears 
to be the first instance of the alkaline reduction of hydroxyanthra- 
quinone to anthrol. Attempts were accordingly made to prepare 
hydroxyanthracenes from other hydroxyanthraquinones by this 
method, and in the first instance, anthraflavic acid, containing as it 
does $-hydroxyls, was selected for experiment. When either this 
compound or its anthranol was employed, the results were disap- 
pointing, for after several hours’ digestion only a small amount of 
the 2 : 6-dihydroxyanthracene appeared to be present. It seemed 
likely that the aluminium powder was at fault, but although other 
samples were obtained, these were not sufficiently active, and at 
the conclusion of the operation the main bulk could be recovered 
unchanged. The difficulty was eventually overcome by the employ- 
ment of the aluminium—mercury couple first described by Cohen and 
Ormandy (Brit. Assoc. Report, 1889, 550), and with this reagent, in 
conjunction with dilute ammonia and with or without addition of 
alcohol, it has been found that anthraflavic acid, isoanthraflavic 
acid, 2-hydroxyanthraquinone, and alizarin, or their anthranols, 
rapidly yield the corresponding hydroxyanthracenes in considerable 
amount, whereas anthranol is converted into anthracene. Of these 
hydroxyanthracenes, the 2 : 6-compound, m. p. 297°, is evidently 
the flavol of Schuler, who gives m. p. 260—270° (loc. cit.), and the 
1 : 2-compound, m. p. 160—162°, is the substance, described as melt- 
ing at 131°, which Lagodzinski (loc. cit.), obtained by the reduction 
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of 1 : 2-anthraquinone,* both chemists evidently not being successful 
in obtaining these substances in a pure condition. Again, whereas 
both dihydroxyanthracenes are in reality colourless, or at most 
a faint green tint, they are described as yellow. 

2:7-Anthradiol, which is apparently new, closely resembles the 
2;:6-compound, although it yields a bisazobenzene derivative of a 
somewhat redder shade. Preliminary experiments on the reduction 
of those other hydroxyanthraquinones and their anthrols which 
have at present been available, indicate that an anthratriol, probably 
the 1 : 2 : 7-compound, can in this way be obtained from anthrapur- 
purin. On the other hand, it has been found that those hydroxy- 
anthraquinones, which in general do not yield anthranols when 
acted upon by zinc dust and ammonia, such as 1-hydroxyanthra- 
quinone, anthrarufin, purpurin, and quinizarin, or the anthranols 
obtained from the former two by other methods, cannot be converted 
into hydroxyanthracenes by means of the aluminium—mercury couple 
in the presence of dilute ammonia. The difficulty may perhaps be 
surmounted by first methylating the hydroxyl groups, and work 
in this connexion, together with a more complete study of the 
hydroxyanthracenes here described, which are now available in 
quantity, is in progress. 

The anthranols necessary for this investigation were obtained in 
almost quantitative amount from the corresponding hydroxy- 
anthraquinones by a somewhat novel method, a description of which 
will be given in a subsequent communication. 

We are much indebted to the British Alizarine Co., Ltd., for some 
quantity of the anthraflavic acid, isoanthraflavic acid, and com- 
mercial sodium anthraquinone-2 : 7-disulphonate employed in this 


‘| investigation. 


EXPERIMENTAL. 
2 : 7-Dihydroxyanthracene. 


Into a boiling solution of isoanthraflavic acid anthranol (5 grams) 
in alcohol (50 c.c.) and water (100 c.c.), contained in a flask provided 
with a reflux condenser, the washed couple { was introduced, and 
immediately the addition of strong ammonia was commenced, 
0 cc. being added during ten minutes. From the clear liquid a 
trystalline precipitate soon commenced to separate, which possibly 
consisted of an aluminium compound, and after digestion for about 


* In a similar way, 1 : 4-dihydroxyanthracene, in the form of its acetyl 
‘compound, m. p. 169°, can be obtained from 1 : 4-anthraquinone (Dienel, 
Ber., 1906, 39, 930). 

t The aluminium-mercury couple was prepared in each case from one 
gram of aluminium foil in the form of pure strips. This was covered with 
water (75 c.c.) and a solution of 1-5 grams of mercuric chloride added. 
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ten minutes, the liquid was decanted hot from the unused couple * 
into dilute hydrochloric acid. The light brown, crystalline powder 
was collected, washed, and, when dry, weighed 4°85 grams. 

Subsequent experiment showed that the presence of alcohol 
is not an essential feature in this process, good yields of the anthradio! 
being obtained in its absence. Again, in this and other anthro] 
reduction processes described in this paper, dilute alkali hydroxide 
may replace the ammonia, although in general the use of the latter 
reagent is greatly to be preferred. 

The product was now digested with ten times its weight of boiling 
acetic anhydride containing a trace of pyridine. When cold, the 
mixture was diluted with alcohol and the colourless leaflets (yield 
88 per cent.) were recrystallised from acetic acid. These melted at 
282° (Found: C=73:23; H=479; acetic acid = 29-22, 
CgH,,0, requires C = 73°49; H = 4°76; acetic acid = 29°25 per 
cent.). The acetyl determinations given in this paper were carried 
out by the acetic ester method. 

2: 7-Diacetoxyanthracene is very sparingly soluble in boiling 
alcohol, more readily soluble in acetic acid. It was hydrolysed by 
the gradual addition of hydrochloric acid (33 per cent.) to its solution 
in boiling acetic acid. By the cautious addition of boiling water, 
a trace of tarry matter first separated; this was at once removed 
from the hot liquid which, on cooling, now deposited a colourless, 
amorphous precipitate. By crystallisation from benzene, 2 :7- 
dihydroxyanthracene was obtained as small, thick needles (Found: 
C= 7994; H=456. C,,H,)0, requires C = 80:00; H = 4°76 
per cent.). When heated, it commenced to darken at 250° and 
melted with blackening at 280—285°. Its solutions in alcohol and 
acetic acid display violet fluorescence, whereas sulphuric acid gives 
a green, fluorescent, reddish-orange liquid. The latter, on heating, 
becomes deep bluish-green, a type of colour change which in these 
circumstances appears to be common to all the known hydroxy- 
anthracenes. Alcoholic ferric chloride forms a greenish-brown 
liquid, from which a dark-coloured precipitate soon separates. 
The disazobenzene derivative, obtained as a crimson powder insoluble 
in alkaline solutions, was not closely examined. It is soluble in 
sulphuric acid with a green coloration. 

2: 7-Dimethoxyanthracene was prepared by digesting 2:7- 
diacetoxyanthracene (1 gram) in boiling methyl alcohol (40 c.c.) and 
sulphuric acid (4 c.c.) for two hours. By cautious addition of hot 
water, a crystalline precipitate separated, and this was collected and 
washed with dilute sodium hydroxide solution (Yield 0°7 gram). By 


* At the conclusion of this, and other experiments, recorded later, much 
of the. couple remained unused. 
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reorystallisation from alcohol, and from acetic acid, it was obtained 
as colourless leaflets melting at 216—217° (Found: C = 80°52; 
H= 591; CH, = 1274. C,,H,,0, requires C = 80°67; H = 5°88; 
CH, = 12°6 per cent.). The solutions of dimethoxyanthracene in 
acetic acid and alcohol possess a violet fluorescence, whereas sul- 
phuric acid gives a green, fluorescent, orange-brown liquid. 

2: 7-Diethoxyanthracene, prepared from the diacetyl compound 
(‘5 grams), absolute alcohol (75 c.c.),‘and sulphuric acid (6 ¢.c.) by 
boiling for three hours, was recrystallised from acetic acid 
and from alcohol (Found: C = 81°31; H = 6°70; C,H, = 21°4. 
(,gH,,0. requires C = 81:20; H = 6°76; C,H; = 21°8 per cent.). 
It melts at 192—193°, and has similar properties to the dimethoxy- 
compound. 

2 : 6-Dihydroxyanthracene. 

In the preparation of this compound anthraflavic acid anthranol 
was employed, the reduction with the couple being carried out under 
exactly the same conditions as were serviceable in the case of the 
2:7-compound. The pale brown, crystalline powder thus obtained 
was equivalent in amount to 90 per cent. of the theoretical. It was 
subsequently found, as in the former case, that the presence of 
alcohol during the reduction process is not essential, indeed an almost 
colourless preparation was obtained in its absence. 

2; 6-Diacetoxyanthracene, obtained by means of acetic anhydride 
and pyridine, separated from the boiling liquid during the acetyl- 
ation process. The yield was 85 per cent. By recrystallisation 
from much acetic acid, it was obtained as colourless leaflets melting 
at 260—261° (Found : C = 73°36; H = 4:77; acetic acid = 29°80. 
CigH,0, requires C = 73°47; H = 4°76; acetic acid = 29°28 per 
cent.). The alcoholic and acetic acid solutions are devoid of 
fluorescence. 

For hydrolysis, the acetyl compound (2 grams), in 100 c.c. of 
acetic acid, was digested at the boiling point with cautious addition 
of hydrochloric acid. The glistening leaflets which separated were 
at first colourless, but subsequently developed a pale green tint 
(found: C= 79°73; H=4 77. C,,H,.0, requires C = 80°00; 
H = 4°76 per cent.). 

When heated, 2 : 6-dihydroxyanthracene commences to darken 
at 270°, and melts with blackening at 295—300°. It dissolves 
somewhat readily in alcohol or acetic acid, the solutions possessing 
a blue fluorescence, whereas its pale yellow, alkaline solutions have 
a green fluorescence, but this rapidly disappears in presence of air, 
a dark-coloured precipitate separating. Sulphuric acid gives an 
orange liquid which, on heating, develops a bluish-violet colour, and 
with alcoholic ferric chloride a brown liquid is obtained. 

VOL, CXXIII. 3Z 
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2 : 6-Dimethoxyanthracene, obtained from the diacetyl compound 
by means of methyl alcohol and sulphuric acid, was digested with 
alcoholic potash to remove partly methylated compound, and 
crystallised from acetic acid. It consists of colourless leaflets 
melting at 255—256° (Found: C = 80°54; H = 5°36; CH, = 123. 
C,,H,,0, requires C = 80°67; H = 5°88; CH, = 12°6 per cent,), 
It can also readily be obtained from the dihydroxy- or diacetoxy. 
compound by means of alkali and methyl sulphate. 

The 2:6-diethoxy-compound, similarly prepared, melted at 
230—231° (Found : C = 81:32; H = 6°68; C,H, = 21°4. C,,H,,0, 
requires C = 81:2; H = 6:96; C,H, = 21°8 per cent.). 

Although some doubt has existed as to identity of the flavol of 
Schuler, in that he employed as a starting point for his preparation 
a commercial anthraquinonedisulphonic acid, the results given 
above indicate that this is 2: 6-dihydroxyanthracene. Although 
evidently he did not obtain this compound, which he describes as 
a bright yellow, crystalline powder, melting between 260° and 270°, 
in a pure condition, the melting point of his diacetyl compound, 
254—255°, and more especially of his diethyl ether, 229°, now leave 
no doubt as to its identity. 

Bisbenzeneazo-2 : 6-dihydroxyanthracene was obtained as a 
maroon-coloured powder, the solution of which, in alcohol, possessed 
a bluer tint than that given by the corresponding derivative of the 
2:7-dihydroxy-compound. Sulphuric acid dissolved it with a 
bluish-green colour. 

1 : 2-Dihydroxyanthracene. 

The reduction of deoxyalizarine (5 grams) was carried out as in 
the previous cases with the aluminium-mercury couple, a somewhat 
larger amount of ammonia solution (50c.c.), however, being employed. 
The reaction is complete in about five minutes, and the digestion 
should not be extended for more than seven minutes, otherwise the 
product is less easy to purify. The yield averaged 96 per cent. of 
that required by theory. In this reduction process it is preferable 
to employ alcohol, as in its absence much viscid by-product is formed. 
The crude material, obtained in the paste form, was drained on tile, 
and while still moist dissolved in a minimum of boiling methyl 
alcohol. On cooling, a semi-solid mass of yellow leaflets was ob- 
tained and these were collected and washed with dilute. alcohol, 
and then with benzene, which removed a tarry impurity. The 
yield of this almost pure preparation was 65 per cent. of the 
theoretical. 

1 : 2-Diacetoxyanthracene, prepared in the usual manner, was 
crystallised from a mixture of alcohol and acetic acid. It con- 
sisted of colourless needles melting at 157—157°5° (Found: C= 
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7340; H=4°70; acetic acid = 29°04. C,,H,,0, requires C = 
7374; H = 4°76; acetic acid = 29°25 per cent.). 

The diacetyl compound (1 gram) was hydrolysed in acetic acid 
solution (15 c.c.) with hydrochloric acid (20 c.c.), and the hot liquid, 
on dilution with boiling water, deposited a small amount of a dark- 
coloured, resinous matter. This was at once removed, the clear 
liquid, on cooling, now depositing colourless leaflets which ultimately 
developed a pale green shade (Found: C = 79°80; H = 4:89. 
CyH 90, requires C = 80°00; H = 4°76 per cent.). 

Thus obtained, 1 : 2-anthradiol melted at 160—162°, and dissolved 
readily in alcohol or acetic acid with a yellow tint. The orange- 
coloured, alkaline solution quickly became blue, and finally black, 
on exposure to air. With alcoholic lead acetate, it yields a pale 
brown precipitate, and with ferric chloride a brown solution. 

Attempts to prepare a dimethyl ether by means of alcohol and 
sulphuric acid, or methyl sulphate were, curiously enough, unsuccess- 
ful, and even with ethereal diazomethane only a small amount of a 
doubtfully pure substance melting from 55—60° could be obtained. 
Lagodzinski (loc. cit.) describes. the 1 : 2-dihydroxyanthracene he 
obtained by the reduction of 1 : 2-anthraquinone as crystallising 
in greenish-yellow leaflets, melting at 131°, 25° lower than the m. p. 
given above, and thus can only have prepared his compound in an 
impure condition. The reactions of this, however, coincide with 
those given by the 1 : 2-dihydroxyanthracene described above. 


2-Anthrol. 


The preparation of this compound by means of the aluminium— 
mercury couple, according to the method given above, proceeds 
smoothly, with or without the employment of alcohol, and the reac- 
tion is complete in ten minutes. The pale green, almost colourless, 
amorphous product averaged 90 per cent. of the theoretical amount, 
and its identity was established by means of its acetyl compound and 
dimethyl ether, which melted, respectively, at 195—196° and 145— 
146°. The presence of alcohol during the reduction is not essential. 
In order to simplify the process of anthrol formation by avoiding 
a previous preparation of the anthranols, experiments on the 
reduction of the 2-, 2 : 7-, 2: 6-, and 1 : 2-hydroxyanthraquinones by 
means of the aluminium couple in presence of ammonia were now 
carried out. As a result, it was ascertained that fair yields of the 
2. (90 per cent.), 2: 7- (72 per cent.), and 2 : 6- (80 per cent.) hydroxy- 
anthracenes could be obtained if the digestion was continued for a 
somewhat longer period than is necessary when starting with the 
anthranols. 


In the case of alizarin, however, the method, curiously enough, 
322 
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was not applicable, because reduction to the anthranol by means of 
the couple does not occur, the violet ammoniacal solution showing 
practically no change of colour. When, however, the ammonia js 
replaced by potassium hydroxide solution, reduction to 1 : 2-anthra. 
diol ensues,* but this method is scarcely economical owing to the 
rapid destruction of the couple by the action of the alkali, and the 
product contains much tarry impurity. There is, however, a 
possibility of the beneficial employment of alkali in this way, if 
anthrol formation is not brought about in the presence of ammonia, 


Anthracene from Anthranol. 


A mixture of anthranol (2°5 grams), alcohol (25 c.c.), water 
(25 c.c.), and the aluminium—mereury couple (0°5 gram) was digested 
at the boiling point, and 50 c.c. of strong ammonia were added during 
half an hour. The product (2°4 grams) still contained anthranol, 
and this was removed by two digestions with 25 per cent. sodium 
hydroxide solution. The residue, crystallised from benzene, melted 
at 211—213° and consisted of anthracene. 


isoAnthraflavic Acid. 


Although it is well known (D.R.-P. 106505) that this compound 
can be obtained by the action of milk of lime on sodium anthra- 
quinone-2 : 7-disulphonate at a high temperature, no details of the 
method are to be found in the literature. As a further supply of 
isoanthraflavic acid was required for the purposes of this investig. 
ation, this method was adopted in principle, although numerous 
experiments were necessary before a satisfactory process could be 
devised. The following was eventually adopted : 


The commercial sodium anthraquinone-2 : 7-disulphonate, con-§ 


taining much sodium sulphate, requires purification and this was 
effected by means of its sparingly soluble aniline or 6-naphthylamine 
salt according to the method of Perkin and Sewell (J. Soc. Chem. 
Ind., 1923, 42, 277). A mixture of the purified sodium disulphon- 
-ate (12°5 grams), baryta (15 grams), sodium chlorate (2 grams), and 
water (100 c.c.) was heated in an autoclave, provided with a stirrer, 
for thirty-three hours at 170—180° (internal temperature). The 
product, diluted with 500 c.c. of boiling water, was filtered hot and 
the filtrate neutralised at the boiling point with hydrochloric acid. 
The tsoanthraflavic acid thus isolated was purified by crystallisation 
from alcohol. The yield, which averaged 61 per cent., can possibly 
be slightly inereased by a longer treatment in the autoclave, as some 


* 2-5 Grams of deoxyalizarin, 2 grams of aluminium—mercury couple, 
and 20 c.c. or 25 c.c, of 20 per cent. in mare hydroxide solution were 
employed here. 
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jydroxyanthraquinonesulphonic acid was still evidently present. 
The time of reaction cannot be satisfactorily shortened by increasing 
the temperature above 180°, for in this case the resulting product 
jsdark coloured and of a very impure character. 
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(CXXV.—Cryoscopic Measurements with Nitrobenzene. 
By Huan Mepwyn Roserts and CuarzEs R. Bury. 


Ix the course of an investigation of the picrylamines, for which 
benzene proved to be an unsuitable solvent, nitrobenzene was used 
for cryoscopic purposes. This was found to absorb water from 
the air so readily that a constant freezing point could not be obtained 
fr the pure solvent: the results were not entirely satisfactory 
even when the usual precautions against moisture were taken. A 
study of the influence of water on the freezing point of nitrobenzene 
has therefore been undertaken, with the ultimate object of obtaining 
satisfactory conditions for molecular-weight determinations. 

In the first place, the freezing point was determined in the presence 
of salt hydrate pairs, or other substances in the presence of which 
the vapour pressure of water is constant and is known. Sidgwick 
(T., 1920, 11'7, 1340) has measured the freezing point of benzene 
in the presence of dehydrating agents, and assumed that this is 
lowered by an amount proportional to the aqueous vapour pressure 


{of the substance with which it is in contact, provided that the 


substance itself is insoluble. Owing to the larger molecular depres- 
sion of the freezing point of nitrobenzene, and to the greater solu- 
bility of water in this solvent, the effect is much more marked than 
with benzene, and more capable of accurate measurement. Deter- 
minations in the presence of water, phosphoric oxide, and the 
three salt hydrate pairs Na,SO,,0—10H,O, SrCl,,2—6H,O, and 
H,C,0,,0—2H,0 show that the freezing point is only approximately a 
linear function of the vapour pressure. 

When once the relation between the freezing point and the aqueous 
vapour pressure has been established, the vapour pressure of any 
salt hydrate pair can easily and accurately be determined by 
measuring the freezing point of nitrobenzene in contact with it. 
The method is as accurate as any other except the gas current 
saturation method, and is specially suitable for the low vapour 
pressures of hydrates at this temperature, which render the direct 
method unsuitable, On the other hand, it has the disadvantage 
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of only giving the vapour pressure at one temperature, although 
the same method could be employed with other suitable solvents 
freezing at other temperatures. To illustrate the method, the 
vapour pressures of several salt hydrate pairs have been determined, 

In the presence of these substances the freezing point of nitro. 
benzene is perfectly constant, any water absorbed being automatically 
taken up by the lower hydrate. On one occasion, a sample of nitro. 
benzene was left in contact with CuSO,,3—5H,0 in a Beckmann 
freezing-point apparatus for two months, no precautions being 
taken to prevent access of moisture; at the end of that period the 
freezing point was unchanged. Advantage was taken of this to 
determine molecular weights in the presence of some suitable salt 
hydrate pair. When using hygroscopic solvents, this method is 
much more convenient than the usual one of passing a current of 
dry air through the apparatus; any error which might be caused 
by the introduction of moisture during the addition of solute is 
avoided. The results are as accurate as those obtained when using 
non-hygroscopic solvents. There is no reason why this method 
should be restricted to nitrobenzene; it should be equally applicable 
to any other solvent. 

According to Nernst’s law of the lowering of solubility, the water 
content of a solvent in contact with a salt hydrate pair is lowered 
by the addition of a solvent. The effect, however, is negligible, 
and in any case is automatically corrected for if the molecular 
depression constant be determined empirically. 


EXPERIMENTAL. 


Purification of Materials—A pure sample of nitrobenzene from 
Robinson, Nelson & Co. was used, the bulk of which distilled over 
within a range of 0°3°. The middle portion was fractionally crystal- 
lised five times, and allowed to stand over phosphoric oxide until 
required. Immediately before use it was distilled over phosphoric 
oxide under reduced pressure (10—15 mm.) directly into the freezing- 
point tube, the middle portion only being collected. The distillation 
apparatus was carefully dried before introducing the nitrobenzene, 
and was filled with dry air at the close of the experiment. Precau- 
tions were taken to prevent the nitrobenzene coming in contact 
with rubber or lubricated glass joints. 

The action of phosphoric oxide on nitrobenzene has been much 
exaggerated (Wood, Proc. Roy. Soc., 1921, [A], 99, 371); impure 
nitrobenzene is rapidly discoloured, but when pure a slight colour 
is only developed on standing for several months. The nitrobenzene 
obtained on distilling these coloured samples gave identical freezing 
points with those obtained from fresh, uncoloured samples. The 
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fact that the freezing point of nitrobenzene in contact with phos- 
phoric oxide has a constant reproducible value shows that the action 
js negligible over short intervals of time. 

On several occasions nitrobenzene was kept over phosphoric 
oxide in the distillation apparatus for more than a week; the 
behaviour on distillation recalls Baker’s observations on the influence 
of thorough drying on the boiling points of liquids (T., 1922, 121, 
568). The flask containing nitrobenzene stood in a boiling saturated 
solution of sodium chloride; nevertheless it could only be made 
to boil with difficulty by reducing the pressure toa minimum. The 
bath could sometimes be evaporated to dryness without distillation 
beginning; once boiling started, however, it proceeded regularly 
and quietly, and a thermometer suspended in the vapour registered 
a temperature of about 90°. When nitrobenzene was distilled 
immediately, without long drying, boiling started without difficulty 
as soon as the bath became hot, the temperature registered being 
the same as before. 

Sodium sulphate, strontium chloride, and oxalic acid were recrys- 
tallised three times, other salts twice. Three samples of phosphoric 
oxide from different sources were used. Pure samples of naph- 
thalene, o-chloronitrobenzene, and a-nitronaphthalene were used 
for the molecular-weight determinations. 

Two specimens of benzene from different sources were carefully 
purified in order to standardise the thermometer, the first from a 
pure sample from Messrs. Harrington, the second from a crude 
commercial product. These were shaken up with concentrated 
sulphuric acid until free from thiophen as tested by the isatin reac- 
tion, then with alkali, and lastly with water. After drying over 
calcium chloride, they were fractionally distilled, the middle portion 
being fractionated by crystallising five times. The product was 
again distilled over phosphoric oxide immediately before use. 

Measurement of Temperature—A Beckmann thermometer was 
used throughout, temperatures being confirmed, as far as possible, 
by a standard thermometer graduated in tenths of a degree. The 
Beckmann thermometer was graduated in hundredths of a degree 
and read to 0°002° with a lens; it was frequently standardised by 
means of the freezing point of benzene, for which Richards, Carver, 
and Schumb’s value of 5°493° was taken (J. Amer. Chem. Soc., 
1919, 44, 2024). The freezing point of benzene was determined 
in the presence of phosphoric oxide, and in a current of dry air, 
the procedure being the same as that used in the case of nitro- 
benzene (vide infra). The two samples of benzene the preparation 
of which has been described gave results agreeing to 0°002°, the 
temperature being independent of the amount frozen. 
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All readings were corrected for emergent stem; this is of little 
importance, since actually very small differences of temperature 
were being measured. 

Freezing Point of Nitrobenzene.—The nitrobenzene was contained 
in a Beckmann inner tube, fitted with a glass stirrer. The liquid 
was half frozen, then placed in a Beckmann outer tube, which 
was held in a Dewar flask containing water at 5°5°. When the 
freezing point was being determined in the presence of phos. 
phoric oxide, this was added to the tube before nitrobenzene was 
distilled into it, and a current of dry air was passed through the 
apparatus throughout the experiment. After the mixture had been 
stirred gently for about five minutes, the temperature became 
constant and remained so for an hour or more, until all the nitro. 
benzene had melted. 

On other occasions a drop of water was added to the nitrobenzene, 
the freezing point determined as before, then the lower hydrate 
of a pair was added, and the freezing point again determined. 

The results are shown in Table I, where the first column gives 
the substance in the presence of which the freezing point was deter- 
mined; under N is shown the number of independent experiments, 
and under 7' the mean value of the freezing point, with the greatest 
deviation from the mean. 


TABLE I, 
P (mm.). N. T (obs.). T (cale.). Diff. 

Phosphoric oxide ... nil, 3 5-669° —0-002° 5-669° 0 
H,C,0,,0—2H,0 ... 0-60 3 5-627 —0-002 5-627 0 
SrCl.,2—6H,O ...... 1-92 3 5-534 +-0-002 5-532 —0-002° 
Na,SO,,0-10H,0O ... 4-31 3 5-346 —0-002 5348 +0-002 
Water saturated with 

nitrobenzene ...... 6-60 6 5-158 +0-003 5-158 0 


Under P are given the aqueous vapour pressures: phosphoric 
oxide is assumed to absorb water completely. An estimate of the 
solubility of nitrobenzene in water at 5° can be made from the 
measurements at higher temperatures by Davis (J. Amer. Chem. Soc., 
1916, 38, 1166); the amount present is insufficient to lower the 
vapour pressure of water appreciably. The vapour pressures of 
the salt hydrates have been determined by Baxter and Lansing 
(ibid., 1920, 42, 419), and are the only accurate data available at 
this temperature. 

If the freezing points are plotted against the vapour pressures, 
the resulting line is approximately straight, but the deviations are 
outside the limits of experimental error. The ratio of the vapour 
pressure of water to its concentration in the solvent depends on 
the temperature, but if allowance is made for the fact that deter- 
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minations have been made over a range of half a degree, the improve- 
ment is negligible. The experimental figures can only be represented 
adequately by some such formula as 
T' = &:669° — 00689 P — 0-0013P?, 

which, as can be seen from the last two columns of Table I, agrees 
within the limits of experimental error. The formula has no 
theoretical significance, except that it implies that the osmotic 
pressure of water in nitrobenzene solution does not obey the simple 
gas laws; it would be explained if water were about 15—20 per cent. 
associated in the saturated solution. There are other indications 
that this is the case; from the difference between the freezing point 
of the wet and the dry solvent (0°511°), and the molecular depression 
of the freezing point (69), the solubility of water can be calculated. 
This is 0°133 gram per 100 grams of nitrobenzene if the water is 
assumed to be undissociated; if it is 20 per cent. associated, the 
solubility would be 0°148. This latter value, although still low, 
is more consistent with the results of Davis (loc. cit.) for the solubility 
at higher temperatures. 

After experience had been gained in the handling of dry nitrp- 
benzene, it was found possible to determine the freezing point of 
the dry solvent without having any phosphoric oxide or other 
dehydrating agent in the freezing-point tube. Three independent 
experiments gave the value 5°666° + 0°001°, which only differs 
by 0°003° from that obtained in the presence of phosphoric oxide. 
The fact that it is lower is probably due to traces of moisture, and 
shows that phosphoric oxide introduces no appreciable impurity 
into nitrobenzene. Taking into account possible errors in the 
standardisation of the thermometer, it is safe to assert that the 
freezing point of pure dry nitrobenzene is 5°668°+0010°. This 
is important in view of the discordant values quoted in literature 
for this constant.* 

Vapour Pressures of Salt Hydrates—Exactly the same experi- 
mental procedure was adopted in measuring the freezing point of 
nitrobenzene in the presence of other salt hydrates. The results, 
which are shown in Table II, have been used to calculate the vapour 
pressures of these hydrates by means of the equation given 


* Mitscherlich (Berz. Jahresber., 15, 429), 3°; Raoult (Ann. Chim. Phys., 
1884, [vi], 2, 66), 5-3°; Ampola and Carlinfanti (Gazzetta, 1896, 26, ii, 76), 3-9°; 
Linebarger (Amer. Chem. J., 1896, 18, 437), 36°; Friswell (T., 1897, 71, 
1011), 5°; Auwers (Z. physikal. Chem., 1899, 30, 300), 6-0°; Tammann 
(“ Kristallisieren und Schmelzen,” Leipzig, 1903, 227), 5-62—5-72°; Meyer 
(Z. physikal. Chem., 1910, 72, 245), 5-82°; Tsakalotos and Guye (J. Chim. 
Phys., 1910, 8, 340), 8-8°; Timmermanns (Proc. K. Akad. Wetensch. Amsterdam, 
18, 507), 8-70°; Béeseken and van der Eerden (Rec. trav. chim., 1914, 38, 300), 
e7°. 

3 z* 
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above. The values obtained can be considered accurate to about 
0°03 mm. 


Taste II, 

T. P (cale.). P (Frowein). 
Cu80,,1—3H.O ...reccccccceeee 5-624° 065mm. 0-72 mm. 
BaCl,,0—2H,O ........cccccseses 5-583 1-22 ,, 1-15 ,, 
CuSO,,3—5H,O _........cceecee 5-531 1-93 ,, 2-00 ,, 
ZnSO,,6—TH,O — ......sseeeeeee 5-444 3:09 ,, 3°16 ,, 
Na,HPO,,7—12H,O  .......+. 5335 4447, 435 ,, 


There are no accurate data with which these can be compared; 
in the last column, however, are shown the vapour pressures at 
5°5° extrapolated from Frowein’s determinations at higher tem- 
peratures (Z. physikal. Chem., 1887, 1, 1, 362). The method em. 
ployed in extrapolation has been to plot the logarithms of the 
vapour pressures against the temperatures. 

The method has been found unsuitable for salt hydrate pairs, 
such as ZnSO,,1—6H,O, where equilibrium is only attained very 
slowly. 

Molecular-weight Determinations.—One to two grams of anhydrous 
sodium sulphate and a drop of water were added to a weighed 
quantity of nitrobenzene in a freezing-point tube. The ordinary 
Beckmann freezing-point apparatus was used, and the usual pro- 
cedure followed; no current of dry air or other precautions were 
taken against moisture. Some of the results obtained are shown 
in Table III, where W is the weight of solute per 100 grams of nitro- 
benzene, D is the observed depression, and K is the molecular 
depression of the freezing point calculated from these two values. 
The constancy of K shows that the method can yield as good results 
as can be obtained with the most favourable solvents. 


TaBe IIT, 

Naphthalene (128). o-Chloronitrobenzene (157). a-Nitronaphthalene (173). 
iy ey ee ee ee I ae 
0-663 0-359 69-3 0-592 0-261 69-3 0-471 0-187 68-7 
1073 0-574 68-4 0-792 0-352 69-9 0-717 0-282 68-0 
1-354 0-723 68:3 1-261 0-560 69-9 0-981 0-390 68-7 
1-588 0-854 68:8 1-579 0-698 69-5 1-392 0-550 68:3 
Mean 68:7 © Mean 69-6 Mean 68-4 


The mean value of K (68°9) is in excellent agreement with the 
value (68°7) calculated from Meyer’s determination of the latent heat 
of fusion as 22°46 cal. 

Sodium sulphate was chosen rather than any other salt because 
it can be easily purified, is not liable to react with organic substances, 
and can absorb more water than most other salts. 
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Summary. 


(1) The freezing point of pure dry nitrobenzene is 5°668° + 0°010°. 

(2) The influence of water on the freezing point of nitrobenzene 
has been studied, and is discussed. 

(3) The vapour pressures of a number of salt hydrates have been 
determined by an indirect method, which consists in measuring 
the freezing point of nitrobenzene in their presence. 

(4) A means of eliminating the errors involved in the use of a 
hygroscopic solvent for molecular-weight determinations by the 
freezing-point method, has been devised. 

THE Epwarp Davies CHEMICAL LABORATORIES, 


UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. 
[Received, May 28th, 1923.] 


CCXXVI.—The X-Ray Investigation of Fatty Acids. 
By ALEx MULLER. 


Ir is well known that ordinary paraffin wax gives an extremely 
strong powder-reflection of X-rays. The first experiment which 
showed this was described by Friedrich (Physikal Z., 1913, 14, 
317). He sent a pencil of X-rays through a layer of paraffin wax 
and obtained on a photographic plate a very well-marked reflection 
ring round the incident beam. The theory of the phenomenon was 
not known at the time when the experiment was made. Ordinary 
paraffin wax is known to contain molecules which possess long 
CH,-chains. De Broglie (Compt. rend., 1923, 176, 738) and Friedel 
pointed out recently that these long chains could be detected by 
means of X-rays and described an experiment in which they 
measured a large spacing (43°5 A.U.) in a film of sodium oleate. A 
series of systematic measurements have been undertaken and have 
been described by Piper.* He found the interesting fact that the 
length of the spacings increases with an increasing number of 
CH,-groups. This confirms the theory which chemists gave long 
ago. 

The author has made independent investigations along the same 
line. The substances used were a series of fatty acids belonging to 
one class. Here again it is found that large spacings exist in these 
substances, and the size of the spacings increases with the number 
of CH,-groups present in the acid. 

The following was the method of procedure. A small amount 


* The paper is to appear shortly in the Proceedings of the Physical Society 
of London. 
3z*2 
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of the substance was melted on a glass plate and spread out so as 
to form a strip 2—3 mm. wide, 1 cm. long, and 0°1—0°2 mm. thick, 
Those fatty acids which were used were found to crystallise in 
flakes which oriented themselves parallel to the glass surface. They 
gave extremely good reflections. This is clearly shown by the 
good definition of the lines which are near the centre line (sce 
Plate I). It is obviously necessary in these circumstances, to oscillate 
the crystal-holder; the crystal flakes, being oriented parallel to 
the plane surface of the glass, act as a single crystal. The glass 
plate, on which the substance was deposited, was fixed on the table 
of a small X-ray spectrometer. Following the method usually 
adopted, reflections were obtained on each side of the primary beam. 
This avoids errors which would be involved by using the image of 
the primary beam as a zero line. The substance was oscillated 
through 10° on either side of the direct beam. The X-ray bulb, 
fitted with an iron anticathode, was run at approximately 40 K.V. 
and 5 M.A. The time of exposure was approximately three-quarters 
of an hour for each side. The distance between the axis of the 
spectrometer and the plate was 6°94 cm. 

The photographs, the reproduction of which is given on Plate 1, 
show a group of well-defined lines lying symmetrically on each side 
of the central beam. ‘The distances between corresponding lines 
are different for the different substances investigated. They 
decrease as the number of CH,-groups increases, that is, the spacing 
increases with the number of CH,-groups. These sharp lines were 
all found to be the various orders of reflection by the main set of 
planes, having a spacing which may be called d,. Besides the sharp 
lines, there are two rather broad lines outside. These lines, which 
show on all the plates except that of capric acid, are in the same 
position for all the substances. The spacings corresponding to these 
lines may be called d, and d,. The values of the three spacings are 
given in Table I, where “ M. p.” denotes the melting point, and NV 


TABLE I. 
Acid. M. p. N. d,. dy. d. 
REND. So0ss sebdesserccesdintevieseeesatiss — 10 23-2 — — 
PED a Divi anclenssisaiidnamedesanoente 43—44° 12 270 411 3-68 
EEE, to Noudcsagaracasnnetesisesosete — 14 32-2 4-12 3°72 
PON cai dseivebscced ccdeeebecctees 62:55 16 34-7 408 3-65 
a OE OEE OCCOTTTT COCT TT OPT TTT PET EE 69—69°5 18 38:7 4:05 3-62 
TE <os.ceshshebvurmmenvuissweniietelit 80-5 22 47-8 410 3-66 


* Not reproduced in Plate I. 


the total number of carbon atoms in the chemical formula. The 
table shows that there is a distinct increase in the spacing d, which 
corresponds to the increase in the number of carbon atoms or 
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CH,-groups in the substance. The increase of d, per CH,-group 
in the chemical formula is constant within the limits of error; its 
value is 
dd, /8N = 2°0. 

The approximate constancy of this increase is shown in Fig. 1. 

The existence of the two small spacings, d, and d,, which have the 
same value for all the substances investigated, suggests that the 
unit cell is a long prism which has the same cross-section for all the 
substances in question. The length of the prism increases pro- 
portionally to the number of CH,-groups in the substance. It is 
obviously impossible to give the exact structure if the angles between 
the planes which constitute the cell are not known. If the angles 


Fia. 1. 
50 T Tin 
pm yy 
40 <n 
Poe | 

2 Poe i 
: 5 os 
~ 30 = 
: Poe 
& le 
eS eo 

20 

10 12 14 16 18 20 


N=total number of C atoms. 


are supposed to be right angles it is possible to calculate the number n 
of molecules in the unit cell. We have 
ror Oe Mol. wt. x Weight of H-Atom 
(1) ny = 8 x Volume of unit cell. = * 
For stearic acid, n is found to be very nearly 10. But if we 
calculate the length of the chain which is obtained by piling all the 
carbons and oxygens one on top of the other in a straight line, 
we find for that length something like 30 A.U. The observed 
spacing is 38-7 A.U. The difference is far too large to be accounted 
for by experimental errors. We have therefore to suppose that there 
is more than one molecule in the unit cell and that the assumed 
form of the cell is only an approximation. The right length of d, 
could be obtained by putting two or more molecules together in a 
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spiral or zigzag arrangement. How this can be done, and what 
assumptions are necessary to satisfy equation (1) must be the 
subject of a more detailed investigation. 

Photographs have also been taken with margaric and undecoic 
acid. These acids have odd numbers of carbon atoms, namely, 
17and 11. Margaric acid shows a series of lines which are arranged 
similarly to those shown in Plate I. In this case, however, each 
line is double and the distances correspond very nearly with those 
of stearic acid. Between the d, and dg lines which give the same 
spacing as the substances with an even number of carbon atoms 
there is another fairly broad line. Undecoic acid shows no peculari- 
ties. It is impossible to decide from the two photographs whether 
the different behaviour of margaric acid is due to impurities in the 
substance or to a different arrangement of the molecules. 

An experiment was also made with elaidic acid. A different 
phenomenon was found. Elaidic acid is, according to chemical 
analysis, stereoisomeric with oleic acid and belongs to the unsaturated 
type. The d, spacing, in spite of the fact that the substance con. 
tains the same number (18) of carbon atoms as stearic acid, is much 
larger than the corresponding d, of stearic acid. Its value is nearly 
48 A.U., that is to say, about 9 A.U. longer than the d, for stearic 
acid. The spacings d, and d, of elaidic acid are the same, within 
the limits of error, as the previous ones. From the differences in 
the d, spacing it would appear that the linking between the carbon 
atoms is of a different type in the unsaturated and saturated chains. 

It is interesting to note that the first and third orders of the d, 
spacing are very strong on all the photographs, the second and fifth 
moderately strong, and the fourth in most of the cases very weak. 
In the case of elaidic acid the 14th order of the d, spacing has been 
measured. 

Adam (Proc. Roy. Soc., 1922, 101, 452) has measured the length 
of these long chains in fatty acids by an entirely different method. 
He calculated them from the area and the density of unimolecular 
surface films. His figures are: myristic acid, 21:1; pentadecoic 
acid, 22°4; stearic acid, 26:2; behenic acid, 31:4 A.U. 

Considering the fact that Adam investigated the substances in a 
different state, it is obviously impossible that his figures should be 
in close agreement with the ones given in Table 1. The order of 
magnitude, however, is the same, and his figures, too, show dis- 
tinctly the increase of size of the chain with the increase of the 
number of CH,-groups in the molecule. 

Becker and Jahnke (Z. physikal Chem., 1923, 99, 242) made an 
investigation on fatty acids and analogous substances. From the 
dimensions which they attribute to the unit cell they appear to have 
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found in the case of lithium salts of acids with odd numbers of 
carbon atoms a typical increase of the largest spacing with increasing 
number of CH,-groups. Their results with the acids which have 
been investigated in the present paper are in almost complete dis- 
agreement with those given above (except for lauric acid, where the 
authors give approximately the same value for d,). It seems 
to the author that the method which they used was not very suitable 
for finding these large spacings. The reason why has been pointed 
out at the beginning of this paper. 


In conclusion, the author wishes to take this opportunity of 
thanking Professor Sir W. Bragg for his very kind interest in the 
work. It is well known that the substances used in this investiga- 
tion are very difficult to prepare in a pure state, and the author 
gratefully acknowledges the help received from Mr. N. K. Adam, 
of Sheffield University, from whom most of the specimens were 
obtained, and from Mr. W. E. Garner, of University College, London, 
for his preparation of the capric and the undecoic acids. He also 
wishes to express his indebtedness to the Department of Scientific 
and Industrial Research, whose support made this work possible. 


UNIVERSITY COLLEGE, 
GowER Sr., W.C. 1. [Received, July 4th, 1923.] 


CCXXVII.—The Isomerism of the Dinitrobenzidines. 
By Oscar Listz Brapy and GERALD Patrick McHvaeu. 


Srrakoscu (Ber., 1872, 5, 236), by the nitration of diacetylbenzidine 
and subsequent hydrolysis of the acetyl compound, obtained a 
dinitrobenzidine (I) in which the nitro-groups were in the ortho- 
position to the amino-groups. This was shown by Brunner and 
Witt (Ber., 1887, 20, 1024) by reduction to the tetra-amine (II), 
which with nitrous acid gave an azoimide (III) and with benzil a 
diquinoxaline (IV). 


wa \ AA /NwiaPh 
NO NH N N°CPh 
° games ee © ) 
/ ‘ ‘< aN F 
Om OM OME © 
NH. 


2048 BRADY AND MCHUGH : 


Later, Bandrowski (Monaish., 1887, 8, 471) prepared a dinitro. 
benzidine by the nitration of diphthalylbenzidine. 

Cain, Coulthard, and Micklethwait (T., 1912, 101, 2298; 1913, 
103, 586, 2074; 1914, 105, 1437) pointed out that the identity of 
the dinitrobenzidines obtained by Strakosch and Bandrowski had 
been assumed without warrant in the literature and they re. 
investigated the problem. They showed that the two dinitro. 
benzidines were distinct, that obtained by Strakosch’s method 
melting at 275° and that by Bandrowski’s at 233°. On removal 
of the amino-groups by diazotising and boiling with alcohol, two 
dinitrodiphenyls were obtained melting at 197—198° and 110°, 
respectively. Both dinitrobenzidines on reduction gave tetra- 
amines which, on condensation with benzil, gave the same 
diquinoxaline, and further when the acetyl derivatives of both 
were oxidised 3-nitro-4-acetylaminobenzoic acid was obtained. In 
both cases, therefore, at least one nitro-group was in the ortho- 
position to the amino-group and the condensation of the tetra- 
amines with two molecular proportions of benzil suggested that 
both nitro-groups were also in that position. 

Cain and his co-workers finally adopted the Kaufler formula for 
diphenyl (V) (Annalen, 1907, 351, 151) and represented Strakosch’s 
compound as 3: 5’-dinitrobenzidine (VI) and Bandrowski’s as 
3 : 3’-dinitrobenzidine (VII). 


NH, NH, 
f Ce 
\ nf 
NOK / One. 
NH, NH, 
(V.) (VI.) (VIL) 


At that time this type of isomerism was a novelty, but recently 
the work of Kenner and his collaborators (T., 1921, 119, 593; 
1922, 121, 614; this vol., p. 779) has clearly shown that isomerism 
of a special type exists among diphenyl compounds. 

A few points remain, however, to be cleared up in connexion with 
the dinitrobenzidines, and the present work was undertaken with 
the view of confirming and completing as far as possible the earlier 
investigations. The determination of the position of the nitro- 
groups in the case of 3 : 3’-dinitrobenzidine depends on the isolation 
of a small quantity of 3-nitro-4-acetylaminobenzoic acid on 
oxidation and the production of a diquinoxaline on reduction to 
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the tetra-amine and condensation with benzil; no description is 
given of any attempt to obtain an azoimide from the tetra-amine 
as in the case of that derived from 3: 5’-dinitrobenzidine. Cain 
claimed that the same diquinoxaline was obtained from both tetra- 
amines, but the only evidence that was given was a mixed melting- 
point determination, which, with compounds of this type melting 
at 299—300°, is not completely convincing. It has, moreover, 
not been made clear whether the two tetra-amines are identical or 
otherwise, an interesting point in view of the fact that, so far, this 
type of isomerism has been observed only with nitro-derivatives of 
diphenyl. 

Some of these points have now been decided. First, it has been 
shown conclusively that Strakosch’s dinitrobenzidine is a di-ortho- 
substituted diamine by its synthesis in such a way as to leave no 
doubt of its constitution. This has been carried out as follows : 


C6 6 
5 ORR a 


Ry ‘ a ) (XI) (XII.) 


The dinitrodiethoxydipheny] obtained in the course of this synthesis 
was found to be identical with that obtained by the nitration of 
diethoxydiphenyl, although it was hoped that isomerism analogous 
to that of the dinitrobenzidines would be observed. Cain and his 
collaborators assumed that Strakosch’s compound was the 3: 5’- 
derivative on account of its higher melting point. This view is 
supported by the above synthesis, as Kenner and others (loc. cit.) 
have shown that the dinitrodiphenic acid obtained by a similar 
method has an analogous constitution. 

Secondly, it has been found that the tetra-aminodiphenyls 
obtained by reduction of the two nitro-compounds are distinct, 
although they apparently give the same diquinoxaline with benzil, 
as stated by Cain. This is analogous to the behaviour of the acid 
chlorides of the two dinitrodiphenic acids described by Kenner 
and Stubbings, which gave the same compound on treatment with 
hydrazine. Bandrowski (loc. cit.) apparently thought that the 
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tetra-aminodiphenyl obtained by the reduction of his dinitro. 
benzidine was the same as that prepared from Strakosch’s com. 
pound, but he produces little evidence in support. We have 
found that the hydrochlorides of the two tetra-amines differ greatly 
in solubility and are of distinct crystalline form; moreover, their 
solutions in dilute hydrochloric acid behave quite differently 
towards nitrous acid. The oxidation of both dinitrobenzidines to 
3-nitro-4-acetylaminobenzoic acid, as described by Cain and others, 
has been repeated and confirmed, and in view of this and the 
quinoxaline condensation there seems no doubt that the orient- 
ation of the two compounds has heen correctly inferred. On the 
other hand, although the formation of an azoimide from the tetra- 
amine obtained from Strakosch’s dinitrobenzidine has been con- 
firmed (compare Brunner and Witt, loc. cit.), an acid solution of 
the tetra-amine from the other dinitrobenzidine, on treatment with 
nitrous acid, gave a dark brownish-red, amorphous compound which 
was undoubtedly not an azoimide; it could not, however, be 
satisfactorily purified and it has not been fully investigated. 

It is remarkable that the isomeric dinitrobenzidines and their 
derivatives are not interconvertible, except in the case of quin- 
oxaline formation, and attempts have been made to bring this 
about; 3: 5’-dinitrobenzidine was phthalylated and the product 
hydrolysed, and 3: 3’-dinitrobenzidine was acetylated and the 
product hydrolysed; acid, in place of alkali, hydrolysis was em- 
ployed in the usual preparation of the former and vice versa, but no 
evidence of interconversion was obtained. 


EXPERIMENTAL. 


4-Iodo-2-nitrophenetole (X).—Ten grams of nitrophenacetin (VII), 
prepared according to the method described in D.R.-P. 101778, 
were warmed with 250 c.c. of 20 per cent. sulphuric acid until 
dissolved and then treated on the water-bath for an hour. The 
solution was rapidly cooled with thorough shaking, when the pink 
sulphate of 3-nitro-p-phenetidine (IX) separated in a finely divided 
crystalline condition. The suspension was cooled to 0°, 3-5 grams 
of sodium nitrite in water were added, and the mixture was kept 
at 0° for an hour, when a solution of 18 grams of potassium iodide 
was run in. The mixture was left for some hours to attain room 
temperature and finally heated on the water-bath. The oily iodo- 
compound was extracted with ether, the ethereal solution washed 
thoroughly with sodium thiosulphate solution in order to remove 
iodine, dried over anhydrous sodium sulphate, and the solvent 
removed. The mass of red crystals left was crystallised first from 
alcohol and then from light petroleum, when 4-iodo-2-nitrophenetole 
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was obtained in large, orange-red, irregular crystals melting at 80° 
(Found : I = 43-2. C,H,O,NI requires I = 43-3 per cent.). 

3 : 5’-Dinitro-4 : 4’-diethoxydiphenyl (X1).—4-Iodo-2-nitrophene- 
tole was mixed with its own weight of copper powder (freshly 
prepared by precipitation from copper sulphate with zinc, washed 
with alcohol and ether, and dried), and the mixture heated in an 
oil-bath first for forty minutes at 185—195° and then for twenty 
minutes at 215—-220°. After cooling, the melt was extracted with 
boiling glacial acetic acid, the solution cautiously diluted with 
water, and the precipitated compound crystallised from acetic 
anhydride, when the 3: 5’-dinitro-4 : 4’-diethoxydiphenyl obtained 
melted at 192—193°. This compound was also prepared by the 
nitration of 4: 4’-diethoxydiphenyl according to the method of 
Hirsch (Ber., 1889, 22, 336), but it was found better to stir 
mechanically during the nitration and to crystallise from acetic 
anhydride instead of from glacial acetic acid. The 4: 4’-diethoxy- 
diphenyl is best prepared by Hirsch’s method by the ethylation 
with ethyl iodide of 4 : 4’-diphenol prepared from benzidine ; we have 
also prepared it by the action of copper powder on p-iodophenetole. 

3 : 5’-Dinitrobenzidine (XII).—The 3: 5’-dinitro-4 : 4’-diethoxy- 
diphenyl was heated in a sealed tube for five hours with alcoholic 
ammonia at 160—170°. The liquid in the tube, when cool, con- 
tained brilliant red crystals, which were separated and crystallised 
by dissolving in boiling alcohol, in which they were sparingly 
soluble, and, after cooling carefully diluting the solution with water. 
In this way a compound was obtained resembling in appearance 
and solubility the 3: 5’-dinitrobenzidine obtained by Strakosch 
(Found: N= 20-0. Calc., N = 20-4 per cent.). It melted at 
268°, and at 266—268° when mixed with a sample of dinitro- 
benzidine prepared by Strakosch’s method. 

The alcoholic filtrate from the tube was diluted with water and 
gave ared, pasty material which resisted all attempts at purification ; 
owing to the small amount available, it was not further investigated. 

Diacetylbenzidine.—Strakosch acetylated benzidine by boiling 
with glacial acetic acid, but a better result was obtained by boiling 
20 grams of benzidine under reflux for two hours with a mixture 
of 22 c.c. of acetic anhydride and 50 c.c. of glacial acetic acid, 
diluting, and purifying the precipitated diacetylbenzidine by 
repeated extraction with boiling alcohol, in which it is almost 
insoluble. 

3:3’- and 3: 5’-Dinitrodiphenyl_—The following method for 
preparation of these compounds was found to be an improvement 
on that described by Brunner and Witt. To 125 c.c. of absolute 
alcohol, 50 c.c. of fuming sulphuric acid (20 per cent. SO,) were 
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cautiously added with thorough cooling, followed by 5 grams of 
finely powdered 3:3’- or 3: 5’-dinitrobenzidine. The ‘solution 
was heated on the water-bath and 15 grams of dry, powdered 
sodium nitrite were added in small portions at a time with thorough 
shaking. After heating on the water-bath for a further thirty 
minutes to complete the reaction, dilution with water precipitated the 
dinitrodiphenyl, which was purified by crystallisation from alcohol. 

3:3':4:4'- and 3: 5':4: 4'-Tetra-aminodiphenyl.—The reduc- 
tions of the two dinitrobenzidines were carried out under com- 
parable conditions by the method given by Brunner and Witt. 
Five grams of dinitrohenzidine were ground with the calculated 
amount of stannous chloride, and 100 c.c. of concentrated hydro- 
chloric acid added. The mixture was heated on the water-bath 
for three hours, until a test portion on dilution with water gave no 
precipitate. The solution was greatly diluted and the tin pre- 
cipitated with hydrogen sulphide. The filtrate was rapidly evapor- 
ated over a naked flame, at the same time a stream of hydrogen 
sulphide being led in. Where 3: 5’-dinitrobenzidine was reduced, 
brown needles of the tetra-amine hydrochloride crystallised out 
when the bulk of the liquid reached about 170 c.c., but from 3 : 3’- 
dinitrobenzidine the tetra-amine hydrochloride did not separate 
until the bulk of the liquid was about 30 c.c. In both cases, the 
solution was evaporated to dryness on the water-bath, the hydro- 
chlorides were re-dissolved, and the last traces of tin precipitated by 
passing into the solutions more hydrogen sulphide. The filtrates 
were concentrated to small bulk, and hydrogen chloride was passed 
in, when 3: 5’: 4: 4’-tetra-aminodiphenyl hydrochloride was pre- 
cipitated in a crystalline condition from one, but no hydrochloride 
was precipitated from the other; this was therefore evaporated to 
dryness on the water-bath, the hydrochloride dissolved in alcohol, 
and the solution saturated with hydrogen chloride, when the 
3: 3’:4:4’-tetra-aminodiphenyl hydrochloride was precipitated 
in a crystalline condition (Found: N = 156. C,.H,,N,Cl, re- 
quires N = 15:5 per cent.). 3:5’: 4: 4’-Tetra-aminodiphenyl has 
been analysed previously. Specimens of the two hydrochlorides 
were prepared for microscopic examination in two ways. A small 
quantity of each hydrochloride was dissolved in a drop of water 
on a slide and the solution allowed to evaporate slowly; the 
3: 5’:4:4’-tetra-aminodiphenyl hydrochloride soon began to 
crystallise, but the 3:3’:4:4’-compound separated only when 
the solution was nearly dry. When both solutions were dry, the 
crystals were mounted in Canada balsam. Two other slides were 
prepared with the crystals obtained by dissolving the hydrochlorides 
in alcohol and precipitating by passing in hydrogen chloride. 
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Although the crystals were too irregular to decide their nature, 
there was no doubt that as obtained by both methods they were 
quite distinct. 

Both tetra-amines were condensed with benzil as described by 
Cain; the products obtained melted, separately and when mixed, 
at the same temperature, and when examined under the micro- 
scope were of the same appearance, although not visibly crystalline. 
As far as the evidence goes, Cain’s contention that they gave the 
same diquinoxaline is therefore confirmed. When, however, the 
two tetra-amines are acted upon with nitrous acid, they behave 
very differently. The hydrochlorides were dissolved in dilute 
hydrochloric acid, the solutions cooled to 0°, and two equivalents 
of sodium nitrite in aqueous solution added. 3: 5’: 4: 4’-Tetra- 
aminodiphenyl gave a brownish-white, crystalline precipitate which 
after crystallisation from acetone and water was found to be 
identical with the diphenyldiazoimide obtained by Brunner and 
Witt by the same method. 3:3’:4:4’-Tetra-aminodiphenyl, on 
the other hand, gave a precipitate of a brownish-red, amorphous 
substance which could not be crystallised. It was sparingly 
soluble in, and was partly purified by washing with, hot alcohol. 
On ignition, no inorganic matter was left and a single analysis gave 
C = 56:04, H = 3-95, and N = 21-4 per cent. This corresponds 
to a compound of the formula (C,.H,,O;N,),, but owing to the 
difficulty in purifying the substance not much reliance can be 
placed on this result. 


THe RawtpeH Forster LABORATORY OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, July 2nd, 1923.] 


CCX XVIII.—Chromoisomerism in the Stilbene Series. 
By Nicnoias MicnaEt CULLINANE. 


IN a recent research (unpublished), 4-nitro-2-amino-4’-methoxy- 
stilbene was observed to exist in two different solid forms, one 
yellow, the other red. It seemed of interest, therefore, to subject 
similar derivatives of stilbene to a like investigation, and to 
examine the conditions under which the differently coloured 
modifications existed. Pfeiffer (Ber., 1915, 48, 1777; 1916, 49, 
2426; 1918, 51, 554) had previously observed the same pheno- 
menon in the case of certain other stilbene compounds. He found 
that the two forms (yellow and red), although they had the same 
melting point and gave identical colours in solution, were not 
dimorphic forms, for in many cases different additive compounds 
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were produced by each modification, and, furthermore, reversible 
phenomena of the following kind were sometimes observed : the 
yellow form of 2-nitro-4’-methoxystilbene-4-carboxylic acid gave 
an orange pyridine salt, whilst the orange acid gave a yellow 
pyridine salt, the acids being regenerated by treatment with hydro. 
chloric acid. It was found possible to go by a series of reactions 
from the yellow acid to the orange acid and vice versa in this way : 


Yellow acid —> orange salt —> (with excess of pyridine) 
yellow salt —> orange acid —> (on heating) yellow acid. 


In Pfeiffer’s view, these nitromethoxystilbenes exist in two 
forms only when the methoxy] group is in the para-position ; when 
it is in the ortho- or the meta-position, there is only one form. 
The other benzene nucleus contains a nitro-group in the ortho- or 
the para-position. The substitution of hydrogen, or an alkyl 
or acyloxy-group for methoxy] causes the phenomenon to disappear, 
but replacement of methoxy] by hydroxy] is without this effect. This 
led Pfeiffer to the conclusion that the nitrostilbenes occur in forms 
of different colour only when, in addition to the chromophoric 
groups (nitro-group and ethylene linking), an auxochromic group 
is also present. Of the two varieties, the paler one is similar in 
colour to the corresponding compound lacking the auxochrome, 
whilst in the more deeply coloured substance the typical effect of 
the auxochromic radicle is made manifest. 

In the present work, several nitrohydroxystilbenes were 
examined, compounds containing the hydroxyl group in the para- 
position being first studied. 4-Nitro-4’-hydroxystilbene, like 4-nitro- 
4’-methoxystilbene (Pfeiffer, Ber., 1915, 48, 1794), was found to 
exist in two forms, one golden-yellow, the other greenish-yellow. 
The latter form was unstable and was readily converted into the 
former on being rubbed or heated. Both modifications melted at 
the same temperature, and the colours of each in solution were 
identical. The compound produced by acetylating the hydroxyl 
group was obtained, as expected, in one form only—yellow. 

Two forms were also obtained in the case of 2 : 4-dinitro-4’- 
hydroxystilbene, one red (the stable modification) the other 
yellow. The latter, on being heated, turned red, and melted at 
the same temperature as the red form (2 : 4-dinitro-4’-methoxy- 
stilbene was found by Pfeiffer, Ber., 1915, 48, 1780, to exist in 
one form only). 2: 4-Dinitro-4’-acetoxystilbene could not be 
obtained in more than one form. 

o-Hydroxystilbene derivatives were also investigated, and in 
every case one form only of each substance was found to exist; 
for example, 2 : 4 : 6-trinitro-2’-hydroxystilbene was isolated as a 


CULLINANE : CHROMOISOMERISM IN THE STILBENE SERIES. 2055 


yellow substance. The product from the interaction of p-nitro- 
phenylacetic acid and salicylic acid, in the presence of a little 
piperidine, consisted almost entirely of 3-p-nitrophenylcoumarin : 

OH + HO,¢ - | as co 
Sco + Hi6-cH yo, OPS cud-cgH,-No, + 2#20- 
In addition, there was. a small amount of oil which, on treatment 
with acetic anhydride, gave a compound which analysis indicated 
to be 4-nitro-2’-acetoxystilbene. 

Derivatives of m-hydroxystilbene also showed no tendency to 
crystallise in more than one form, the 4-nitro-, 2 : 4-dinitro-, and 
2:4: 6-trinitro-derivatives of 3’-hydroxystilbene all being obtained 
as yellow substances only. 

Stilbene compounds containing a nitro-group in the meta- 
position had not been previously examined for the purpose of 
determining if they yielded forms of different colour. m-Nitro- 
phenylacetic acid was therefore condensed, by the usual method, 
with p-hydroxybenzaldehyde. The product, 3-nitro-4’-hydroxy- 
stilbene, was found to exist only in one form, which was colourless. 
As 4-nitro-4’-hydroxystilbene is yellow, the nitro-radicle in deriv- 
atives of stilbene is therefore, as regards deepening of colour, less 
effective in the meta- than in the para-position. The sole product 
obtained by condensing m-nitrophenylacetic acid and _ salicyl- 
aldehyde was 3-m-nitrophenylcoumarin. 

4:4’- and 4:3’-Dinitrostilbenes each crystallised in one form 
only. 

The colours of the above compounds in solution were observed 
to vary considerably with the nature of the solvent (about 0-01 
gram of the substance in 2 c.c. of the solvent was taken) : 


CoH, 


Derivative of Glacial acetic Trichloroacetic 
stilbene. Benzene. acid. acid. 
4-Nitro-4’-hydroxy. *Greenish-yellow. Deep yellow. Orange-red. 


Pale yellowish- Greenish-yellow. Deep  greenish- 
green. yellow. 
*Greenish- yellow. Orange-yellow. Orange-red. 


4-Nitro-4’-acetoxy. 


2: 4-Dinitro-4’- 
hydroxy. 


2: 4-Dinitro-4’- *Yellow—with Deep yellow. Orange-yellow. 
acetoxy. green tint. 

2:4: 6-Trinitro-2’- *Deep yellow. Orange-yellow. Orange-red. 
hydroxy. 


4.Nitro-2’-acetoxy. 


4-Nitro-3’-hydroxy. 


2: 4-Dinitro-3’- 
hydroxy. 

2:4: 6-Trinitro-3’- 
hydroxy. 


3- Nitro-4 | 


4: 4’.Dinitro. 
4: 3’-Dinitro. 


Greenish-yellow. 
*Greenish-yellow. 


*Yellow. 
*Yellow. 


*Pale yellow. 
*Faint yellow. 


Greenish-yellow. 


Orange-yellow. 


Deep yellow. 
Orange. 


Wine-red. 


Orange-yellow. 


Deep yellow. 
Deep yellow. 


Orange-yellow. 
Orange-yellow. 
Orange-red. 


Deep red. 
Orange-red. 


Deep yellow. 
Deep yellow. 


* In these cases 0-01 gram did not dissolve completely in benzene. 
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The wide divergency of colour in different solvents exhibited by 
these compounds is evidently due to the formation of additive 
compounds with the solvents, since in certain cases such products 
have been isolated. For example, from a moderately concentrated 
solution—deep red in colour—of 4-nitro-4’-hydroxystilbene in 
alcohol two additive compounds, C,,H,,0,N,2C,H;*OH (black) and 
C,,H,,0,N,C,H,*OH (red), have been obtained. 

In certain cases, attempted condensations under the usual con- 
ditions were unsuccessful. Thus o-nitro-p-toluic acid or its ethyl 
ester did not react with p-hydroxybenzaldehyde in the presence of 
piperidine. Also m-nitrophenylacetic acid did not appear to con- 
dense with benzaldehyde or with anisaldehyde. 2 : 4-Dinitro. 
phenylacetic acid was found to be incapable of reacting to give 
condensation products in the presence of piperidine, as the latter 
decomposed it even at a low temperature, giving in quantitative 
amount 2 : 4-dinitrotoluene. 


EXPERIMENTAL. 


The general method employed for the preparation of the stilbene 
compounds described in this paper was the condensation, in the 
presence of piperidine, of nitrotoluenes and aromatic aldehydes. 
Mononitrotoluenes did not react, however, under the usual con- 
ditions of these experiments, and mononitrophenylacetic acids were 
accordingly used for the preparation of mononitrostilbene deriv- 
atives. The employment of piperidine in such reactions is due to 
Pfeiffer and Sergiewskaja (Ber., 1911, 44, 1107), and it is found 
to effect the elimination of both water and carbon dioxide : 


O,N-C,H,CH,CO,H + OHC-C,H,OH = 
O,N-C,H,CH:CH-C,H,OH + CO, + H,0. 


When piperidine is not present, higher temperatures are required, 
and water only is. removed, the products being substituted phenyl- 
cinnamic acids, the elimination of carbon dioxide from which is 
usually very difficult (compare Walther and Wetzlich, J. pr. Chem., 
1900, [ii], 64, 181; Oglialoro, Jahresber., 1897, 731). Stilbene- 
carboxylic acids have also been prepared by Pschorr (Ber., 1886, 
29, 497), who employed the Perkin reaction. 

4-Nitro-4’ -hydroxystilbene.—This compound, described by Hewitt, 
Lewcock, and Pope (T., 1912, 101, 606), is obtained in good yield 
by the following method: A mixture of 2 grams of p-nitrophenyl- 
acetic acid (best got by Borsche’s method, Ber., 1909, 42, 3596) 
and 1 gram of p-hydroxybenzaldehyde was heated with ten drops 
of piperidine for one hour at 140°, at which temperature vigorous 
evolution of gas was observed. The dark, solid product was washed 
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with cold alcohol, and after crystallisation from glacial acetic acid, 
or better from dilute alcohol, a pure product resulted, consisting 
of bright yellow leaves, melting at 204° (the previous investigators 
gave the melting point as 193°). 

Two additive compounds with alcohol were isolated. On allow- 
ing @ fairly concentrated solution in that solvent to evaporate 
slowly at the room temperature, black needles, melting at 158°, 
separated (Found: C,H,O = 25-4. C,,H,,0,N,2C,H,O requires 
(,H,0 = 27-6 per cent.). On pouring a hot concentrated alcoholic 
solution into a little water, a red powder was precipitated (Found : 
(,H,0 = 15-9. C,,H,,0,N,C,H,O requires C,H,O = 16-0 per cent.). 
Both these additive compounds on long standing or on heating or 
rubbing were observed to lose alcohol, giving a canary-yellow 
powder. The red substance, on being heated, changed to yellow 
at about 100° and melted at the same temperature as the alcohol- 
free substance. 

The yellow modification was found to be the stable one, but a 
second form was also isolated. On addition of light petroleum 
to a cold dilute benzene solution, and very rapid evaporation of 
the solvents, greenish-yellow, microcrystalline leaflets were obtained. 
This variety readily changed to yellow on being rubbed or heated. 

4-Nitro-4’-hydroxystilbene is soluble in most organic solvents, 
but not very soluble in benzene or ligroin. On boiling it with acetic 
anhydride, the acetyl derivative was obtained as yellow plates, 
melting at 182—184°. It was only slightly soluble in ether or 
alcohol, somewhat more soluble in benzene, and readily soluble in 
chloroform, glacial acetic acid, or acetone (Found: N = 5-07. 
C,sH,,0,N requires N = 4-95 per cent.). The solution in con- 
centrated sulphuric acid is intense violet in colour. 

2 : 4-Dinitro-4'-hydroxystilbene.—This compound was produced in 
90 per cent. yield by condensing, in presence of piperidine, equivalent 
proportions of 2 : 4-dinitrotoluene and p-hydroxybenzaldehyde at 
150° for one hour. One crystallisation from glacial acetic acid 
was sufficient to give the pure compound, m. p. 158° (compare 
Pfeiffer and others, Annalen, 1916, 441, 72), who also obtained it 
by hydrolysing the acetyl derivative with methyl-alcoholic potash). 
The above compound also resulted in small yield from the con- 
densation of 2 : 4-dinitrobenzaldehyde and p-cresol. The aldehyde 
was prepared by decomposing the p-diethylaminoanil (formed by 
condensing p-nitrosodiethylaniline and 2 : 4-dinitrotoluene; Sachs 
and Kempf, Ber., 1902, 35, 1227) with dilute nitric acid. Five 
grams of dinitrobenzaldehyde and 2-5 grams of p-cresol were heated 
with 10 drops of piperidine under an air condenser at 140° for 
one and a half hours. The oily product, after being washed with 
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alcohol and crystallised several times from glacial acetic acid, was 
obtained in a pure condition. 

Two modifications were isolated. From a moderately concen. 
trated, hot solution in glacial acetic acid, large, deep-red prisms 
were deposited on cooling. On pouring a fairly dilute, cold solu. 
tion in the same solvent into water, with shaking, a deep yellow 
product separated, consisting of fine needles. The latter is the 
unstable modification. At about 100° its colour changed to red, 
and it melted at the same temperature as the stable form. The 
colours given by both forms in solution were found to be identical. 
Yellow, fern-like crystals were obtained by recrystallisation from 
acetone. The solution in concentrated sulphuric acid or in alcoholic 
caustic soda is violet in colour. 

3-p-Nitrophenylcoumarin.—When salicylaldehyde reacts with 
phenylacetic acid or its nitro-derivatives, the main products are 
3-phenylcoumarins, and stilbene compounds are formed only in 
very small amount (compare Walther and Wetzlich, loc. cit., p. 
186; Borsche, loc. cit., p. 3598). In the case of p-nitropheny]- 
acetic acid, the following was the method employed : 

Two grams of p-nitrophenylacetic acid and an equivalent amount 
of salicylaldehyde were heated under an air condenser with ten 
drops of piperidine at 130° for one hour, the reaction mixture 
being well shaken from time to time. The brown, oily product 
was washed several times with alcohol, the residue consisting of 
yellowish-white, crystalline scales, melting at 262°. It was almost 
insoluble in chloroform, acetone, or alcohol, slightly soluble in 
boiling glacial acetic acid, and readily soluble in nitrobenzene or 
tetrachloroethane. It may be recrystallised from nitrobenzene. 

4-Nitro-2’-acetoxystilbene—On evaporation of the solvent from 
the alcohol solution obtained in the above reaction, a dark oil 
remained, and this was dried and heated with excess of acetic 
anhydride. After boiling under reflux for four hours, a small 
quantity of bright yellow prisms separated on cooling and melted 
at 135°. The compound was soluble to some extent in alcohol 
or benzene, and dissolved very readily in glacial acetic acid, chloro- 
form, or acetone (Found: N = 5:12. C,,H,,0,N requires N = 
4-95 per cent.). 

2:4: 6-Trinitro-2’-hydroxystilbene—A mixture of 4:5 grams of 
salicylaldehyde and 2-4 grams of 2:4: 6-trinitrotoluene together 
with fifteen drops of piperidine was heated at 160° for three hours. 
The product, after washing with alcohol, and repeated crystallis- 
ation from glacial acetic acid, was deposited as yellow needles, 
which melted at 148°. The yield was fair (Found: N = 12°86. 
C,,H,O,N, requires N = 12-69 per cent.). 
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4.Nitro-3'-hydroxystilbene.—p-Nitrophenylacetic acid (3-6 grams) 
and m-hydroxybenzaldehyde (2-4 grams) were heated with ten 
drops of piperidine to 110°, at which temperature vigorous efferves- 
cence was observed. The temperature was kept constant at 110° 
for one hour, when the oily product, after being washed with a 
little alcohol and crystallised from the same solvent, was obtained 
pure, in bright yellow clusters of needles melting with decomposition 
at 188°. It dissolved readily in acetone or glacial acetic acid, but 
was only slightly soluble in ether, chloroform, or carbon tetra- 
chloride. The yield was good (Found: N=6-01. C,,H,,0,N 
requires N = 5-81 per cent.). 

2 : 4-Dinitro-3’-hydroxystilbene.—A mixture of 3 grams of 2 : 4-di- 
nitrotoluene and an equivalent amount of m-hydroxybenzaldehyde 
together with ten drops of piperidine was heated at 140° for an hour. 
The dark-coloured product was washed with alcohol and taken up 
with glacial acetic acid, from which it crystallised in yellow prisms 
melting at 194°. The yield was good (Found: N = 9-77. C,,H,,0;N, 
requires N = 9-79 per cent.). The compound was slightly soluble 
in alcohol or chloroform, but dissolved readily in acetone. 

2:4: 6-Trinitro-3’-hydroxystilbene was obtained in a similar 
manner to the above from 2 : 4 : 6-trinitrotoluene and m-hydroxy- 
benzaldehyde. The product, after crystallisation from glacial 
acetic acid, formed yellow leaflets, melting with decomposition at 
205°. The yield was small (Found: N = 12-66. C,,H,O,N, requires 
N = 12-69 per cent.). The crystals were slightly soluble in chloro- 
form or alcohol, readily soluble in acetone or glacial acetic acid. 

3-Nitro-4’-hydrozystilbene—A mixture of m-nitrophenylacetic 
acid (2 grams), p-hydroxybenzaldehyde (1-4 grams), and ten drops 
of piperidine was heated at 160—170° until all evolution of gas 
had ceased (about one hour). The brown, oily product was washed 
with a little cold alcohol, and then crystallised a few times from 
hot alcohol. A small yield was obtained of 3-nitro-4’-hydrozxy- 
stilbene, consisting of fine, white needles which melted at 210°. 
It may be crystallised from acetone (Found: N = 5°81. C,,H,,O,N 
requires N = 5-81 per cent.). 

3-m-Nitrophenylcoumarin.—Three grams of m-nitrophenylacetic 
acid and 2-1 grams of salicylaldehyde were heated under an air 
condenser with ten drops of piperidine to 160—170°. In a few 
minutes the reaction mixture solidified to a cake and was main- 
tained at the same temperature for an hour longer. The product 
was washed thoroughly with boiling alcohol, the residue consisting 
of a white solid. The latter was almost pure 3-m-nitrophenyl- 
coumarin. It may be recrystallised from glacial acetic acid, when 
it forms colourless, feathery needles melting at 254°. It is slightly 
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soluble in most organic solvents, but dissolves readily in hot nitro. 
benzene or tetrachloroethane (Found: N = 5-31. C,,H,O,N 
requires N = 5-24 per cent.). The yield is almost quantitative. 

4 : 4’. Dinitrostilbene.—p-Nitrobenzaldehyde (3 grams) and p-nitro- 
phenylacetic acid (3-6 grams) were heated at 120° with ten drops 
of piperidine for an hour. The resulting solid was washed with 
hot alcohol and extracted with boiling glacial acetic acid, from 
which pale yellow needles, melting at 234—235°, separated out, 
The yield was fair (Found : N = 10-53. Cale., N = 10-37 per cent.). 
The product may be recrystallised from nitrobenzene. Walden and 
. Kernbaum (Ber., 1890, 23, 1959) give the m. p. as 210—216°. 

4 : 3’-Dinitrostilbene—This compound was readily prepared in a 
similar manner to that described above, m-nitrobenzaldehyde being 
substituted for p-nitrobenzaldehyde. On warming, vigorous effer- 
vescence ensued, and the temperature was maintained at 100° for 
one hour, the mixture being shaken from time to time. The 
nitrostilbene, after being washed with alcohol and crystallised from 
glacial acetic acid, was obtained as yellow needles melting at 155°. 
It is slightly soluble in alcohol, giving a green solution, soluble in 
chloroform, benzene, or acetone. In the latter solvent, a deep 
green colour is produced (Found: N = 10-38. C,,H90,N, requires 
N = 10-37 per cent.). 


In conclusion, the author desires to express his thanks to Pro- 
fessor T. Campbell James for giving him facilities for carrying out 
the work, and also for his kindly interest. 


THe Epwarp Davies CHEMICAL LABORATORIES, 
ABERYSTWYTH. (Received, June 9th, 1923.) 


CCOXXIX.—Surface Phenomena in Sucrose Solutions. 
By Raymond RenarD BUTLER. 


THE purpose of this preliminary investigation was to discover a 
relation between surface tension, osmotic pressure, and adsorption 
at the surface of solutions of sucrose of various concentrations, 
with special reference to the exosmosis phenomena which have 
been shown by Ozapek to occur in plant-cells when immersed in 
solutions having surface tensions 0-65 to 0-68 times that of water. 
It seemed possible that an explanation might be found in adsorp- 
tion, and prior to the investigation of solutions the surface tensions 
of which were lower than that of water, examination was made of 
solutions of higher surface tension, in order to obtain some idea of 
the magnitude of the Gibbs adsorption constant. 
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Morse and his collaborators (Amer. Chem. J., 1912, 48, 29) 
found that the osmotic pressures of sucrose solutions of concen- 
trations up to (weight) normal follow the van’t Hoff gas laws. 
The values recorded by other investigators, however, are not 
concordant (Castell-Evans, Physico-chemical Tables, Vol. IT), and 
therefore the surface tensions of such solutions under varying con- 
ditions of temperature and concentration have been determined, 
and, in addition, the relation between the density and the tem- 
perature of the various solutions. 

The paper therefore divides naturally into three parts, namely, 
the relation between density and temperature, the determination 
of surface tension, and the relationship between surface tension 
and osmotic pressure. 


Density-Temperature Curves. 


These were obtained in the usual way. The pyknometer was 
filled with air-free, distilled water and standardised at a series of 
temperatures in a thermally-regulated bath. In this way, the 
exact volume of liquid contained by the instrument at known 
temperatures was ascertained, and the procedure was then repeated 
with sugar solutions of known strengths. 

Pure white crystal sugar was used. The strengths of the solutions 
were determined polarimetrically, and checked against the density— 
concentration figures at 15° recorded by Plato (Z. Ver. Deut. 
Zuckerind, 1900, 50, 982). 


Densities of Sugar Solutions. 
The following series of sugar solutions was made up: 


Per cent. Per cent. Polarimeter 
by volume. by weight. Normality. arr. reading. 
6-48 6-32 0-19 1-02511 8° 39’ 
13-39 12-73 0-39 1-05174 17° 49” 
20-52 19-00 0-60 1-07900 £7? is’ 
27-67 25-01 0-81 1-10656 36° 50’ 
32-62 29-00 0:95 1:12491 — 


The densities of these solutions were then determined. 


Normality of 
solution. (Water). 0-19N. 0-39N. 0-60N. 0-81N. 
Density of solution. 
Temperature. " 
0° 0-9999 1-027 1-054 1-082 1-110 
10 0-9997 1-026 1-053 1-081 1-108 
20 0-9982 1-024 1-051 1-078 1-105 
30 0-9958 1-0215 1-048 1-075 1-1015 
40 0-9923 1-018 1-044 1-071 1-097 
50 0-9882 1-014 1-040 1-066 1093 
60 0-9834 1-009 1-035 1-061 1-087 


70 0-9779 1-003 1-029 1-055 1-081 
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Determination of Surface Tension. 


The capillary tube method was employed, the tube, attached 
to a finely divided scale, which was read by the aid of a pocket 
lens, being contained in an outer tube immersed in a constant- 
temperature bath. Four different strengths of sugar solutions 
were used, and temperature—surface tension readings taken over 
the range 14° to 70° (o = 4rhdg). 


r (mean 
Percentage of sugar. value in 
Normality. e*. By vol. By wt. cm.). 

(water) 0-9995 —_ _ 0-0319 

0-20 1-0267 6-90 6-72 0-0362 
0-40 1-0528 13-64 12-96 is 
0-61 1-0805 20-91 19-36 a 
0-82 1-1071 27-93 25-23 oa 


The following values of the surface tension at intervals of 10° 
were obtained. The table contains also the calculated values of 
u (see below). 


Norm- 0-20 0-40 0-61 0-8 


ality. (Water). N. N. N. N. 

Temp. C. o uxl0® oo wuwxld® oo uxld® o wx!10°, 
10° 74-0 74-5 6-1 750 12:0 755 18:5 76-1 24-8 
20 72-2 72-8 5-9 73-2 116 73-7 417-9 742 23-9 
30 70-6 71-1 5:7 71-5 11-2 71-9 17:3 72-4 23-1 
40 69-1 695 55 699 109 70-3 16-7 70-8 22-4 
50 67-5 679 54 683 106 687 162 69-2 21-7 
60 66-0 664 52 668 10:2 67-2 15:7 67-7 21-0 
70 64-6 65:0 50 65-4 99 658 15:3 663 20-4 


These values of « (dynes/cm.) agree very well with those calculated 
from the formula, suggested by Knipp (Physical Rev., 1900, 11, 
129), connecting surface tension und temperature over a limited 


range : 


where ¢ is the temperature and A and B are constants. 

For the curves shown, the average values of these constants 
are A = 0-00247 and B = 0-00000469. 

The accuracy with which surface tension can be determined 
depends on the accuracy of measurement of the height of the 
liquid in the capillary tube. The viscous nature of these sucrose 
solutions necessitated the use of a tube of somewhat wider dimen- 
sions than usual. A tube of radius 0-0362 cm. gave satisfactory 
results in the case of the more viscous solutions, but it should be 
noted that the value found for water at 25° is lower by 0-8 per 
cent. than that recorded by Richards and Carver (J. Amer. Chem. 
Soc., 1921, 43, 827). 
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Temperature. 


10° 


1, 
od 


BUTLER : SURFACE PHENOMENA IN SUCROSE SOLUTIONS. 2063 


The degree of accuracy claimed for the above figures is 0-75 per 
cent. The chief error arises in the determination of the position 
of the surface of the liquid at the place where the capillary tube 
enters it. The level of the bottom of the meniscus was taken in 
each case, probably correctly to 0-1 mm. The minimum rise 
measured was 3:42 cm., so that the error introduced from this 
source may be about 0-3 per cent.; and since the diameter of the 
tube and the densities are correct to three significant figures, the 


possible error in the final surface tension figures is as stated. 


Fie. 1. 
Relation between surface tension and temperature. 
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65 66 67 68 69 70 71 #7 #73 «44 +°«75 
Surface tension—dynes /centimetre. 


Quincke’s attempt to connect the surface tension o, of a solution 
with the surface tension of water o,, by the equation o, = o, + ky, 
where & is a constant, and y the number of equivalents per 100 
molecules of water, was modified by Dorsey (Phil. Mag., 1897, 
[v], 44, 369), who put y= the number of gram-equivalents per 
litre of solution: In the case of dilute solutions of sucrose, if 
y = the number of gram-molecules dissolved per litre of solution, 
k appears, from the experiments here recorded, to have the 
approximate value 2-23. It has, however, been shown by Quincke 
that the equation breaks down for sugar solutions of higher 
concentration than normal. 
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The change in surface tension (dc) can now be read directly from 
the curves together with the corresponding change in concen. 
tration (de); and given the values of do/dc, it is possible to calculate 
the deficiency of solute in the surface, by the Willard Gibbs equation 


u = —c/RT .defdc, 


where u is the deficiency in grams per sq. cm., c is the concen. 
tration in grams per c.c., # is the gas constant, and 7’ is the absolute 
temperature. For dc = 0-21, the values of do at 30°, 40°, 50°, 
60°, and 70° are 1-25, 1-25, 1:3, 1-3, and 1-25, respectively, giving 
a mean value of do/de = 6-1. If the gram is taken as the unit 
of mass, R = 8-315 x 10’/M ergs. Inserting this value in the 
above equation, uw can be calculated in grams per square centimetre 
of surface. The values are given in the preceding table. 


Osmotic Pressures of Sucrose Solutions. 


The following values of the osmotic pressures of the sugar solu- 
tions used in the surface-tension experiments are obtained by 
interpolation from the data given by Morse (J. Amer. Chem. Soc., 
1912, 48, 29). 


Concen- 

tration. Concen- Mean osmotic preasure at: 

Volume tration. — —- —— 

normal. Wt. normal. 10°. 20°, 30°. 40°. 50°. 60°. 70°, 
0-20 0-208 5°09 527 524 537 549 566 — 
0-40 0-434 10-63 11-00 11-17 11-50 11-64 11-79 — 
0-61 0-70 17-50 18:13 18-50 18-93 19-20 19-40 19-57 
0-82 1-0 25°69 26-64 27-22 27-70 28-21 28-37 28-62 


There is a definite relation between osmotic pressure and the 
Gibbs adsorption constant uw, and the slope of the curve plotted 
between P and u shows a nearly constant value of dP /du. 

The product Pu is obviously a function of the concentration 
over a limited temperature range (in this case, 283° to 333° absolute). 
This was to be expected in the case of dilute non-dissociated solutions, 
since P is proportional to the concentration c, and the adsorption 
constant uw is also proportional to c, if do/de is a constant. Ata 
definite temperature 7', or over a very small range of temperature 
dT’, the product Pu should therefore be proportional to c?. The 
relationship will therefore take the form 


Pu=K x e, 


from which x can be calculated in the usual way. 
If log Pu is plotted against loge, all the points will be on a 
straight line (Fig. 2). 
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Concentration. 
Volume Grams per Log Pu. 
normal. : 100 c.c. Mean value. Log c. Le 
0-20 6-9 — 7:52286 0-83885 2-08 
0-40 13-6 — 6:90367 1-13481 2-08 
0-61 20-9 — 6-50295 1-32035 2-09 
0-82 27-9 — 6-21034 1-44607 2-12 


It would appear, therefore, that the relationship Pu = Kc* holds 
for concentrations up to approximately 20 per cent. of sucrose 
(grams per 100 c.c.), for a limited range of temperatures. Above 
that concentration, the value of x begins apparently to increase. 


Fria. 2. 
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Whether this is due to an alteration in the value of do/de at high 
concentrations, or to the effect of decreasing hydration of the 
solute molecules, is not clear, and will be made the subject of a 
further paper. 

If P is expressed in atmospheres, wu in grams per square centi- 
metre of surface, and ¢ in grams of sucrose per 100 c.c. of solution, 
the constant K has a value lying between 5-3 x 10718 and 5-5 x 107? 
In view of the degree of accuracy obtainable in these experiments, 
it is not possible to fix the value more closely. 


NorTHERN POLYTECHNIC, 
Lonpon, N. 7. (Received, May 23rd, 1923.} 
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CCX XX.—The Structure of the Benzene Nucleus. Part 
III. Synthesis of a Nayhthalene Derivative in- 
volving a Bridged Phase of the Nucleus. The 
Constitution of Naphthalene and Anthracene. 


By Witi1am Arrnur PrrcivaL CHALLENOR and CHRISTOPHER 
KELK INGOLD. 


In Part I of this series, attention was directed to the fact that 
the properties of aromatic substances could be brought into corre. 
spondence with those of aliphatic compounds, and especially with 
the intermediate class of compounds showing intra-annular 
tautomerism, by ascribing to the benzene nucleus a_ bridged 
phase (I), intimately related to and in dynamic cquilibrium with 
the conventional Kekulé phase (II) : 


wis /\ 
af) = f£ | w 

\F 
A verifiable consequence of this view was that, if a bridged 
cyclohexadiene derivative of type (I) could be synthesised by the 
methods which have been employed in producing other types of 
bridged homocyclic rings, it should be found to be not isomeric 
but identical with the corresponding aromatic substance. In 
Part IT (p. 23), the synthesis of a dicyclohexanedione (III) from the 
cyclobutanone derivative (IV) was described: the product was 

found to be identical with ordinary orcinol (V). 


CH,*CMe-CH,-CO, Et 
oa  #3;3:4”” 
(1V.) 
CHyCMeCH, _. CH-CMeCH _. — GH-CMe:cH 
CO—CH-CO ~  HO-C---CH-@-OH ~  HO-C—CH=U-0H 
(III.) ; (V.) ad 


The purpose of this paper is to extend the above considerations 
to the more complex cases of naphthalene and anthracene. 
Bamberger (Annalen, 1890, 257, 1) has laid stress on the remark- 
able difference of properties between many derivatives of naphthalene 
and the corresponding derivatives of benzene, contrasting this with 
the close similarity between derivatives of tetrahydronaphthalene 
and those of benzene. Since there is no valid evidence of asymmetry 
in the naphthalene nucleus, Bamberger concluded that it contains 
two identical carbon systems, neither of which, however, exists as 
a true benzene ring, although either becomes converted into one 
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when the other takes up four atoms of hydrogen. Adopting Bam- 
berger’s nomenclature : 


Hy 
J\ Ar’ Ng 
[*[*)] +> Lt) Jr 
Wr WFNS” 
* Not benzene. tT ° 


Bamberger’s interpretation of his data is limited entirely by 
static ideas. On the dynamic conception of cyclic nuclei, the 
notable differences between benzene and naphthalene must be 
interpreted as arising from the influence of each nucleus on the 
tautomeric change taking place within the others; only thus can 
the remarkable effect of the hydrogenation of one ring in restoring 
the full benzenoid character of the other be explained. Moreover, 
it is to be inferred from the variety of quinonoid structures to 
which naphthalene can give rise that the intra-nuclear tautomerism 
of naphthalene must be of a more complex character than is the 
case with benzene, and must involve several individual phases. 
Further, it is evident that in naphthalene the disturbing effect of 
each nucleus on the other must be exerted from one side, that is, 
asymmetrically about the dotted line in formula (VI). 


/N iV\/N 


wo 5 ; | (VIL) 
AN / AK / 


In anthracene, new conditions arise. It is evident, in the first 
place, that the tautomeric change within the two end rings of the 
anthracene nucleus will be asymmetrically affected by the rest of 
the molecule, just as is the case in naphthalene. Actually, as is 
well known, there is a remarkable similarity between the chemistry 
of the terminal rings of anthracene and the chemistry of naphtha- 
lene; the laws regulating substitution, the properties of corre- 
sponding derivatives, and the relationships with derived quinonoid 
structures, are extremely similar in the two series. 

On the other hand, the condition of the central ring of anthracene 
has no parallel either in naphthalene or benzene. It is plain that 
the terminal rings must affect the tautomerism of the central ring 
equally and in opposite directions, the result being to promote 
the formation and increase the permanence of any phase which 
is symmetrical about the dotted line in formula (VII). Thus the 
bridged phase of the central ring (in which the bridge connects 
the ‘“‘meso”’ carbon atoms) is the permanent, indeed, almost the 


only phase; and around this circumstance, in the authors’ view, 
4a2 
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the chemistry of the central ring of anthracene revolves. Addi- 
tions to the 9: 10-positions, eliminations from these positions, the 
mobility of tautomeric structures in which the mobile hydrogen 
atom passes across the meso-ring, all may be seen to result from 
the practical elimination of all phases other than the bridged 
phase. 

Thus, without making too specific a hypothesis as to the condition 
of the phases in naphthalene and anthracene, considerations of 
symmetry and of the general lines on which any such hypothesis 
must be developed lead of themselves to certain broad deductions 
in good agreement with the main chemical facts. 

They are also in agreement with the crystallographic facts, 
Whilst no confusion must be allowed to arise between the “ crystal 
molecule’ and the molecule in solution, it must be recognised 
that there is a close connexion between them; namely, that the 
former, in all cases, is necessarily a possible phase or modification 
of the latter; otherwise, crystallisation could: not occur. The 
connexion may be limited to this inclusion of one amongst the 
phases of the other, and it is safer in the meantime to assume that 
it is. But it is sufficient for the purpose to recognise that if the 
atom-centres in a crystal molecule can be shown by X-ray analysis 
to be orientated in a particular way with respect to one another, 
then the chemical molecule must be held together by valencies in 
such a way that, even in solution, the atoms can take up that 
particular relative configuration on which the possibility of crystal- 
lisation depends. We may go further and assume that near the 
crystallising point there must be a certain, and possibly consider- 
able, proportion of molecules in or very nearly in the configuration 
of the crystal molecule. 

As regards benzene, it is evident that the bridged formula,* 
hitherto proposed only as a representation of a single phase in the 
liquid state, is stereochemically identical with the disposition of 
atoms (VIII) suggested by Sir W. Bragg (T., 1922, 121, 2766) for 
the molecule of crystalline benzene, the carbon atoms being 


* The non-existence of optically active modifications of the simpler deriv- 
atives of benzene imposes another stereochemical condition which must be 
satisfied by any suggested benzene structure; namely, that in any static 
formula the carbon and hydrogen atoms must lie in one plane, and that in 
any dynamic formula they must pass through a uniplanar configuration. 
Since the “crystal-molecule ” is not uniplanar, a dynamic formula is the 
alternative indicated, and since the Kekulé formula is the only one which 
has a uniplanar space model, this must be one phase. Combining this result 
with the crystallographical evidence (above) that the bridged formula also 
represents one phase, we see that the main thesis underlying this series of 
investigations might have been derived from spatial considerations alone. 
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arranged in two planes (I—2—3—4 and 1—6—5—4) in such a 
way as to give rise to four-fold symmetry (IX) : 


(IX.) 


In fact, since X-ray analysis deals only with the relative positions 
of atoms and not with their mode of union, one might have derived 
the chemical formula from the spatial arrangement. The natural 
interpretation of this result is that, whereas liquid benzene contains 
a certain proportion each of the bridged and the Kekulé phases, 
the former variety is the first to crystallise, and that hence, owing 
to the disturbing effect of crystallisation on the mobile equilibrium, 
the solid consists entirely of this form. 

Shearer (Proc. Physical Soc., 1923, 35, ii, 81) has also assumed 
the para-bridged structure in order to account for the symmetry 
possessed by the unit lattice of a benzene crystal. He has, more- 
over, extended his considerations to the X-ray analyses of 
naphthalene and anthracene, and has arrived at the following 
structural formule (X and XI): 


ONAN L\A\\4“Ns 


(X.) |> Me.” | (XL) 


\\/ DPV AV/ 


Whilst the bridged-bonds in the naphthalene rings and in the two 
outer rings of anthracene must be regarded only as illustrative of 
a certain asymmetry (compare p. 2067) in the dynamic constitution 
of these rings, rather than as a picture of their actual condition, 
it is interesting to observe the appearance of the symmetrical 
bridge-bond in the central ring of anthracene, and to note that 
both formule conform in their more general features to the lines 
laid down on the basis of chemical considerations at the com- 
mencement of this section. 

Thus there is both chemical and crystallographic evidence that 
naphthalene (and the outer rings of anthracene also) differ in some 
fundamental respect from the benzene ring itself, and for this 
reason it seems desirable that all experimental work carried out 
on the constitution of the benzene nucleus should as far as possible 
be paralleled in the naphthalene series. 

In this paper experiments are described the object of which is 
to produce by synthesis a bridged modification of the naphthalene 
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nucleus, in a manner similar to that in which the synthesis of the 
bridged phase of orcinol was accomplished. 

A convenient starting point appeared to be provided in o-phenylene 
diacetic acid (XII), the dibromo-ester (XIII) of which might be 
expected to give the unsaturated ester (XIV) on treatment with 
sodium ethoxide. This substance might then condense with ethy| 
sodiomalonate to give the ester (XV), which on treatment with 
molecular sodium should yield the bridged-ring structure (XVI) 
(or XVII or XVIII). 


eee OE od \-CHBrCO,Et ‘a ‘-(-COsBt 
J F 


-CH,-CO,Et \_ /-CHBr-C0,Et ~~ \ 0-00, Bt 
(XIL.) (XIIL.) (XIV.) 
CO,Et CO, Et UN Et 
a; bdacogen, > (>. (-GH-COgp CO,Bt = 
Om n. CO,Et \ 66 ( IG OH 
te ie OR 
(XV.) (XVI) (XVIL) 
CO,Et 
\ 
( NC Seog (XVIIL.) 
ae 
CO,Et 


A synthesis very similar to this has now been accomplished, but 
it has not been possible to carry out the above series of reactions in 
the manner originally intended owing to the instability of the 
unsaturated product (XIV), which, apparently, at the moment of 
its formation, or very shortly afterwards, becomes converted into 
a polymeride of high molecular weight. Thus, when the dibromo- 
ester (XIII) is treated with organic bases or concentrated alkalis, 
the main product is always an amorphous polymeride, probably 
of the compound (XIV). Certain specimens of the amorphous 
product on distillation with a little aluminium chloride gave a 
small amount of a nearly colourless oil, b. p. about 230°/20 mm., 
which on analysis gave figures indicating the constitution repre- 
sented by formula (XIV), but this substance, on keeping for a 
few hours, first darkened and finally set to a brittle resin, and it 
was not found possible to stabilise it sufficiently to carry out the 
next step of the synthesis. 

The action of water or dilute sodium hydroxide solution on the 
dibromo-acid chloride (XIX) led to a different result. Two pro- 
ducts were obtained; one was an amorphous acid of high molecular 
weight, probably a polymeride of the unsaturated acid (XX); 
the other consisted of ««’-dihydroxy-o-phenylenediacetic acid (XX1). 


Pi 
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This substance, on heating to 110°, yielded a lactone (XXII), 
which was sufficiently stable to be crystallised from water without 
conversion into the original dihydroxy-acid. On treatment with 
acetyl chloride, the lactone apparently underwent further dehydra- 
tion, giving a dilactone (XXIII), which very easily passed into 
a mono-lactone (X XIV), isomeric with and easily convertible into 
the original mono-lactone. These relationships suggest that the 
two lactones are stereoisomeric, as the ae formule show : 


‘-CHBr-COCI _, ( ‘- -C-CO,H O) -CH( (OH)-CO,H _. 
i 


/-CHBrCOCI ECO -CH(OH)-CO,H 
(XIX.) (XX.) (XXL) 
OH H H 
. -_ .% 
A 
\—<a co > \—a oo >\—n ges 
CO,H co 0 CO,H 
(XXII) (XXIIL.) (XXIV.) 


Another attempt which was made to overcome the instability of 
the ester (XIV) consisted in causing it to be formed in the presence 
of sodiomalonic ester, which might be expected to condense with it 
before polymerisation set in. The products of these experiments, 
however, were ethyl ethanetetracarboxylate, a substance which 
could not be distilled and gave an amorphous acid on hydrolysis, 
and the ester (X XV), which on treatment with alcoholic potassium 
hydroxide gave the hexacarboxylic acid (XXVI) or the penta- 
carboxylic acid (X XVII) according to oa ener 


CO, Et 
te -CH(CO,Et), CO tet pasate _ a 
XXV. (S-9 2—> 2(XXYVI. 
ee Gr CH-CH(CO,Et), He on CO,H), — 


CO,Et 0,H 
'0,H 


’ ‘et -CH,:CO,H 
/ Ve CH(CO “H), 
CO,H 

The formation of these substances seems the more remarkable 

when it is recalled that Perkin (T., 1888, 53, 1) did not encounter 

the ester (X XVIII) as a product of the action of o-xylylene bromide 

on ethyl sodiomalonate; the condensation product consisted ex- 
clusively of the hydrindene derivative ang 


-CH,CH(CO,Et), ( \-CHi\ 
(XXVIII) Cr CH,-CH(CO,Et), > CH, >C(CO,Et), (XXIX.) 


(XXVIL.) 
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Equally remarkable as an example of the complete change in 
the direction of the condensation caused by a slight modification 
in the constitution of one of the reacting substances, is the inter. 
action of ethyl sodiomalonate and the dibromo-dcrivative of 
o-phenylenediacetonitrile. The dibromo-nitrile (XXX) very readily 
loses hydrogen bromide, giving an amorphous product which 
appears to be a polymeride of the unsaturated nitrile (XXX1); 
but when treated under carefully regulated conditions with ethyl 
sodiomalonate, the product, in addition to this polymeride, is a 
bridged-ring derivative (XXXII), analogous in constitution to the 
ketonic ester (XVI) which experiments on the dibromo-ester had 
failed to produce. As often happens in sodium ethoxide con- 
densations, this substance became partly hydrolysed during isolation, 
giving an acid amide (X XXIII): 


q -CHBrCN _, ( )-C:CN -() ‘\-C(CN)-CH-CO,Ft 
-CHBroN ” \ }-C-0N J etony GO 
(XXX.) (XXXL) (XXXIL) 


rr ages 


-¢ C(CN) CHO, H (XX XIII) 


( apenas 
C) / U(CO-NH,)-CO 


An examination of this substance clearly showed that it was 
strongly enolic, and, in fact, that it had the characteristic properties 
of a naphthol (XXXIV). On hydrolysis by acids, it yielded the 
amide (XXXV), which on further hydrolysis with concentrated 
aqueous sodium hydroxide yielded $-naphthol (XXXVI). 


CO-NH, 


” OD /oH xD /OH 


(XXXIV.) (XXXV.) (XXXVL) 


The identity of the amide was confirmed by converting it into 
its p-toluenesulphonyl derivative (XXXVII) and treating this 
with bromine and alkali, which gave a mixture of the sulphonyloxy- 
base (XX XVIIT) and the hydroxy-base (XX XIX): 


ne “NH, NH. NH, 


“YN ~~ orn VA, 
)o: ‘S0,-C,H, ( | 
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(XX XVII.) (XX XVIII.) (XXXIX.) 
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The next step was to identify the sulphonyloxy-base and hydroxy- 
base by synthesis from a naphthalene derivative of known con- 
stitution. For this purpose, 2: 4-dinitro-«-naphthylamine (XL) 
was selected as the starting point, and was converted by way of 
the diazo-oxide (X LI) into 4-nitro-8-naphthol (X LIT) in the manner 
described by Morgan and Evens (T., 1919, 1415, 1126). Attempts 
to reduce the nitronaphthol with aluminium amalgam in moist ether 
led to the complete elimination of the amino-group, naphthalene 
being amongst the products formed. The nitronaphthol was 
therefore converted into the p-toluenesulphonyl derivative and the 
product (XLIV) reduced by means of aluminium amalgam in moist 
ether (Morgan and Burgess, T., 1921, 119, 697) to the amino- 
p-toluenesulphonate (XLV), with which the substance (XX XVIII) 
was found to be identical in every respect. The amino-p-toluene- 
sulphonate was converted, by hydrolysis with alcoholic sodium 
hydroxide, into 4-amino-f-naphthol (XLIII), with which the 
compound (XX XIX) was identified by direct comparison. 

NH, Na\ 


2 
(x0, _, i arn 
A/ 
NO 


(yy —f ) 
Wis \ 
’ No, No, 
(XL.) (XLI.) (XLII.) 
f ‘i No-80,C,H, ( La \0-80,:C,H, ( a ‘oH 
W\Z As ~~ Ww 
No, NH, NH, 
(XLIV.) (XLV.) (X LITT.) 
(Identical with XXXVIII.) (Identical with XXXTX.) 


EXPERIMENTAL. 
(A) Syntheses from o-Phenylenediacetic Acid and its Nitrile. 


Preparation of o-Phenylenediacetoniirile and o-Phenylenediacetic 
Acid.—o-Xylylene dibromide was prepared by brominating o-xylene 
at 125—130° (Perkin, T., 1885, 53, 5) and converted by treatment 
with alcoholic sodium or potassium cyanide into o-phenylenediaceto- 
nitrile (Moore and Thorpe, T., 1908, 93, 165). The dinitrile was 
then hydrolysed to the diamide by treatment with strong sulphuric 
acid, and the aqueous acid solution of the amide, obtained on 
dilution with water, made alkaline with sodium hydroxide and boiled 
until the evolution of ammonia had ceased (compare Moore and 
Thorpe, loc. cit.). The amide was only precipitated in a few 
instances when the aqueous acid solution was made alkaline with 


ammonia (compare Moore and Thorpe, Joc. cit.), and this was the 
4a*2Z 
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reason for following the above method. The diacetic acid was 
isolated by extraction with ether and crystallised from the con- 
centrated solution, from which it separated in an almost pure 
condition, m. p. 149—150°. 

Dibromination of o-Phenylenediacetic Acid. Preparation of Ethyl 
ax’-Dibromo-o-phenylerediacetate.—o-Phenylenediacetic acid (20 
grams) was mixed in a Geissler flask with phosphorus pentachloride 
(45 grams). A vigorous reaction set in, clouds of hydrogen chloride 
being evolved, and the mixture liquefied. It was then heated on 
the steam-bath and, when the reaction had ceased, treated with 
dry bromine (10-6 c.c.) in small quantities timed by the rate of 
absorption. When all the bromine had disappeared, the mixture 
was allowed to cool and poured into 150 c.c. of absolute alcohol, 
and the solution boiled for a few minutes after the vigorous reaction 
had ceased. It was then allowed to cool and poured into a large 
excess of water and extracted with ether. The ethereal solution 
was washed with water, sodium hydrogen carbonate solution, and 
finally with water. A deep red colour was produced during the 
washing with sodium hydrogen carbonate. After drying over 
calcium chloride and removal of the ether, a red oil was left, which 
decomposed on distillation at 10 mm., and hence could not be 
purified. On distillation at atmospheric pressure, it decomposed 
with evolution of hydrogen bromide (Found: Br = 39-2. 
C,,H,,0,Br, requires Br = 44-1 per cent.). The red colour could 
be removed by treatment with animal charcoal in alcoholic 
solution. 

Attempted Morxobromiration of o-Phenylenediacetic Acid.—The 
monobromination of o-phenylenediacetic acid has been described 
by Schad (Ber., 1893, 26, 223), but attempts to repeat his work 
were unsuccessful. Monobromination was attempted under a 
variety of conditions, but always with the result that about half 
of the material remained unchanged, whilst most of the remainder 
underwent dibromination.* 

Action of Corcentrated Aqueous ard Alcoholic Potassium Hydroxide 
and Pyridine, Quinoline, and Diethylaniline on the Dibromo-ester 
and Dibromo-acid Chloride.—An outline of these experiments has 
already been given (p. 2070), and it is unnecessary to add further 
details here, since the use of drastic reagents such as organic 
bases and concentrated alkalis had to be abandoned owing to 
the intractable character of the products. 


* A specimen of monobromo-ester on keeping for fifteen months deposited 
crystalline matter consisting mainly of o-phenylenediacetic acid, but con- 
taining also a small proportion of the lactone described by Shad (loc. cit.). 
Hence mono-bromination must have occurred to a small extent. 
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_ Action of Water on aa’-Dibromo-o-phenylenediacetyl Chloride ; 
Formation of ««’-Dihydroxy-o-phenylenediacetic Acid.—o-Phenylene- 
diacetic acid (40 grams) was dibrominated as previously described 
(p. 2074), using 100 grams of phosphorus pentachloride and 22 c.c. 
of bromine. The product was then slowly poured into hot water 
(400 c.c.) with rapid stirring. A rather vigorous reaction occurred, 
and the oily acid chloride rapidly went into solution. After heating 
on the steam-bath for some time, the liquid, filtered from a little 
resinous substance, was treated with animal charcoal, again filtered, 
and allowed to cool, when a white solid separated. This was 
collected and the mother-liquors were extracted with ether. A 
further quantity was obtained in this way, the total yield being 
80 per cent. of the theoretical. The product was recrystallised 
from water, in which it is readily soluble near the boiling point, but 
only slightly soluble in the cold. M. p. 205° (Found: C = 52-94; 
H=4-5. C,yH,)0, requires C = 53:08; H = 4-46 per cent.). 
The acid readily loses water at 110°, giving the lactone (A) (v. infra) 
(11480 grams, on being heated at 110° for three and a half hours, 
lost 0-0938 gram, that is, 8-17 per cent. H,O; 1-0147 grams, 
at 110° for one hour, lost 0-0816 gram, that is, 8-04 per cent. H,O; 
0:3840 gram, at 110° for one hour, lost 0-0307 gram, that is, 7-99 per 
cent. H,O. C,H ,)0, —> CypH,O; requires loss = 7-97 per cent.). 

The lactone (A) obtained by heating the dihydroxy-acid at 110° 
could be readily crystallised from water without reconversion into 
the dihydroxy-acid. Its melting point is 211—212° (Found; 
C= 57°35; H=4-18. C,,H,O; requires C = 57-68; H = 3-88 
per cent.). Both the lactone (A) and the dihydroxy-acid are 
almost insoluble in dry ether. 

The silver salt of the dihydroxy-acid was formed as a white 
precipitate from silver nitrate and the sodium salt in aqueous 
solution (Found: Ag = 49-06. C,,H,O,Ag, requires Ag = 49-06 
per cent.). 

The dianilide was prepared by heating the free dihydroxy-acid 
or its lactone with excess of aniline for four and a half hours at 
about 150—170°. The mixture was extracted with hot dilute 
hydrochloric acid and finally with water. The solution of the residual 
dark oil in alcohol was kept for several days, during which it slowly 
deposited crystals of the dianilide. These were collected and 
crystallised from absolute alcohol. The dianilide is almost insoluble 
in cold alcohol and only moderately soluble in hot; it separates 
in elongated rhomboids, m. p. 208—209° (Found: N = 7-69. 
CsaH90,N, requires N = 7-45 per cent.). 

Conversion of Lactone (A) into Lactone (B).—The lactone (A) 
dissolved when heated under reflux with about five to ten times 
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its weight of acetyl chloride for four to five hours. The solution 
was evaporated on the steam-bath, and the last traces of the 
acetyl chloride were removed by potassium hydroxide in a 
desiccator. During the purification, crystals gradually appeared 
and the whole mass ultimately solidified. The solid was crystal- 
lised from water, which yielded thin plates, m. p. 179—180° (Found : 
C= 57-51; H=4-19. C,,H,O; requires C = 57-68; H = 3:88 
per cent.). The lactone (B) was readily changed back to the (A)- 
form by keeping it in sodium hydroxide solution for a few hours, 
On acidifying, the (A)-form crystallised. The change was not 
instantaneous, however, as, on dissolving the (B)-form in sodium 
bicarbonate solution and immediately acidifying with hydrochloric 
acid, an oily product was obtained which slowly solidified and 
melted at 172—174°. The change can also be brought about by 
boiling with water, and it is even difficult to avoid a certain amount 
of reconversion when the B-lactone is crystallised from water. 

Action of Hot Dilute Sodium Hydroxide on ax’-Dibromo-o-phenylene- 
diacetyl Chloride.—o-Phenylenediacetic acid (10 grams) was di- 
brominated as previously described (p. 2074) and the acid chloride 
poured into a hot solution of 40 grams of sodium hydroxide in 
200 c.c. of water. A very violent reaction ensued. When all the 
bromo-acid chloride had been added, the solution was heated on 
the steam-bath for about one hour, filtered when cold, and acidified 
with hydrochloric acid; the large precipitate of amorphous acid 
was collected, and the clear filtrate extracted several times with 
ether. The ether extracts on evaporation yielded a small amount 
of a semi-solid substance, which, on mixing with a little dry ether, 
gave a solid, m. p. 200°. On crystallisation from water, it melted 
at 205° and was identical with a«’-dihydroxy-o-phenylenediacetic 
acid. The yield was 11—12 per cent. of the theoretical. 

The amorphous acid underwent some further change on keeping, 
but the freshly prepared substance, on analysis and titration, gave 
figures approximating to those required for a dibasic acid of the 
composition C,)H,O,. Its insolubility and general properties 
pointed to a very high molecular weight and hence it may be 
regarded as a polymeride of an acid of type (XIV). It rapidly 
absorbed permanganate in alkaline solution. 

Action of Ethyl Sodiomalonate on Dibromo-o-phenylenediacetic 
Ester—Sodium (4:6 grams) was dissolved in absolute alcohol 
(75 c.c.), malonic ester (32 c.c.) added, and the solution, cooled to 
35—40°, treated with 40 grams of the dibromo-ester, the tem- 
perature being maintained below 40°. After about one hour, the 
solution was heated on the steam-bath for three to four hours, 
cooled, poured into water, and shaken with ether after addition 
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of a little sodium carbonate solution. The red oily residue from 
the dried ethereal extracts decomposed when distilled under 
reduced pressure, and therefore could not be purified. On keeping 
for some time, it deposited crystals of ethyl ethanetetracarboxylate, 
which were removed and the residual oil hydrolysed. 

For this purpose, 10 grams were boiled with a solution of 15 grams 
of potassium hydroxide in 75 c.c. of alcohol for about two hours. 
The alcohol was evaporated with the addition of water, and the 
solution then evaporated nearly to dryness. It was acidified with 
hydrochloric acid, and the amorphous acid (p. 2076) thereby pre- 
cipitated was removed and the solution extracted several times 
with ether. The ethereal extracts were dried over calcium chloride 
and evaporated. The residual oil, which partly solidified, was 
rubbed with a little acetone and a large volume of dry ether was 
added, and the crystalline material thus obtained was collected 
and washed with ether. It melted at 192° with decomposition, 
and was further purified by dissolving it in acetone, adding chloro- 
form, and evaporating the solution until crystals began to separate. 
These, washed with chloroform, melted at 187° with decomposition. 
Analysis showed them to consist of the hexacarboxylic acid (Found : 
C= 48:32; H= 4-08. C,,H,,0,. requires C = 48-22; H = 3°54 
per cent.). 

Action of Ethyl Sodiomalonate on ‘ Monobromo-o-phenylene- 
diacetic Ester.”,—Sodium (1-5 grams) was dissolved in absolute 
alcohol (60 c.c.) and malonic ester (12 c.c.) added. The solution 
was cooled carefully to 35—40° and 20 grams of the “ monobromo- 
ester’ were added slowly, the temperature being kept below 40°. 
After about one hour, the mixture was boiled for two hours, poured 
into water, and extracted with ether. The ethereal solution was 
dried over calcium chloride and distilled, and the red oil, which 
decomposed on attempted distillation under reduced pressure, 
hydrolysed with excess of alcoholic potassium hydroxide. The 
alcohol was evaporated with the addition of water, and the aqueous 
solution acidified with hydrochloric acid. A certain amount of an 
amorphous acid product was precipitated. The filtrate from this 
was extracted several times with ether, the ethereal solution dried 
over calcium chloride, and evaporated. The oil thus obtained, on 
keeping for a short time, partly solidified, and was rubbed with 
ether and filtered. The resulting solid was then extracted several 
times with boiling benzene, which on evaporation yielded a solid, 
m. p. 150°, identical with o-phenylenediacetic acid. The solid 
which was insoluble in benzene was dissolved in a little acetone, 
and, after the addition of some chloroform, the solution evaporated 
until crystals began to separate. ‘This was repeated seyeral times 
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until ultimately a white, crystalline solid, m. p. 187° (decomp.) 
was obtained. This substance consisted of the pentacarboxylic 
acid (Found: C= 50-45; H=431. C,;H,,0i) requires C = 
50°83; H = 3-98 per cent.). 

Dibromo-o-phenylenediacetonitrile—A chloroform solution con. 
taining 156 grams of the nitrile was treated with a solution of 320 
grams of bromine in the same solvent and the mixture kept in a 
warm place until a considerable quantity of oil had collected and 
the evolution of hydrogen bromide had greatly slackened. The 
oil was then separated, washed repeatedly with small quantities 
of chloroform, and the chloroform pumped off at a low temperature 
with the addition of ether. The dinitrile was thus obtained as a 
yellowish-red oil which lost hydrogen bromide on heating and 
hence could not be purified by distillation (Found: Br = 50-5. 
C,)H,N,Br, requires Br = 50-9 per cent.). 

On heating the dinitrile until no more hydrogen bromide was 
evolved, a brittle, amorphous substance was obtained which was 
‘free from bromine, and seemed from its composition to be a poly- 
meride of the unsaturated nitrile (KX XIII) [Found: C = 78-2; 
H=24; N=18-8. (C,)H,N,), requires C= 78-9; H = 2-6; 
N = 18-4 per cent.]. 

Action of Dibromo-o-phenylenediacetonitrile on Cold Ethyl Sodio- 
malonate ; Formation of 4-Cyano-1-carboxylamido-$-naphthol-3-carb- 
oxylic Acid.—Ethyl malonate (160 grams) was added to a solution 
of sodium ethoxide prepared from 23 grams of sodium and 300 
grams of ethyl alcohol. After the precipitation of the sodio-ester, 
1000 grams of ether and 76 grams of the dibromodinitrile were 
added. The mixture was kept at 0° for ten days, or until the 
dark grey solid which separated ceased to appear, and was then 
poured into dilute hydrochloric acid, and the ethereal layer 
separated. The ethereal solution was washed with sodium hydrogen 
carbonate solution, which caused the separation of a dark, amorphous 
solid, and then with dilute sodium hydroxide. The sodium hydr- 
oxide solution was acidified and extracted with much ether. The 
substance which was deposited when the extract was concentrated, 
separated very slowly from its solution in benzene as a cinnamon- 
coloured powder. It was soluble in sodium hydroxide, gave an 
olive-brown colour with ferric chloride, and on distillation with 
soda-lime yielded f$-naphthol (Found: N= 11-08. C,,;H,0,N, 
requires N = 10-92 per cent.). 

6-Naphthol-4-carboxylamide.—The above amide was boiled with 
hydrochloric acid until ethyl alcohol ceased to be evolved, and 
then under a reflux condenser for twenty hours. The solution 
was cooled and the brittle, resinous product crushed and extracted 
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with dilute sodium hydroxide. The precipitate which was obtained 
when solid sodium hydrogen carbonate was stirred into this solution 
was washed, dried, and crystallised from xylene. M. p. about 220° 
with decomposition (Found: C= 70:3; H=4-98. C,,H,O,N 
requires C = 70-7; H = 4-81 per cent.). The residual aqueous 
solutions, when acidified and extracted with ether, yielded a small 
quantity of the acid (below). 

The amide gives a brown colour with ferric chloride and is soluble 
in sodium hydroxide, but not in sodium hydrogen carbonate solu- 
tion. It also gives a p-toluenesulphonyl derivative (below). It is 
remarkably stable towards hydrochloric acid and moderately con- 
centrated sodium hydroxide, but hot, very concentrated sodium 
hydroxide, fused potassium hydroxide, and soda-lime cause the 
complete elimination of the carboxylamido-group and the formation 
of B-naphthol. Nitrous acid gives an amorphous, intensely coloured 
precipitate. 

The p-toluenesulphonyl derivative, prepared with the help of 
p-toluenesulphonyl chloride, separated from xylene as a fine, 
pearly-grey powder, m. p. about 210° (decomp.). 

Action of Bromine and Sodium Methoxide on the p-Toluenesulphonyl 
Derivative of 8-Naphthol-4-carboxylamide.—The amide (3-2 grams) 
was mixed with bromine (i-6 grams), and an aqueous solution 
containing about 0-5 gram of potassium hydroxide was added 
until the colour of the bromine was just discharged. The solid 
was washed with water and dried on porous porcelain. It was 
then added to a mixture of sodium hydroxide and sodium methoxide 
made by dissolving 0-7 gram of sodium in 10 c.c. of absolute methyl 
alcohol and adding 0-1 gram of water. The solution was boiled for 
a few minutes and then evaporated with addition of water. The 
aqueous suspension was acidified with dilute hydrochloric acid and 
then filtered. The dark-coloured filtrate was boiled repeatedly 
with successive quantities of animal charcoal until it was only a 
pale greenish-yellow, and then treated with an excess of warm 
saturated sodium hydrogen carbonate. The precipitate was 
collected by filtration in an atmosphere of carbon dioxide, washed 
with water and then with cold moderately concentrated sodium 
hydroxide, and then again with water. The residue was crystal- 
lised from benzene, from which it separated as pale yellow prisms, 
m. p. 137°, which were identified as the O-p-toluenesulphonyl 
derivative of 4-amino-$-naphthol by direct comparison and a 
mixed melting-point determination with a specimen prepared by a 
conventional synthetic method (below). 

The sodium hydroxide solution was saturated with carbon dioxide 
and the pale yellow precipitate collected, dissolved in dilute hydro- 
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chloric acid, and, after repeated treatment with charcoal, repre. 
cipitated by sodium hydrogen carbonate. It was collected by 
filtering in carbon dioxide, dried in an evacuated carbon dioxide. 
filled desiccator, and then recrystallised from alcohol from which 
it separated in needles which melted and decomposed at 198° with 
previous sintering. It was identified as 4-amino-$-naphthol by 
analysis (Found: C= 74:92; H=6-06; Calc., for C,,)H,ON, 
C = 75:44; H = 5-70 per cent.), and by direct comparison with a 
specimen synthesised for the purpose by the method described 
below. 
(B) Syntheses from 4-Nitro-B-naphthol. 

2: 4-Dinitroaceto-«-naphthalide.—Aceto-«-naphthalide was nitrated 
according to the method described by Morgan and Evens (loc, 
cit.). The yield of the pure dinitro-derivative was only 30 per 
cent. of the theoretical, that is considerably less than Morgan and 
Evens were able to obtain. 

4-Nitro-B-naphthol_—The above dinitro-compound was diazotised 
and the diazo-oxide boiled with alcohol in the presence of aluminium 
powder, just as described by Morgan and Evens, excepting that as 
it was found that the reaction was completed in six to eight hours, 
the prolonged heating they recommend was not resorted to. The 
crude 4-nitro-@-naphthol was crystallised until its m. p. rose to 
above 110°, and was then used for the experiments described 
below. 

4-Nitro-B-naphthyl-p-toluenesulphonate.—This substance was pre- 
pared by grinding 4-nitro-8-naphthol (21 grams) together with 
anhydrous sodium acetate (9 grams) and _ p-toluenesulphonyl 
chloride (23 grams) in a hot mortar. The mixture gradually 
became pasty and the reaction was completed by heating on the 
steam-bath. When cold the product was triturated with warm 
aqueous sodium carbonate, and after three hours the mixture was 
acidified with hydrochloric acid and filtered. The residue was 
crystallised from alcohol, from which the toluenesulphonate separated 
in long, pale yellow needles, m. p. 122°. The alcoholic mother- 
liquors contained a little unchanged nitronaphthol, which was 
recovered on evaporation. 

The nitronaphthyltoluenesulphonate is almost insoluble in cold 
alcohol and ether, slightly soluble in boiling ether, and fairly readily 
soluble in boiling alcohol (Found: N = 4-34. C,,H,,0;NS requires 
N = 4-08 per cent.). 

4-Amino--naphthyl-p-T oluenesulphonate.—The preceding toluene- 
sulphonic ester (10 grams) was dissolved in 500 c.c. of moist ether 
and the warm solution treated with three to four times the 
theoretical quantity (5—6 grams) of amalgamated aluminium foil. 
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The reduction was complete after three or four hours, and the 
mixture was then filtered, the aluminium hydroxide being extracted 
several times with ether. When the combined ethereal extracts 
were evaporated to a small bulk, 4-amino-$-naphthyl toluene- 
sulphonate separated. It was purified by crystallisation from 
alcohol, from which it separated in pale yellow prisms, m. p. 137°. 
It is moderately easily soluble in boiling alcohol, but nearly insoluble 
in the cold (Found: N = 4-81. C,,H,,O,NS requires N = 4-47 
per cent.). 

4-Amino-B-naphthol.—This substance was prepared by hydro- 
lysing 4-amino-$-naphthyl -toluenesulphonate with alcoholic 
sodium hydroxide, and isolated by precipitation from the faintly 
acid solution by means of sodium hydrogen carbonate as described 
above. It crystallised from ethyl alcohol in needles and agreed 
in its properties with the description given in the literature, although 
the m. p. (198° with decomposition) was somewhat higher than the 
recorded value (185°) (Found: C = 74:92; H = 5-83. Calc., for 
CpHyON, C = 75-44; H = 5:70 per cent.). 


We are greatly indebted to Professor G. T. Morgan for a number 
of valuable suggestions, including that of the synthesis from 
2:4-dinitro-«-naphthylamine; and to the Royal Society for a 
grant which has defrayed a considerable part of the cost of this 
investigation. The work was carried out during the tenure by one 
of us (W.A.P.C.) of a British Scientific Research Fellowship, to the 
trustees of which we desire to express our indebtedness. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, June 21st, 1923.] 


CCXXXI.—The Structure of the Benzene Nucleus. 
Part IV. The Reactivity of Bridged Linkings. 


By CuRIsTOPHER KELK INGOLD. 


THE evidence which has been offered hitherto in support of the 
dynamic conception of the benzene nucleus proposed in the first 
part of this series (T., 1922, 121, 1633) is of four kinds : (a) evidence 
derived from the properties of aromatic compounds themselves 
(loc. cit.); (b) the experimental study of five-carbon ring compounds 
which display an analogous kind of intra-annular tautomerism, 
and in many respects simulate the properties aromatic substances 
(loc. cit. and this vol., p. 853); (c) proof that the para-bonded struc- 
ture, when produced by synthesis, cannot be distinguished from 
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an ordinary aromatic structure (T., 1922, 121, 1144; this vol., 
p. 2067); (d) the evidence of crystalline form (this vol., p. 2070). 
The properties of aromatic compounds themselves bear on the 
question in two ways. In the first place, these are what may be 
termed the “ positive’ properties of the aromatic nucleus, that 
is, the definite and often unique transformations which it is known 
to undergo; secondly, there are the “‘ negative ”’ properties, general 
insensitivity to mild reagents, the lack of olefinic character, and so 
forth. In Part I, attention was directed exclusively to the “ posi- 
tive’ properties of the nucleus, because it was felt that the best 
guidance could be obtained by examining such transformations, 
especially those in which the internal structure of the nucleus 
becomes disarranged, and that in such cases close attention to the 
first discernible steps of the process might yield a clue to the nature 
of the structure undergoing disarrangement. Thus it was shown 
that the characteristically “ aromatic ” varieties of mobile-hydrogen 
tautomerism (for example, of nitrosophenol with quinonemonoxine, 
or of anthranol with anthrone) rest upon known types, that the 
numerous ways in which ortho- and para-quinonoid structures can 
be formed receives a face-value interpretation, and that the alkyl- 
ation on carbon of phenols and numerous other transformations 
undergo unification with aliphatic reactions, only as consequences of 
the dynamic view put forward in that paper. 
Whilst, however, the “ positive” properties are vastly more 
important * in the sense that they alone can give positive indications 


* It is remarkable that the older special formule for benzene 
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appear to have been proposed mainly in relation to what have been termed 
the “‘negative’’ properties of aromatic compounds, surely a less logical 
procedure than that now advocated. However, certain authors, notably 
Hollemann, have employed Thiele’s hypothesis in relation to positive proper- 
ties, and have applied it in a more reasonable and less uncompromising 
manner than that for which Thiele himself is responsible. In this way a 
partial unification with the aliphatic series can be secured, but it is not possible 
to cover the whole ground (compare Part I), excepting by the assumption of 
a definite 1 : 4-linking, the introduction of which, although quite foreign to 
Thiele’s ideas regarding either butadiene or benzene, obliterates one of the 
main distinctions with the view now under discussion. There is, however, 
a more fundamental matter which those who would build upon the Thicle 
theory must needs consider; and that is that the theory itself rests on experi- 
mental foundations which are extremely slight and to a large extent self- 
contradictory, and therefore quite inadequate to carry the superstructure of 
the theories of aromatic chemistry which Hollemann and others have based 
upon them. 
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for our guidance, “ negative” propertics must be accounted for. 
Thus it may be inquired whether the low general reactivity of many 
aromatic compounds can be interpreted naturally on the grounds of 
the two-phase system proposed for benzene. 

In the first place, it should be understood that the whole course 
of the work carried out in this laboratory on bridged five-carbon 
rings has shown that a bridge bond of the type postulated is remark- 
ably similar in its susceptibility to attack by oxidising and additive 
agents to the “labile constituent ” of an ordinary double bond; 
so much so is this the case, that it is frequently impossible to distin- 
guish between an unsaturated compound and its bridged-ring 
isomeride by any experiment designed to estimate its susceptibility 
to oxidation, reduction, or addition reactions. It follows that 
formula (II), with a bridge and two double bonds, and formula (I), 
with three double bonds, are in exactly the same position as regards 
the reactivity which they would indicate if no other structural 
factor had to be considered. 
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It is generally conceded, however, that addition to unsaturated 
substances must always take place as a result of the occurrence 
of “stray” affinity around the unsaturated residue. In cyclic 
compounds, only that stray affinity which is outside the ring 
avails for the purpose of initiating addition, and in conjugated 
cyclic compounds there is very little external stray affinity owing 
to the formation of internal subsidiary linkings. In this way, the 
low reactivity of the Kekulé structure has been accounted for, 
and the underlying idea has been pictorially expressed by symbols 
such as (III) (below). But, as has been remarked, the position in 
this matter of the para-bonded and Kekulé formule is the. same. 
In the bridged structure the three elements of unsaturation are 
conjugated just as much as in the Kekulé formula, if by “con- 
jugated ” we imply that the complete, or almost complete, elimi- 
nation of external stray affinity can be brought about by the 
formation of internal subsidiary linkings. A corresponding symbol 
would be (IV). 

Connected with the same matter is the question as to how far 
the bridge-bond is to be regarded as a “ partial” affinity. There 
is no doubt that the bridge linking in five-carbon rings, and par- 
ticularly in aromatic compounds, is a weak or attenuated bond, 
prone to disruption, and similar to or even surpassing in reactivity 
a double bond in like situation; indeed, this comparison forms 
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perhaps the most exact definition of its actual character. It 
would be possible to express this consideration by writing a dotted 
line for the bridged linking (formula V), but there are serious and 
obvious objections to this device. 
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The disadvantages attaching to the use of all such complicated 
formule as (III), (IV), and (V) in place of the elementary formule 
(I) and (II) are, first, that the more complex formule “lose in 
obviousness what they gain in definition ” (Walker, this vol., p. 944) 
and, secondly, that the “ gain in definition ” is a gain of very doubt- 
ful value; for the formule imply that we know, whereas actually 
we do not know, the exact manner in which the residinal affinity 
satisfies itself within the ring. Therefore, in the author’s view, 
it is better to regard as implied by the simpler formule the fact 
that there must be some way of using up within the ring the affinity 
which would otherwise pass out into surrounding space and thus 
initiate addition, rather than to employ formule containing embel- 
lishments the introduction of which cannot be justified in detail by 
reference to definite chemical reactions. Thus the significance of 
the bridge-bond is experimental rather than speculative (as, in the 
author’s opinion, all features of organic formule should be), in that 
it connotes a bond of affinity, not of any defined strength (for that 
could not be ascertained by experiment), but one responsible for a 
large and important group of reactions. 

The only other “negative ’ line of evidence to which reference 
need be made is the degration of benzene derivatives to aliphatic 
substances. On the dynamic benzene structure, either phase (I or 
II) may be concerned in the attack of a particular oxidising or other 
reagent, and the very full list of degradations given in Richter’s 
“ Organische Chemie ” (11° Aufl., Bd. 2, 46) reveals the remarkable 
fact that almost all of them proceed by way of an ortho- or para- 
quinone or the ortho- or para-ketonic modification of a phenol. 
The significance of this will at once be seen in view of what has been 
written in Part I of this series and in the recent paper (loc. cit.) 
on the oxidation of bridged five-membered rings: in each case, 
oxidation almost invariably commences at the (comparatively) very 
reactive bridge bond. It may be that by careful attention to con- 
ditions the great difficulties attending the degradation of aromatic 
compounds to substances in which the para-carbon atoms are found 
to be directly connected will ultimately be overcome, but, to judge 
by the behaviour of the five-carbon ring compounds in which the 
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bridge linking is on the whole more stable than in the aromatic 
series, the task is not likely to prove an easy one. 

One of the most noteworthy examples of the fision of the bridge 
linking is provided by the formation of quinones by the oxidation of 
benzene, phenol, quinol, and other mono-substituted and di-p- 
substitution products of benzene : 
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The hypothesis that the bridged phase is responsible for these 
reactions opens the possibility of establishing a common mechanism 
for them all, and therefore any evidence as to the mechanism of such 
changes is of interest. The number of possibilities which must 
be kept in view is maximal in the case of quinol, for which the two 
following appear to be the most plausible on general grounds * : 

(a) Direct removal of hydrogen to give Graebe’s structure (VI) 
and the subsequent reversion of this to Fittig’s : 


o-- —O “J 
6 (FO—Ih,0 ( (VI.) —> ra 5 - « « « (A) 
j—-H ‘Ze Sv 


(b) The addition of two hydroxyl groups at the bridge, and the 
subsequent dehydration of the quinone dihydrate (VII) : 
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Since mechanism (B) differs from (A) in that its initial stage 
involves combination with water, it might be supposed that its 
admissibility could be decided by a consideration of well-known 
experiments in which dihydroxy-benzenes have been converted 
into quinones by oxidation with anhydrous oxidising agents, such 
as silver oxide in dry ether or benzene. This is not the case, how- 


* Others, for instance, certain obviously possible transformations involving 
para-ketonic modifications, must not be lost sight of, however. 
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ever, for, since for every molecule of water which enters into the 
reaction two are liberated in the free state, a very small initial 
concentration of water would at once commence to “ grow ” with 
a rapidity and in a manner suggestive of bacterial multiplication. 
Only if the initial concentration of water were extremely low would 
an appreciable period of induction be expected, and this was far 
from case in Willstitter, Pfannenstiel, and Miiller’s experiments 
(Ber., 1904, 37, 4744; 1908, 41, 2580), since precipitated silver 
oxide contains upwards of 3—4 molecular per cent. of absorbed or 
loosely combined water, even after drying over phosphoric oxide; 
and the investigators referred to did not take this precaution. 

In order to ascertain, if possible, whether any evidence on the 
point could be obtained, the author carried out the oxidation of 
quinol and 1 : 4-dihydroxynaphthalene under more strictly anhy.- 
drous conditions than those employed by Willstatter and his 
collaborators, and in each case observed a marked period of 
induction. Thus mechanism (B) is indicated.* 

Corresponding experiments with pyrocatechol and 1 : 2-dihydroxy- 
naphthalene yielded no undeniable evidence of a period of induction, 
and thus, for the formation of ortho-quinones, a mechanism analogous 
to (A) is suggested : 
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This contrast, and the implied difference of mechanism between 
the formation of ortho-quinones and of para-quinones by the 
oxidation of dihydric phenols, appear singular at first sight, but the 
difference is in agreement with certain well-known facts. For 
instance, it is in keeping with the contrast between the extreme 
difficulty which attends the formation of rings connected to the 
para-positions of a benzene ring and the remarkable ease with 
which ortho-positions can become involved in ring-formation. The 
intermediate products (VI) and (VIII) in schemes (A) and (C) are 
dicyclic structures, and it may well be that whilst the series of 
reactions represented by scheme (C) provides an easy path for the 
formation of ortho-quinones, the corresponding path to the para- 
quinone (scheme A) is unavailable on account of the difficulty 
attending the formation of the para-ring in (VIII). Hence mechan- 


* This conclusion is stated with reserve, in view of the fact that to prove 
that water intervenes is by no means the same as showing that it operates 
as scheme (B) indicates. An illustration of the caution that should be 
exercised in such matters will be given in a paper on “ The Mutarotation of 
the Sugars,” shortly to be published. 
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jm (B) is that which the reaction actually follows. In confirmation 
of this there is the fact that Willstatter and Miiller have isolated 
the unstable form (VIII) of o-benzoquinone by arresting the oxidation 
of pyrocatechol at an early stage, an experiment which has no parallel 
in the para-series. 

The points examined above have for the most part been raised by 
Robinson in a criticism incorporated in the Annual Reports for 1922 
(pp. 86—87), and in view of this fact it has been thought desirable 
to publish this paper without further delay. The author feels, 
however, that more crucial tests ought to be devised and applied 
before the indications given above can be replaced by positive 
conclusions, and that until this be done positive conclusions and 
criticism alike are premature. 


ExPERIMENTAL. 


General.—The oxidation of pyrocatechol to o-benzoquinone by 
silver oxide, suspended in ether at the ordinary temperature, has 
been described by Willstatter and Pfannenstiel, and by Willstatter ° 
and Miiller (loc. cit.). 

] : 2-Dihydroxynaphthalene is easily and quantitatively oxidised 
to ®-naphthaquinone by either silver oxide, or lead peroxide, 
suspended in boiling benzene. 

The oxidation of quinol to p-benzoquinone by metallic oxides in 
dry solvents does not appear to have been described. The action of 
silver oxide is slow, but lead peroxide in boiling benzene effected 
rapid and quantitative oxidation. 

1 : 4-Dihydroxynaphthalene may be converted in a similar manner 
into «-naphthaquinone. 

Method.—¥Each dihydroxy-compound was purified with the utmost 
care and then sealed up in a bulb communicating with a phosphoric 
oxide chamber. Internal bulbs, specially shaped so that they 
could be broken by a simple mechanical device, contained the dry 
solvent and the dry oxide. 

The oxide was chemically pure (in the case of silver oxide the 
purity was that of material used for atomic weight determinations), 
and was dried at about 150° in a completely evacuated tube having 
a phosphoric oxide chamber. 

The solvents were specially purified and had been stored over 
sodium for about three and a half years. They were distilled over 
sodium in an apparatus the internal surfaces of which had been 
dried at 500—600° by air dried by phosphoric oxide. 

After allowing two months in which to dry the dihydroxy- 
compounds, the externa] surfaces of the inner bulbs, and the internal 
surface of the outer bulb, the substances were caused to mix and 
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the oxidation was carried out side by side with a reference experi- 
ment similar in every respect to the first excepting that no special 
care had been taken to diminish the concentration of water. 

Results—(i). Pyrocatechol with silver oxide (five times the 
theoretical quantity) in ether at 18° (compare Willstitter and 
Pfannenstiel, loc. cit.). So far as qualitative observation went, 
there was no difference in the rate of oxidation in the two 
cases. 

(ii). 1 : 2-Dihydroxynaphthalene with lead peroxide (five times 
the theoretical quantity) in benzene at 100°. No appreciable differ. 
ence of velocity was observed, the reaction being practically complete 
in ten to twenty minutes. 

(iii). Quinol with lead peroxide (ten times the theoretical quantity) 
in benzene at 100°. In the reference experiment, oxidation was 
complete in two to three hours, whilst under anhydrous conditions 
no reaction appeared to take place during the first six hours’ heating, 
although after ten hours it was practically complete. 

(iv.) 1 : 4-Dihydroxynaphthalene with lead peroxide (ten times 
the theoretical quantity) in benzene at 100°. This experiment 
proceeded similarly to the last, the “ period of induction ” observed 
in the oxidation with dry materials being about four hours. 


In carrying out these few experiments, the author had the benefit 
of much detailed and valuable advice from Professor H. B. Baker, 
to whom, and to Mr. A. L. Riley, he is indebted for gifts of 
material. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutu Kensincron, 8.W. [Received, June 21st, 1923.] 


CCOXXXII.—Sintering: Its Nature and Cause. 


By Rosrrr Curistre Smiru. 


In a previous communication (Wright and Smith, T., 1921, 119, 
1683), attention was directed to the sintering of platinum black and 
other finely divided metals. The following work was undertaken 
to determine, if possible, the nature and cause of sintering. 

There are two possible theories of sintering. 

(1) The sintering may be due to the lowered melting point of the 
small particle, and connected with the phenomenon of its increased 
vapour pressure, 

(2) It may be due to a change in structure (a) from amorphous 
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to crystalline, (b) from one crystalline form to another, (c) from 
one size of crystal to another. 

In the previous paper it was suggested that the sintering might 
be due to (1), but subsequent investigation has shown that this 
theory will not wholly account for it. Pavlov (Z. physikal. Chem., 
1908, 65, 1) has determined theoretically the lowered melting point 
of a small particle due to its increased vapour pressure, and gives 
results obtained with commercial salol. Meissner (Z. anorg. Chem., 
1920, 110, 169) denied these results. The author, however, found 
that small particles of diphenylamine had a lowered melting point, 
but that the lowering amounted to only a fraction of a degree. In 
the above cases, it is most probable that the small particles were 
obtained by grinding (at least it was the case with the author), 
and it is quite possible that the smallest particles were, not crystal- 
line, but wholly vitreous; moreover, it is possible that a vitreous 
substance should melt at a lower temperature than the crystalline 
form, as energy is considered to be stored when a substance passes 
from the crystalline to the vitreous state. The lowered melting 
points obtained, however, under this head are not sufficient to 
explain sintering occurring hundreds of degrees below the melting 
point of the substance. If sintering were a melting-point pheno- 
menon, the introduction of a second substance should affect the 
sintering temperature. Platinum black was mixed with excess of 
precipitated gold and the mixture heated; the gold in the mixture 
did not sinter as readily as the pure variety, and seemed to gather 
itself into isolated lumps, as if a coating of platinum were surround- 
ing it and preventing sintering (the sintering point of platinum 
is 250° higher than that of gold), and where particles of platinum 
were observed they did not sinter until the usual temperature was 
reached. Hence the mixing of the powders has no effect on the 
sintering temperature. 

(2) (a) Bennett (J. Physical Chem., 1912, 16, 294), investigating 
the tensile strengths of copper electrolytically precipitated under 
different conditions, states that the precipitation of the metal in 
the crystalline state is not at all probable, and that it is likely that 
the metal comes down first of all in a condition analogous to a 
“melt” and then crystallises from this. It seems probable that 
with metals precipitated with rotating cathode (or anode) the atoms 
are kept in a state of vibration until they can take up their correct 
crystallographic position, and hence the metal is precipitated in 
the crystalline state, whereas with high current densities and no 
motion the atoms do not have the opportunity to orient themselves 
and are precipitated in the amorphous state (burnt). It seems 
therefore probable that platinum black, gold, etc., obtained by 
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electrolytic deposition are in the amorphous state. This assumption 
is supported by the fact that the precipitated metals, gold and silver, 
have a lower density than the annealed or crystalline varieties, 
and this is now generally accepted as indicating that they ar 
at least partly amorphous (Lowry and Parker, T., 1915, 107, 1005), 
In all the determinations of the sintering temperatures, the most 
definite results were obtained with the substances in the amorphous 
state. The results are given in tabulated form. 

It was shown by Beilby (‘‘ The Aggregation and Flow of Solids,” 
1921) that when metals are cold-worked or hardened, they are 
rendered vitreous or amorphous, and that annealing is simply 
heating the metal to the point at which the atoms or molecules 
have sufficient mobility to orient themselves in crystal] formation, 
and that this temperature may be far below the melting point of 
the solid. The vitreous state is brought about either by crushing 
and causing a flow of the crystals or by a sudden chilling preventing 
the molecules taking their correct orientation to form a crystal. 
Hence it was to be expected that in the case of powders obtained 
by grinding or filing the sintering would not be nearly so definite 
as in the case with amorphous (precipitated) particles. This was 
found to be the case with copper, nickel, and cobalt, the reason 
being that the powders obtained by grinding were vitreous on the 
outside only, and that the sintering which took place was due to 
the recrystallising of this amorphous layer. In the cases of the 
determinations of the sintering temperatures of the samples of 
aluminium, cobalt, copper, lead, nickel, and molybdenum, not 
obtained by precipitation, evidences of sintering were very slight, 
and this in most cases was due to the fact that all these samples 
had been obtained by grinding. 

The theory that sintering is due to change of state is further 
supported by the fact that prolonged heating at a low temperature 
does not produce sintering; for example, platinum black, heated 
for six hours at 400°, and also at 500°, showed no more sintering 
than if it had been heated at these two temperatures respectively 
for half an hour. Further evidence is also obtained from the fact 
that if a crystalline nucleus is introduced, sintering will be observed 
at a lower temperature. The lowest temperature given for the 
commencement of the sintering of platinum black in the previous 
paper is 300°, whereas in this, where the platinum black was 
supported not by platinum but by pipeclay, it is given as 500°. 
This observation was confirmed by placing platinum black in 
intimate contact with crystalline platinum, and part of the same 
sample of black on pipeclay. At 500°, the sample supported by the 
metal showed a higher degree of sintering than the other. It should 
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be noticed that the intimacy of the contact of the crystalline with 
the amorphous substance has a great deal to do with the result 
obtained. This phenomenon has also been noted by Beilby (loc. cit.) 
and Hanriot (Compt. rexd., 1911, 152, 704). A powder produced 
by grinding should therefore show a lower sintering temperature 
than that obtained by precipitation; this was observed in the case 
of nickel. It has been emphasised that sintering is dependent on 
the nature of the particle, and it should be noted that the size does 
not affect sintering. For instance, the effect of heating four 
blocks of silver, two with polished (or amorphous) surfaces and 
two with crystalline surfaces in contact, was investigated, and, as 
far as the evidence went, the uniting force between the two surfaces 
was very much greater in the case of the polished than in the case 
of the crystalline surfaces. Various factors had to be considered 
in drawing this conclusion, such as the area in contact and the fact 
that the polished surfaces would give better contact. The crystal- 
line surface was obtained by first polishing the blocks smooth and 
then annealing in order to eliminate the latter factor as much as 
possible. 

(2) (6) It is found also that sintering takes place when a 
substance changes from one crystalline form to another. For 
instance, iron (reduced) was found to sinter at 750—760° and at 
850—900°; the latter of these temperature ranges corresponds 
to a change in the crystalline state of the iron. This might be 
classed as an allotropic change—if solids which are polymorphous 
are admitted to be allotropes—but there is so much uncertainty as 
to an exact definition of allotropy that the author prefers to class 
these changes as being due to a transition from one crystalline form 
to another. With regard to the temperature of the change at 
750—760°, this is said to be purely a magnetic transition point, 
X-ray analysis showing no change in the space lattice. For the 
development of magnetism, however, there must be some change 
in the internal strain, and this would quite conceivably give rise to 
the type of change to be considered next under (2) (c). 

(2) (c) It is known that silver black cannot be preserved and 
that it speedily changes into grey or white, crystalline silver 
(Kohlschiitter and Toropoff, Z. Elekirochem., 1913, 19, 161). It 
therefore seems probable that its sintering temperature is below 
ordinary room temperature, and that it would be possible to 
prepare and preserve silver black at low temperatures. However, 
if the grey silver obtained by precipitation is heated, it gives evidence 
of sintering from 180°. It seems probable, therefore, that sintering 
is due in this case to a change in the size of the crystals of the 
silver. It is now well known that certain crystals change their size 
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on heating and the explanation has been suggested that adjacent 
crystals are only in equilibrium when the crystallographically 
equivalent lattice planes of both crystals lie in one plane (compare 
Tammann, T’., 1919, 416, 273; Carpenter and Elam, J. /nst. Met., 
1920, 24, 83). This would explain why the sintering temperature 
of cobalt in the amorphous state is lower than that of the filings; 
in the latter case, there is so little of the amorphous form present 
that its change is indetectable, and sintering will be observable 
only when the particles begin to change in size. In the case of 
copper, confirmation of this view was obtained in the increased 
sintering observed when the amorphous sample reached the 
sintering temperature of the reduced sample. It should be noticed 
that the reason that the sintering temperature of the reduced copper 
is higher than that of the amorphous copper and was due to change 
of size of crystals. This was due to the fact that the temperature 
at which the copper oxide was reduced was probably higher than 
the sintering temperature of amorphous copper. 

Kohlschiitter and Eydmann (Annalen, 1913, 398, 1), in a series of 
experiments with finely divided silver, drew the conclusion that 
sintering did not occur in the case of crystalline substances, but 
Day and Allen (Carnegie Inst. Pub. No. 31, 1905) pointed out that 
sintering took place even with the purest crystals of felspar obtain- 
able, and in view of the facts stated above it seems that sintering 
takes place even in crystalline substances. 

Evidence of sintering was found in the case of several inorganic 
substances. The powders used were obtained by grinding, and 
therefore the particles would be covered by an amorphous or a 
vitreous layer. In the case of soluble salts, it is difficult to draw 
any definite conclusions, as the cohesion may be due to expulsion 
of absorbed water. Bunsen (Wied. Ann., 1885, 24, 327) showed 
that absorbed water in certain cases was driven off only at 600— 
800°. Therefore, although a substance may be subjected to a 
preliminary drying at low temperature, some moisture may still 
remain. 


Conclusions. 


It has been shown that : 

(1) Sintering may take place in crystalline and in amorphous 
substances, 

(2) The sintering of a crystalline substance is due to a change 
in the size of the crystals or to the formation of an allotrope. 

(3) The sintering of an amorphous substance is due to the form- 
ation and growth of crystals (Beilby’s pulsation cell theory). 
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Results. 


Sintering 
Substance. State. temp. Substance. State. 
Ppted. Pb Ppted. 
f Filings 
\ Ppted. 
Filings 


Lad 


Filings 
f_ 
\ Ppted. 
{ Reduced volatilised 
\ Ppted. at 700° 


Reduced 300 
300 


99 
Ground 


Fe (tn vacuo) »» 


Fe Ppted. 750 
(not heated 
above 800°.) 


* The caking observed here was due to reduction of the film of oxide with 
which the iron was coated. 


EXPERIMENTAL. 
The powder was passed through a sieve of 150 mesh and placed 


either in a porcelain boat or on a strip of pipeclay. In the case of 
the oxidisable metals, the loaded carrier was placed in a silica 
test-tube, fitted so that a continuous stream of hydrogen gas could 
be passed through it. In other cases, the boat was inserted directly 
in the furnace, which was electrically heated. The hydrogen gas 
was purified by passing it through potassium permanganate and 
concentrated sulphuric acid. The palladium was heated in an 
atmosphere of carbon dioxide. The samples were heated at 
increasing temperatures, 150°, 200°, 250° . . . up to the sintering 
temperature or to 1000°, the heating being maintained at each 
temperature for a period of half an hour. Some of the samples, 
observed microscopically, were seen quite plainly to be oxidised 
and the reduction was followed with increasing temperature. 
Sintering was detected by the lightening of the colour of the powder, 
by the appearance of metallic lustre, and by prodding the particles 
with a light wire to determine when they were clinging to each other. 
Some powders showed a tendency to cling together before heating, 
but sintering was quite plainly evidenced by a definite caking. 
The melting point of the diphenylamine was determined by placing 
some of the powder in a melting-point tube, and immersing it along 
with a thermometer in a bath of 7 litres capacity, the temperature 
of which was raised at the rate of one degree in ten minutes. The 
particles were observed by means of a short-focus telescope. The 
VOL. CXXIII. 4B 
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melting points of the particles were seen and observed quite 
definitely. 

‘In the case of the powders that were to be heated in a vacuum 
the silica test-tube was fitted with a rubber stopper and carried 
a water jacket round the mouth of the tube. The vacuum was 
obtained by means of a Tépler pump. 

In the experiments on the heating of polished and of crystalline 
surfaces in contact, one face of each of several small blocks of silver 
was polished. ‘Two of the blocks were then heated until the polished 
surfaces became crystalline. They were then placed together with 
the crystalline surfaces in contact and were heated, along with two 
other blocks with polished surfaces in contact, in a furnace at 500°. 
On cooling, the union in both cases sustained a weight of 56 Ib., 
but broke when subjected to a side thrust—the crystalline sample 
breaking first. 

PuysIcaAL CHEMISTRY DEPARTMENT, 

UNIVERSITY OF GLASGOW. [Received, May 23rd, 1923.] 


CCXXXIII.—Derivatives of Phthalonic Acid, 4 : 5-Di- 
methoxyphthalonic Acid, and 4: 5-Dimethoxy-o- 
tolylglyoxylic Acid. 


By (Miss) Carka Kuropa and WILLIAM HENRY PERKIN, jun. 


IN a previous communication (T., 1921, 119, 1724) dealing with 
the synthesis of m-opianic acid, it was shown that this acid may be 
obtained from 4 : 5-dimethoxyphthalonic acid either (i) by heating 
with sodium hydrogen sulphite or (ii) with the aid of aniline : 


, MeO’ » 
(i) MeO OH —> Meo 


CO-CO,H Me0/ \CHO |, g 
Ico =H + CO, 
A 

(I.) (III.) 


/©(CO,H) NHPh fam 
(ii) CoH (OMe) gr —_> CoH (OMe) 490 —> (IIL) 


(II.) 


During the course of that investigation a number of interesting 
changes were observed which could not, at the time, be followed 
up, and the study of these has now been undertaken and forms the 
subject of the present communication. It is characteristic of 4 : 5- 
dimethoxyphthalonic acid (I) that it separates from water in prisms 
having the composition C,,H,,0,,2H,O, and that, when heated 
at 100°, one only of these molecules of water is given off, whereas 
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the second molecule cannot be removed by heat without, at the 
same time, decomposing the acid. If, however, the ethereal solu- 
tion of the hydrated acid is dried over anhydrous sodium sulphate 
and concentrated, the anhydrous acid, C,,H,,0,, separates in 
prisms melting at about 187°. While the hydrated acid is very 
readily soluble in cold water, the anhydrous acid dissolves with 
difficulty, and it is stated in the earlier communication (p. 1726) 
that the latter separates from water in anhydrous prisms. This 
result was certainly achieved on one occasion, but we have not been 
able to repeat the conditions, for in every subsequent experiment 
the solution of the anhydrous acid in water always deposited, on 
cooling, prisms of the composition C,,H,,0,,2H,O. The remarkable 
difference in solubility in cold water indicated that the hydrated 
and anhydrous acids are differently constituted and it was suggested 
at the time that the former is the hydrated form of normal 4: 5- 
dimethoxyphthalonic acid (IV), whereas the latter is the tautomeric 
modification (V) and this we propose to call 4: 5-dimethoxy-yp- 
phthalonic acid. 


, Meo/ Ne OH),CO,H = MeO“ \C(OH)-CO,H 


Meo\_v0,H Meo\_/co7? 


The study of the action of acetyl chloride has furnished direct 
evidence of the existence of these two modifications. The hydrated 
acid (IV), on treatment with acetyl chloride, is converted almost 
exclusively into 4: 5-dimethoxyphthalonic anhydride (VI), which 
is bright yellow and melts at 216°, whereas the anhydrous acid (V) 
yields, under the same conditions, acetyl-4 : 5-dimethoxy--phthalonic 
acid (VII) as well as the yellow anhydride of melting point 216°. 


foo C(OAc)-CO,H 
(VI.) CgH,(OMe), , S (VII.) 
‘O 


(V.) 


This interesting acety! derivative of the y-acid is colourless and, 
when heated, is decomposed into acetic acid and the yellow anhydr- 
ide of m. p. 216°, a curious rearrangement of the molecule. It 
may be dissolved in cold water without decomposition and titrates 
as a monobasic acid, but, on boiling with water, it decomposes 
quantitatively into acetic and dimethoxyphthalonic acids. The 
tendency to combine with water is not only a characteristic of 
dimethoxyphthalonic acid itself, but also extends to the hydrogen 
methyl and hydrogen ethyl salts. These crystalline substances are 
obtained when dimethoxyphthalonic anhydride is boiled with 


methyl or ethyl alcohol and, as they occur in the hydrated form, 
4B2 
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it is probable that the group >CO-CO,H is intact in these esters, 
which may therefore be assumed to have the formulae 

CH,(OMe), <p we oe and CoHa(OMe)<y a? CO,H 

When the silver i of these acid esters are treated with methy] 
iodide, they yield the dimethyl and methyl ethyl esters 

CO:CO,M CO-CO,Me 
C,H,(OMe e). <0, Me and CoHa(OMe)s< 66, to5” . 
and it is interesting that these substances exhibit no tendency to 
combine with water. 

An unsuccessful experiment is described on p. 2102 which had 
for its object the preparation of the methy] ester of 4 : 5-dimethoxy- 
y-phthalonic acid (V). On the other hand, the interesting methyl 
ester of acetyl-4 : 5-dimethoxy-w-phthalonic acid, 


/(OAc)CO,Me 
CoH OMe 0 


has been obtained from the acetyl y-acid by treatment with silver 
oxide and methyl iodide in the presence of ether. It melts at 127° 
and is not immediately hydrolysed on boiling with water. 

4:5-Dimethoxyphthalonic acid and its anhydride exhibit a 
marked tendency to react with aniline and its derivatives, and a 
careful study of the behaviour of the acid and its anhydride with 
aniline and also with phenylhydrazine has led to interesting results. 
In the previous communication (loc. cit., p. 1726) it was shown that 
a hot aqueous solution of the acid reacts with aniline to yield the 
aniline salt of anilino-4: 5-dimethoxyphthalonic acid and that 
this substance, on heating, yields anilino-m-opianic acid with elimina- 
tion of aniline and carbon dioxide : 


C(NHPh)-CO,H,NH,Ph /PENHPh 
2 No = CgH,(OMe), O 

CO’ \co’ 
PhNH, + CO,. 


The anhydride of 4: 5-dimethoxyphthalonic acid reacts still 
more readily with aniline and the following substances have been 
obtained during the study of this change. 

(i) A substance, Cy9HgO,Ns, formed when the anhydride, sus- 
pended in benzene, is mixed with aniline. It melts at 151°, dissolves 
in sodium carbonate solution, and is probably aniline «-anilino-*- 
hydroay-4 : 5-dimethoxyhomophthalanilate, 

C(OH)(NHPh)-CO- NHPh 
CoH(OMe): SCO. NH,Ph 


C,H, (OMe) 
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(ii) A substance, C,,H,,0O,N, produced from (i) by heating with 
solvents. This substance melts at vod is soluble in sodium car- 
bonate solution, and is probably 4: 5-dimethoxyphthalon-2-anilic 
acid, C,H,(OMe),(CO,H)CO-CO-NHPh, but it may also have the 
isomeric formula containing the aniline residue attached to the 
other carboxyl group. On treatment with aniline, this anilic 
acid is converted into the aniline salt (i). 

(iii) The substance (ii) is decomposed at its melting point yielding 
4: 5-dimethoxyphthalonanil (m. p. 238°) and m-hemipinanilic acid 
(m. p. 160°), 

C,H,(OMe),<oO'G° and 0,H,(OMe),(CO,H)-CO-NHPh 
?CO-NPh — TT 

The latter substance, which may also be obtained from m-hemi- 
pinic anhydride by the action of aniline, does not appear to have 
been described. 

(iv) 4 : 5-Dimethoxyphthalondianilide, 

C,H,(OMe),(CO-NHPh)-CO-CO-NHPh, 
which melts at 238° and is produced when dimethoxyphthalonic 
anhydride and aniline are heated on the steam-bath without a 


solvent. 
Action of Phenylhydrazine—The boiling aqueous solution of 


4; 5-dimethoxyphthalonic acid reacts readily with phenylhydrazine 
to yield 1-keto-6 : 7-dimethoxy-2-phenyl-1 : 2-dihydrophthalazine-4- 
carboxylic acid, Cy,H,,0,;N., which is evidently formed from the 
normal hydrazone by internal condensation according to the scheme 


CO-0OH —— NPh 
CH(OMe so oyaeAPh ~> CeHaOMe<cog ay” 
This substance melts at 244° and is soluble in dilute ammonia. 

The interesting observation was made that, if p-bromophenyl- 
hydrazine is substituted for phenylhydrazine and the experiment 
conducted under the same conditions, the substance produced has 
the composition C,,H,,0,N,Br (m. p. 222°) and is therefore the 
normal p-bromophenylhydrazone of 4 : 5-dimethoxyphthalonic acid. 

The anhydride of dimethoxyphthalonic acid also reacts readily 
with phenylhydrazine, and the substance produced, C.,H,.O;N, 
m. p. 260°, appears to be 4 : 5-dimethoxyphthalonic acid-1-phenylhydr- 
azone-2-phenylhydrazide (VIL), CgH,(OMe)s< Cen NH Phy. CO.H 
The results of the careful investigation of the properties of 4: 5- 
dimethoxyphthalonic acid, which have just been summarised, 
seemed to make it desirable that the behaviour of the parent acid— 
phthalonic acid, under similar conditions, should be more carefully 
investigated than had so far been done and the results of this investi- 
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gation fall in line with those observed in the case of the dimethoxy. 
acid. Like the latter acid, phthalonic acid exists in the hydrated 
form, C,H,(CO,H)-CO-CO,H,2H,O, and as the anhydrous acid, 
We investigated, in the first place, the action of acetyl chloride on 
anhydrous phthalonic acid and obtained the normal yellow anhydride 


CHO RS which melts at 186° and had already been described 


by Tcherniac (Ber., 1898, 34, 139; T., 1916, 109, 1238), who 
obtained it from phthalonic acid by the action of acetic anhydride, 
From the acetyl chloride mother-liquors of the anhydride, we were 
able to isolate small quantities of acetyl-p-phthalonic acid, 
/2 OAc) COL 
CHK ~o 
\co’ 
verted into acetic acid and normal phthalonic anhydride (compare 
p. 2106). 

It is evident therefore that phthalonic acid, like the dimethoxy- 
derivative, is capable of existing in two modifications, the hydrated 
acid being represented by formula (IX), whilst the anhydrous acid 
is the y-modification (X). 


((OH),-CO,H (C(OH)-CO,H 
ow on OD 
\co,H \co’? 


The behaviour of the anhydride of phthalonic acid with aniline, 
described on p. 2107, is so exactly analogous to that observed in 
the case of the dimethoxy-derivative that a detailed discussion of 
the constitutions of the substances obtained is unnecessary. 

The third section of this communication deals with the properties 
of 4: 5-dimethoxy-o-tolylglyoxylic acid and especially with its 
behaviour with aniline and with the conditions required for its 
conversion into 4 : 5-dimethox y-o-tolualdehyde, (MeO),C,H,Me-CHO. 

4 : 5-Dimethoxy-o-tolylglyoxylic acid is readily obtained (together 
with 4: 5-dimethoxyphthalonic acid) by the oxidation of 4: 5- 
Wor sfaer 28 fs methyl ketone with Fagg te 


, which is colourless and, on heating, is con- 


(IX.) O,H (X.) 


‘e ‘CH, MeO. ‘es 00, H 


MeO” 
MeO 


(T., 1921, 119, oS but has been was investigated. A number 
of new and interesting derivatives are described in the experimental 
section. Unexpected difficulties were met with in attempting to 
convert the acid into 4: 5-dimethoxy-o-tolualdehyde. Unlike 
many glyoxylic acids, this acid is not decomposed by boiling with 
sodium hydrogen sulphite with elimination of carbon dioxide 
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and formation of the aldehyde. It combines, however, readily 
with aniline yielding the aniline salt and this, on boiling with 
xylene, is decomposed in the normal manner with elimination of 
carbon dioxide and formation of 4 : 5-dimethoxy-o-tolylideneaniline, 
(MeO),C,H,Me-CH:NPh. 

Attempts to obtain the free aldehyde from this derivative by 
hydrolysis with hydrochloric acid were, for a long time, unsuccess- 
ful. When the tolylidene derivative is boiled with hydrochloric 
acid, it is not decomposed, with the separation of the rather spar- 
ingly soluble aldehyde, but merely combines with the acid, and a 
hydrochloride of the composition [(MeO),C,H,Me-CH:NPh,HCl],,H,O 
crystallises from the solution. Some hydrolysis must, however, 
take place, because aldehyde may be removed from the solution 
by extraction with ether. 

This process evidently upsets the equilibrium and ultimately 
the whole of the aldehyde may be recovered by repeated extraction 
with ether. 

The addition of hydroxylamine hydrochloride or semicarbazide 
hydrochloride and sodium acetate to the solution of the hydro- 
chloride of the tolylidene derivative in dilute hydrochloric acid 
causes the oxime or semicarbazone of the aldehyde to separate, 
but the same difficulty is again met with in attempting to obtain 


the aldehyde from these derivatives by hydrolysis with acids. 


EXPERIMENTAL, 
Derivatives of 4: 5-Dimethoxyphthalonic Acid. 


4: 5-Dimethoxyphthalonic Anhydride (Formula V1).—In order to 
prepare this substance, the anhydrous acid (2 grams: T., 1921, 
119, 1736) is heated with acetyl! chloride (6 c.c.) in a reflux apparatus 
on the steam-bath for two hours and allowed to remain over-night. 
The bright yellow crystals (1 gram) which will have separated are 
collected by the aid of the pump, washed with ether, and dried in 
a vacuum desiccator. The anhydride may also be conveniently pre- 
pared by boiling dimethoxyphthalonic acid with acetic anhydride, 
when, on cooling, brilliant yellow crystals separate. It may also 
be obtained by boiling the hydrated acid with acetyl chloride (com- 
pare p. 2095) (Found: C= 55°38; H= 3-4. C,,H,O, requires 
C= 55:9; H = 3-4 per cent.). Dimethoxyphthalonic anhydride 
melts at 216° and dissolves with some difficulty in most of the usual 
solvents in the cold; it may be recrystallised from boiling benzene 
or xylene, but the best solvent for this purpose is acetic anhydride. 
Exposure to the air does not appear to convert the anhydride into 
the acid, but boiling with solvents which are not anhydrous, such 
as 80 per cent. acetic acid, soon brings about hydrolysis. This 
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change takes place rapidly when the anhydride is boiled with water 
and, on concentrating, hydrated dimethoxyphthalonic acid, 
C,,H,,0,,2H,O, separates. The anhydride is coloured red by con. 
centrated sulphuric acid, but, on warming, the liquid rapidly 
becomes colourless, carbon monoxide is liberated, and the solution 
contains m-hemipinic acid. 

Acetyl-4 : 5-dimethoxy--phthalonic Acid (Formula VII).—When 
the acetyl chloride mother-liquors, from which the yellow crystals 
of dimethoxyphthalonic anhydride have been removed by filtration, 
as explained above, are allowed to concentrate over solid potassium 
hydroxide in a vacuum desiccator, small, colourless crystals of the 
acetyl-y-acid gradually separate. The yield of the washed (ether) 
product is 0°8 gram, and the substance may be recrystallised by 
adding ether to the solution in glacial acetic acid, when it separates 
in colourless prisms (Found: C= 527; H=40. (C,3H;,0, 
requires C = 52°7; H = 4-0 per cent.). If the hydrated crystals 
of dimethoxyphthalonic acid, C,,H4)0,,2H,O, (5 grams) are boiled 
with a large excess of acetyl chloride (30 c.c.), a vigorous action 
takes place and, after heating on the water-bath to complete the 
decomposition, almost the whole product (3°6 grams) separates 
as the yellow anhydride and only a very small quantity of the 
colourless acetyl derivative of the y-acid is produced. This 
interesting observation was confirmed by several experiments. 

Acetyl-4 : 5-dimethoxy-y-phthalonic acid exhibits an interest- 
ing behaviour when heated in a capillary tube. The colourless 
substance shrinks at about 150° and gradually changes to yellow 
crystals which melt at 215—216° and consist of dimethoxyphthalonic 
anhydride. On repeating the experiment in a test-tube with some- 
what larger quantities, a liquid distilled which had a strongly acid 
reaction, and the odour of acetic acid, containing a little acetic 
anhydride, became apparent. A similar change takes place when 
the acetyl-y-acid is boiled with xylene, and yellow crystals of 
the anhydride separate on cooling. The action of water on the 
acetyl-y-acid has been investigated in some detail. 

It is somewhat remarkable that this substance dissolves in cold 
water and is so slowly hydrolysed that it may be accurately estimated 
by titration with sodium carbonate if the operation is rapidly 
carried out. The substance (0°1010 gram) was dissolved in cold 
water and titrated with N/10-sodium carbonate, using methyl- 
orange as indicator, when it neutralised 3°45 c.c., whereas this 
amount of a monobasic acid, C;3H,,0,, should neutralise 3:4 c.c. 
When, however, the acetyl-w-acid is boiled with water, it is rapidly 
hydrolysed and, on evaporation, crystals of hydrated dimethoxy- 
phthalonic acid, C,,H,,0,,2H,O, separate. The change is quantita- 


ah =~ @® = Mm = I 
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tive, as the following experiment shows. The acetyl-y-acid 
(0:1770 gram) was distilled in steam and the acetic acid in the 
distillate estimated by titration with N/10-sodium hydroxide, 
phenolphthalein being used as indicator. The amount required 
for neutralisation was 6°02 c.c., whereas that calculated is 5°98 c.c. 
The solution of dimethoxyphthalonic acid in the distillation flask 
neutralised 11°85 c.c. of N /10-sodium hydroxide instead of 11°96c.c., 
which is the amount theoretically required. 

Methyl Hydrogen Dimethoxyphthalonate, 

C,H,(OMe),(CO,Me)-C(OH),°CO,H. 

—When the anhydride of dimethoxyphthalonic acid (3 grams) 
is boiled with alcohol (6 c.c.) for a few minutes, a colourless solution 
is obtained and, on addition of water, the methyl hydrogen ester 
separates as a mass of needles, which is purified by recrystallisation 
from water. The needles soften at 112°, melt at 120—122°, and 
contain water (Found: C=501; H=49. C,.H,,.0,,H,O 
requires C = 50°3; H = 4°9 per cent.). 

The corresponding ethyl hydrogen ester, obtained in a similar 
manner, also separates from water in needles containing 1H,0; 
it softens at 85° and melts at 92° (Found: C= 519; H = 5:2. 
C,3H,,0,,H,O requires C = 52°0; H = 5:3 per cent.). 

Dimethyl Dimethoxyphthalonate, 

C,H,(OMe),(CO,Me)-CO-CO,Me. 
—In order to obtain this ester, the silver salt of methyl hydrogen 
dimethoxyphthalonate was prepared by adding silver nitrate to 
the neutral solution of the ammonium salt, when it separated in 
needles. The silver salt was collected, dried, suspended in ether, 
boiled with excess of methyl iodide for three hours, the product 
filtered, and the ether evaporated. The solid residue crystallised 
from ether in prisms and melted at 105—106° (Found: C = 552; 
H= 5:1. C,,3H,,0, requires C = 55:3; H = 4:9 per cent.). 
Methyl Ethyl Dimethoxyphthalonate, 
C,H,(OMe),(CO,Et)-CO-CO,Me. 
—The silver salt of ethyl hydrogen dimethoxyphthalonate, obtained 
by adding silver nitrate to the neutral solution of the ammonium 
salt, crystallises in needles (Found: Ag = 28°0. C,3H,,0,Ag 
requires Ag = 27'7 per cent.). This substance was digested, in 
ether suspension, with methyl iodide for three hours, and the 
filtered ethereal solution evaporated, when a solid remained which 
separated from alcohol in prisms and melted at 100° (Found: 
C= 568; H=5°4. C,,H,,0, requires C = 56°8 ; H = 5°4 percent.). 
The Semicarbazone of Dimethoxyphthalonic Acid, 
C,H,(OMe),(CO,H)-C(°N-NH-CO-NH,)-CO,H,H,0. 
—When semicarbazide hydrochloride (4 grams), dimolved in a 
4B 
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little water, is added to the hot aqueous solution of dimethoxy- 
phthalonic acid (2 grams), and the whole heated on the steam-bath, 
colourless crystals soon commence to separate. After being washed 
successively with water, alcohol, and ether, the substance melted 
at 275° (Found: C= 444; H=48; N=12°7. C,.H,,;0,N, 
requires C = 43°38; H = 46; N = 12°9 per cent.). On titration, 
0°1500 neutralised 9:2 c.c. of N/10-sodium hydroxide, whereas 
this amount of the dibasic acid should neutralise 9°16 c.c. The 
semicarbazone dissolves to a red solution in concentrated sulphuric 
acid and, on diluting, a yellow precipitate separates. 

The analysis given above indicated that the composition of the 
semicarbazone is unusual, since it contains 1H,O. When it is heated 
in the steam-oven, it does not change, but at 105° it gradually loses 
weight (0°2220 gram lost 0°0230 after being heated at 105° for 
twelve hours, the loss corresponding to 10°4 per cent., whereas 
C,,H,,0,N3,H,O, losing 2H,O, requires loss = 10°97 per cent.). 

Dehydration is, however, most conveniently brought about by 
boiling with glacial acetic acid, when, on cooling, a colourless sub- 
stance, C,,H,,0,N,, separates which probably has the constitution 

‘)-——- N-CO’N 
CoH (OMe), sat CO-NH; (Found: C= 496; H=39. 
C,.H,,O,N, requires C = 49°1; H = 3°7 per cent.). 

This anhydrosemicarbazone melts at 280° and is soluble in dilute 
ammonia. It dissolves in sulphuric acid to a yellow solution 
and, on diluting with water, a white precipitate separates. 

It has been suggested (p. 2095) that anhydrous 4 : 5-dimethoxy- 
phthalonic acid is, in reality, the ~-modification of this acid, and 
accordingly an attempt was made to obtain the methy] ester of this 
y-modification by adding dilute ammonia to the suspension of the 
anhydrous acid in water until most had dissolved, filtering immedi- 
ately, and then adding silver nitrate, when needles of a silver salt 
rapidly separated. This salt was collected, dried in a vacuum 
desiccator, suspended in ether, and warmed with excess of methy] 
iodide for two hours; on concentrating, a substance separated in 
needles, melted at 105—106°, and was recognised as the dimethyl 
ester of ordinary 4 : 5-dimethoxyphthalonic acid. A similar result 
was obtained in an experiment carried out under the same con- 
ditions with acetyl 4 : 5-dimethoxy-y-phthalonic acid; the ethereal 
solution of the product of the action of methyl iodide on the 
silver salt deposited, on concentration, needles which melted at 
105—106° and consisted of the dimethyl ester of 4 : 5-dimethoxy- 
phthalonic acid. Ultimately, however, we succeeded in obtaining 
the methyl ester of acetyldimethoxy-y-phthalonic acid under the 
following unusual conditions. The acetyl acid (0°2 gram) was 
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mixed with silver oxide (0°5 gram), anhydrous sodium sulphate 
2 grams), and dry ether, and the whole heated for two hours on 
the steam-bath with frequent shaking. Excess of methyl iodide 
yas then added and the heating continued for a further three hours. 
The ethereal solution was then concentrated and yielded small, 
olourless crystals, which were recrystallised by adding ether to 
the concentrated solution in benzene (Found: C = 543; H = 4:7. 
(4H 140, requires C = 54:2; H = 4°5 per cent.). 

The methyl ester of acetyl-4 : 5-dimethoxy-y-phthalonic acid 
melts at 127—128° and is insoluble in cold dilute sodium carbonate 
solution. It may be recrystallised from water if the operation 
is rapidly conducted, the crystals which separate melting at 127°, 
but long boiling with water hydrolyses the ester and the solution 


a becomes strongly acid. 


Action of Phenylhydrazine on 4: 5-Dimethoxyphthalonic Acid. 

1-Keto-6 : 7-dimethoxy-2-phenyl-1 : 2-dihydrophthalazine-4-carboxylic 
Acid. (Formula, p. 2097).—When phenylhydrazine (2 grams) is 
added to the boiling aqueous solution of dimethoxyphthalonic acid (1 
gram), a syrup separates which soon crystallises. The substance was 
collected, washed first with water, then with alcohol and ether, 
and recrystallised from acetic acid from which it separated in very 
pale yellow crystals (Found: C=626; H=47; N=87. 
(17H 4O;N. requires C= 626; H=43; N=8°6 per cent.). 
This substance melts at 244°, and is very sparingly soluble in alcohol, 
acetic ester, benzene, or light petroleum ; it dissolves with difficulty 
in dilute sodium carbonate solution, but is readily soluble in aqueous 
ammonia. It undergoes change on boiling with nitrobenzene and, 
on cooling, yellow crystals melting at 218° separate. 

The p-Bromophenylhydrazone of Dimethoxyphthalonic Acid.— 
The unusual behaviour of dimethoxyphthalonic acid towards pheny]l- 
hydrazine, just described, is not observed when p-bromophenyl- 
hydrazine is empioyed, as, in this case, the normal p-bromophenyl- 
hydrazone results. This substance is readily prepared by adding 
a hot aqueous solution of p-bromophenylhydrazine (1 gram) to a 
hot solution of dimethoxyphthalonic acid (1 gram), when a mass 
of pale yellow crystals soon separates. After washing with water, 
alcohol, and ether, the substance melts at 222° with decomposition 
(Found: C = 486; H=3°9. C,,H,;O,N,Br requires C = 48:2; 
H = 3°6 per cent.). This substance is sparingly soluble in most 
of the usual solvents and dissolves readily in dilute sodium 
carbonate solution. The solution in sulphuric acid is red; on the 
addition of water, the colour is destroyed and a white precipitate 


separates. 
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4:5-Dimethoxyphthalonic Acid 1-Phenylhydrazone  2-Phenyl. 
hydrazide (Formula VIII)—When dimethoxyphthalonic anhydride 
(1°5 grams) is digested with a benzene solution of phenylhydrazine 
(3 grams), rapid combination takes place with rise of temperature 
and a viscid syrup forms which, on rubbing with a glass rod, soon 
crystallises. After cooling, the mass was rubbed with alcohol, 
collected, and washed with ether; the colourless, crystalline residue 
melted at 260° (Found: C = 63°7; H = 52. C,,H..0;N, requires 
C = 63°6; H = 5:1 per cent.). 

This substance is soluble with difficulty in sodium carbonate or 
dilute ammonia solution in the cold, but dissolves readily in hot 
dilute sodium hydroxide solution. The solution in concentrated 
sulphuric acid is red and the colour is not destroyed nor does any 
precipitate separate on diluting with water. 


Action of Aniline on the Anhydride of 4 : 5-Dimethoxyphthalonic 
Acid. 

Aniline «-Anilino-«-hydroxy-4 : 5-dimethoxyhomophthalanilate (For- 
mula, p. 2096).—When dimethoxyphthalonic anhydride (1 gram), 
suspended in a little benzene, is mixed with aniline (3 c.c.), reaction 
takes place readily with rise of temperature and a viscous liquid 
is formed which, on standing, deposits small crystals and, on adding 
ether, the whole becomes filled with crystals. These were collected 
with the aid of the pump and washed with ether (Found : C = 67:2; 
H=56; N=82. C,H, 0,N, requires C = 676; H= 56; 
N = 8:2 per cent.). 

This curious substance melts at 151° and solidifies again, probably 
owing to conversion into 4: 5-dimethoxyphthalondianilide (see 
below), and the melting point rises to 238°. It is soluble in benzene, 
chloroform, or acetone, but attempts to recrystallise it were not 
successful; on boiling with solvents, a change suddenly takes 
place and crystals of 4: 5-dimethoxyphthalon-2-anilic acid (m. p. 
208°) separate. The substance (m. p. 151°) dissolves in sodium 
carbonate solution in the cold with liberation of aniline and on the 
addition of hydrochloric acid, the anilic acid (m. p. 208°) separates. 

Dimethoxyphthalon-2-anilic acid (Formula, p. 2097) is readily 
prepared by boiling the substance of melting point 151° with chloro- 
form for a few minutes, when, on standing, needles separate which 
are collected, washed with ether, and recrystallised from alcohol 
(Found: C=618; H=45; N=42. C,,H,,0,N requires 
C = 620; H=45; N = 4-2 per cent.). 

This anilic acid melts at 208°, is soluble in sodium carbonate 
solution and is reprecipitated unchanged on the addition of hydro- 
chloric acid. Titration with N/10-sodium hydroxide gave numbers 
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showing that the substance is a monobasic acid. Suspended in 
benzene and mixed with aniline, this substance is converted into the 
aniline salt melting at 151°. 

Heated in a sulphuric acid bath at its melting point, this anilic 
acid became yellow and underwent a complex decomposition. 
The product dissolved in boiling acetone and the solution, on stand- 
ing, deposited crystals. These were collected by the aid of the 
pump (filtrate A), digested with sodium carbonate solution, again 
filtered (filtrate B), and the residue recrystallised from acetone 
(Found: C=654; H=43; N=41. C,,H,,0;N requires 
C= 656; H=—42; N =4°5 per cent.). 

4 : 5-Dimethoxyphthalonanil (Formula, p. 2097) melts at 238° and 
is sparingly soluble in ether or benzene, and more readily soluble in 
acetone, from which it crystallises in pale yellow needles; it is 
insoluble in aqueous sodium carbonate or hydroxide in the cold. 

m-Hemipinanilic Acid (Formula, p. 2097).—The acetone filtrate 
(A, above), on exposure to the air, deposited a yellow syrup and, 
on rubbing with sodium carbonate solution, a small quantity of 
a yellow powder separated which is a mixture and has not been 
further investigated. The filtrate from this yielded, on acidifying, 
a crystalline substance which separated from benzene in needles, 
melted at 160°, and evidently consists of m-hemipinanilic acid 
(Found: C= 641; H=5:1. C,,H,;0;N requires C = 63'8; 
H = 5:1 per cent.), Filtrate B (see above) yielded, on acidifying, 
a very small quantity of a colourless substance which crystallised 
from methyl alcohol, melted at 280°, and gave on analysis: 
C = 62°55; H=5-4 per cent., but the substance has not been 
identified. 

4 : 5-Dimethoxyphthalondianilide (Formula, p. 2097).—When 4 : 5- 
dimethoxyphthalonic anhydride, mixed with excess of aniline, 
was heated on the steam-bath, a clear liquid was obtained which, 
on cooling and rubbing, quickly crystallised. The product was 
stirred with ether, the crystalline mass collected, washed with 
ether, and recrystallised from nitrobenzene (Found: C = 67°8; 
H=56; N=70. CygH0;N, requires C = 683; H = 5:1; 
N = 7:0 per cent.). This dianilide melts at 238°, is very sparingly 
soluble in the usual solvents, and insoluble in sodium carbonate 
solution, but, when boiled with aqueous sodium hydroxide, it dis- 
solves with separation of aniline. Its solution in concentrated 
sulphuric acid has a red colour. 


Derivatives of Phthalonic Acid. 


& The Anhydride; of Phthalonic Acid (Formula, p. 2098).—This 
anhydride is readily prepared by heating anhydrous phthalonic 


2106 KURODA AND PERKIN: DERIVATIVES OF 


acid * (3 grams) with acetyl chloride (7 ¢.c.) substantially under the 
conditions recommended for the preparation of the dimethoxy. 
derivative (p. 2099). It separates from the product in pale yellow 
crystals, which are collected, rapidly washed with dry ether, and 
transferred to a vacuum desiccator containing phosphoric oxide 
(Found; C = 61:1; H = 2°5. C,H,O, requires C = 61:3; H = 23 
per cent.). Phthalonic anhydride melts at 186° and is much more 
readily hydrolysed than the corresponding dimethoxy-derivative. 
Thus, whilst the latter is stable on exposure to air, phthalonic 
anhydride is slowly hydrolysed to phthalonic acid under these 
conditions. Hydrolysis is very rapid when the anhydride is warmed 
with water, and the solution yields, on extraction with ether, 
drying over anhydrous sodium sulphate, and evaporation, pure 
phthalonic acid melting at 146°. 

The difficulty in preparing phthalonic acid free from traces of 
phthalic acid is well known; it may be readily overcome by con- 
verting the nearly pure acid into the anhydride and then hydrolysing 
by contact with water. Phthalonic anhydride is rather sparingly 
soluble in benzene and may be recrystallised from this solvent 
under anhydrous conditions, but the least trace of moisture leads 
to an impure product. 

Acetyl-y-phthalonic Acid (Formula, p. 2098).—The yield of 
phthalonic anhydride obtained under the conditions just described 
is about 2:4 grams, and the acetyl chloride mother-liquors deposit, 
on concentration, colourless prisms (0°2 gram) of the acetyl-y-acid. 
This is collected and washed with ether; it may then be recrystal- 
lised by adding ether to the solution in glacial acetic acid (Found: 
C= 556; H=3°6. C,,H,O, requires C = 55:9; H = 3°6 per cent.). 

On heating in a capillary tube, acetyl-y-phthalonic acid 
gradually turns yellow and melts at 185—186°, decomposition into 
phthalonic anhydride and acetic acid taking place. This behaviour, 
coupled with the small amount produced when phthalonic acid is 
digested with acetyl chloride, may easily lead to the acetyl-y- 
acid being overlooked. Acetyl-y-phthalonic acid is not readily 
hydrolysed by cold water, and may, in fact, be accurately titrated 
if the operation is rapidly carried out. Thus 0°1010 gram, dissolved 
in water, required for neutralisation 3°41 c.c. of N/10-Na,CO,, 
using methyl-orange as indicator, whereas this amount of a mono- 
basic acid, C,,H,O,, should neutralise 3°41 c.c. 

The following experiment shows that the acetyl-y-acid is quan- 
titatively hydrolysed to acetic and phthalonic acids on boiling with 


* Anhydrous phthalonic acid (m. p. 146°) is obtained by dissolving the 
hydrated acid, C,H,(CO,H)-CO-CO,H,2H,0, in ether, leaving for some hours, 
or digesting, with anhydrous sodium sulphate, and then evaporating. 
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water. The substance, 0:2118 gram, was distilled in steam and the 
acetic acid in the distillate estimated with N/10-NaOH, using 
phenolphthalein as indicator, when 9:1 c.c. was required for neutral- 
jsation, whereas the calculated amount is 9:1 c.c. The residue 
in the distillation flask neutralised 18:2 c.c. of N/10-Na,CO,. 


Action of Aniline on the Anhydride of Phthalonie Acid. 


Aniline «-Anilino-«-hydroxyhomophthalanilate (compare Formula, 
p. 2096).—When phthalonic anhydride (3 grams) is warmed with 
benzene (5 c.c.) and aniline (13 c.c.), interaction takes place readily 
with rise of temperature and a viscous syrup separates, but, on 
standing and rubbing, this solidifies and the liquid becomes filled 
with crystals. These crystals were collected by the aid of the pump, 
washed with ether, and dried in a vacuum desiccator. The yield 
is nearly theoretical (Found: C=71'7; H=56; N=9°3. 
C,7H,;0,N; requires C = 71:2; H = 5:5; N = 9:2 per cent.). 

This substance melts at 115° and is soluble in benzene, chloroform, 
alcohol, or acetone, but, when the solutions are heated, rapid change 
occurs and colourless needles separate which melt at 176° and con- 
sist of phthalon-2-anilic acid (see below). The substance of melting 
point 115° dissolves readily in sodium carbonate solution with separa- 
tion of aniline and, on acidifying, the anilic acid (m. p. 176°) separates. 

Phthalon-2-anilic Acid (compare Formula, p.2097).—This substance 
is readily prepared by boiling the chloroform solution of the aniline 
derivative (m. p. 115°) just described. The needles which separate 
are collected, washed with ether, and recrystallised from methyl 
alcohol (Found: C=668; H=41; N=52. C,;H,,0,N 
requires C = 669; H=41; N=45°0 per cent.). Phthalon-2- 
anilic acid melts at 176°, dissolves readily in sodium carbonate 
solution, and is reprecipitated on acidifying with hydrochloric 
acid. The aniline salt is obtained when phthalon-anilic acid, 
dissolved in hot water, is mixed with aniline (3 c.c.) and separates in 
colourless crystals which, after being washed with water and 
crystallised from methyl alcohol, melt at 178° (Found: C = 69°6; 
H=50; N=73. (C,,H,,0,N, requires C= 696; H= 50; 
N = 7°7 per cent.). 

When phthalon-2-anilic acid was heated above its melting point 
in a sulphuric acid bath, the syrup gradually crystallised and on 
grinding with dilute sodium carbonate solution, about half dissolved. 
The alkaline solution, acidified with hydrochloric acid, deposited 
a colourless, crystalline substance, which separated from benzene 
in needles, melted at 158°, and consisted of phthalanilic acid. Zincke 
(Annalen, 1889, 255, 375) first obtained this substance by the partial 
hydrolysis of phthalanil and states that it melts at 158°. 
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Phthalondianilide (compare Formula, p. 2097).—This substance is 
obtained when phthalonic anhydride (1 gram) is heated with aniline 
(3 c.c.) in the steam-bath until solution takes place. The product 
is rubbed with ether, the crystals collected, washed with ether, 
and recrystallised from alcohol or benzene, from which the substance 
separates in needles melting at 206—208° (Found: C = 73-1; H = 
4-7; N=81. C,,H,,0O,N, requires C= 73:3; H=4:7; N= 
8-1 per cent.). 


4 : 5-Dimethoxy-o-tolylglyoxylic Acid (Formula, p. 2098). 


This acid, the preparation of which has already been described (T., 
1921, 119, 1735), is much more readily soluble in hot than in cold 
water, and melts, when rapidly heated, at about 155° with con- 
siderable previous softening as in the case of other glyoxylic acids. 

The Methyl Ester, (MeO),CgH,Me-CO-CO,Me.—The acid (1-6 
grams), methyl alcohol (15 c.c.), and concentrated sulphuric acid 
(1-5 ¢.c.) were digested on the water-bath for an hour and the clear 
solution was mixed with water, when an oil separated which was 
extracted with ether. The ethereal solution was well washed with 
water and then with aqueous sodium carbonate, which removed 
very little unchanged acid, and dried over calcium chloride. During 
the removal of the ether by distillation, the methyl ester began 
to separate in crystals and, on evaporating to dryness, a solid cake 
remained. ‘This methyl] ester is sparingly soluble in light petroleum 
and separates from a mixture of this solvent with benzene in striated 
prisms melting at 98—99° (Found: C = 60:8; H= 5-9. C,.H,,0; 
requires C = 60-5; H = 5-9 per cent.). 

The Phenylhydrazone, (MeO),Cg,H,Me-C(:N,H-C,H,)*CO,H.—The 
boiling aqueous solution of the glyoxylic acid yields, on the addition 
of phenylhydrazine, a syrup which gradually crystallises, and does 
so immediately on warming with methyl alcohol. This hydrazone 
is very sparingly soluble in boiling methyl alcohol and separates 
in groups of colourless prisms which shrink at 195° and melt at 196° 
with decomposition and evolution of gas (Found: N = 8-6, 
C,,H,,0,N, requires N = 8-9 per cent.). It gives, with excess 
of ammonia, a sparingly soluble ammonium salt which dissolves 
readily in hot water. 

Action of Semicarbazide on 4 : 5- Dimethoxy-o-tolylglyoxylic Acid.— 
When the suspension of this acid in a little water is warmed with 
a large excess of semicarbazide hydrochloride and sodium acetate, 
a clear solution results which, on standing, gradually deposits round, 
warty masses of the semicarbazide of the semicarbazone, 

(MeO),C,H,Me-C(-N-NH:-CO-NH,)-CO,H,NH,-NH:-CO-NH, 
(Found: C= 43:0; H=57; N = 23-0. C,sH ,0.N, requires 
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C= 43-8; H = 5-6; N = 23-6 per cent.). This curious substance 
melts at about 125° and is readily soluble in hot water. On mixing 
the hot aqueous solution with an equivalent amount of dimethoxy- 
o-tolylglyoxylic acid, the clear solution soon deposits a sandy mass 
of crystals of the normal semicarbazone, 
(MeO),C,H,Me-C(‘N-NH-CO-NH,)-CO,H, 

and the same substance is obtained when the aqueous solution 
of the acid is mixed with the theoretical amount of semicarbazide 
hydrochloride and sodium acetate (Found : N = 14:5. C,,.H,;0;N, 
requires N = 14-9 per cent.). 

This semicarbazone is sparingly soluble in hot water, from which 
it gradually separates as a hard crust. It softens at 215° and melts 
at about 220° with vigorous effervescence, due to evolution of carbon 
dioxide and ammonia. The yellow residue is very sparingly soluble 
in methyl] alcohol and crystallises in bright yellow spangles melting 
at 228° without decomposition. This change was not further studied. 

Attempts to prepare 4: 5-dimethoxy-o-tolualdehyde from the 
glyoxylic acid by decomposition with sodium hydrogen sulphite 
in the usual manner were unsuccessful. After the acid had been 
heated on the steam-bath with a large excess of the sulphite, there 
was little change, since almost all the acid was recovered on acidi- 
fying with hydrochloric acid. 


Action of Aniline on 4: 5-Dimethoxy-o-tolylglyoxylic Acid. 


When the ethereal solution of the glyoxylic acid is mixed with 
aniline, a mass of needles rapidly separates which melts at 117° 
after being washed with ether. The substance is the aniline salt 
of the acid, since, on dissolving in aqueous sodium carbonate, it 
yields aniline, and hydrochloric acid precipitates the original acid 
from the alkaline solution (Found: C = 64:2; H=6-0; N = 4-4. 
C,,H,,0;N requires C= 644; H=60; N=4-4 per cent.). 
This aniline salt (5 grams) dissolves readily in hot xylene (25 c.c.). 
On boiling the solution, carbon dioxide is eliminated and, after 
removal of the xylene by distillation under reduced pressure, a 
syrup remains which soon crystallises. This substance separates 
from light petroleum in colourless needles, melts at 97°, and 
is 4: 5-dimethoxy-o-tolylideneaniline, (MeO),CgH,Me-CH:N-C,H,; 
(Found: C=756; H=69. C,,H,,O,N requires C = 75:3; 
H = 6-6 per cent.). When this substance (5 grams) is heated on 
the steam-bath with water (25 c.c.) and concentrated hydrochloric 
acid (12 c.c.), a heavy syrup is formed which, on rubbing, gradually 
erystallises and the liquid becomes filled with a voluminous mass 
of yellow needles. After washing and drying, this curious substance 
crystallises from ethyl acetate in orange needles, and in yellow 
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needles from dilute hydrochloric acid. Analysis shows that it 
is the hydrochloride of 4 : 5-dimethoxy-o-tolylideneaniline of the com. 
position [(MeO),C,H,Me-CH:N-C,H,,HCl],,H,O (Found : C = 64-2, 
H=66; N=49; Cl=11-8. C,,H,,0;N,Cl, requires C = 63-9; 
H=63; N=4-7; Cl=11-8 per cent.). This hydrochloride 
shrinks at 160—162° and melts at about 192° with decomposition, 
It is remarkable that this tolylidene derivative may be boiled with 
concentrated hydrochloric acid without change and that, when the 
solution is diluted and excess of sodium acetate is added, dimethoxy- 
o-tolylideneaniline separates. Whilst it is therefore not possible, 
in this way, to hydrolyse the tolylidene derivative with separation 
of the sparingly soluble aldehyde, the latter may nevertheless be 
obtained in almost quantitative yield from the tolylidene derivative 
under the following interesting conditions (compare p. 2099). 

The tolylidene derivative (5 grams) is heated with water (25 c.c.) 
and concentrated hydrochloric acid (12 ¢.c.) for half an hour, and 
the solution diluted with an equal volume of water and repeatedly 
extracted with ether. During this operation some of the hydro- 
chloride separates at first, but this gradually disappears and the 
aldehyde passes into the ether. The ethereal solution is dried 
over calcium chloride, and the ether removed, when the residue 
solidifies and, after crystallisation from light petroleum, melts at 76° 
and consists of 4: 5-dimethoxy-o-tolualdehyde (Found: C = 66:8; 
H = 6-7. C, 9H,,0, requires C = 66-7; H = 6-7 per cent.). This 
aldehyde separates from water in slender needles. 

The oxime, described by Gattermann (Annalen, 1907, 357, 371) 
as melting at 124°, is readily prepared by boiling the aldehyde with 
sodium acetate and hydroxylamine hydrochloride in the usual 
manner, and it is remarkable that it is also produced when the 
hydrochloride of 4 : 5-dimethoxy-o-tolylideneaniline is boiled with 
hydroxylamine hydrochloride and sodium acetate. It may be 
crystallised from alcohol and then melts at 128°. 

The semicarbazone had already been prepared from the aldehyde 
by means of sodium acetate and semicarbazide hydrochloride (T., 
1906, 89, 128). It is also obtained when a concentrated solution 
of the hydrochloride of the tolylidene derivative is warmed on the 
steam-bath with semicarbazide hydrochloride and sodium acetate. 
The chalky precipitate is collected and recrystallised from alcohol, 
from which the semicarbazone separates in needles melting at 218°. 

8-4 : 5-Dimethoxy-o-tolylacrylic Acid, 

C,H,(OMe),Me-CH:CH-CO,H. 
—This acid is obtained when 4: 5-dimethoxy-o-tolualdehyde (3 
grams) is heated with acetic anhydride (11 grams) and anhydrous 
sodium acetate (3 grams) in a sealed tube at 180° for twelve hours. 
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The product is boiled with water and sodium carbonate, and the 
solution extracted with ether to remove dissolved aldehyde. On 
acidifying with hydrochloric acid, the new acid separates in a crystal- 
line condition and is purified by crystallisation from benzene (Found : 


ride | (= 646; H=6-4. C,,H,,0, requires C = 64-8; H = 6-3 percent.). 
‘lon, This acid melts at 117° and is sparingly soluble in boiling water, 
vith ff from which it separates as a crystalline powder consisting of thin 
the ff plates. It is readily soluble in glacial acetic acid and crystallises 


well from 40 per cent. acetic acid in glistening amine. The solution 
in aqueous sodium carbonate instantly decolorises permanganate 
at 0°, and, on boiling, the odour of 4 : 5-dimethoxy-o-tolualdehyde 
becomes perceptible. 
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ro- B CCOXXXIV.—Studies of Electrovalency. Part II. Co- 

“ ordinated Hydrogen. 

“ By Tuomas Martin Lowry and Henry BuRGEss. 

6° 1. Co-ordination of Hydrogen. 

8; The selection of hydrogen as a standard of valency is often 

- justified on the ground that this element ‘‘ possesses only one 
bond, and therefore is not capable of joining together other atoms.” 

1) The object of the present paper is to show that this idea is false 

h and to point out some applications of the theory that hydrogen, 

a like oxygen, is capable of forming co-ordination compounds. The 

“ real existence of this type of co-ordination can be proved both by 

: crystallographic and by chemical evidence and may therefore be 


regarded as an experimentally-established fact rather than as a 
plausible hypothesis. 

(a) Crystallographic Evidence—The X-ray analysis of ice has 
proved (i) that each atom of oxygen is surrounded symmetrically 
by four atoms of hydrogen, (ii) that each atom of hydrogen is placed 
symmetrically between two atoms of oxygen. This arrangement 
can be explained in terms of Werner’s theory of valency by assigning 
to each oxygen atom two principal and two subsidiary valencies ; 
but the further assumption must be made that each hydrogen atom 
also possesses a principal and a subsidiary valency. The distinction 
between these two types of valency cannot, however, be maintained 
in the light of the electronic theory of valency, and the simplest 
way of regarding the crystal structure of ice is to suppose (i) that a 
proton is attached to each of the four duplets of the octet of each 
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oxygen atom, (ii) that each proton is attached in this way simul. 
taneously to two oxygen atoms. Whatever theoretical views may 
be adopted, however, it is clear that the crystal of ice is held together 
just as much by the ability of hydrogen to link together two atoms 
of oxygen as by the ability of oxygen to link together four atoms 
of hydrogen. 

(b) Chemical Evidence-—The simplest chemical evidence for the 
enientination of hydrogen is to be found in potassium hydrofluoride, 


KHF, = ~K + HF,. A complex anion is here formed by the 
union rol two fluoride-ions and one hydrogen-ion. Since the fluoride. 
ions are both negatively charged, and each ion carries a complete 
octet of electrons, there can be no direct attraction between them. 
Since, however, both fluoride-ions have an attraction for the 
positively-charged hydrogen-ion, this may ~~. well act as a link 


between them as in the formula !F7H:F: or FHF, where the two 
fluorines are linked together by a hydrogen nucleus, in just the same 
way as the oxygen atoms in ice.* 


2. Applications to Homopolar Ions. 

(a) Anomalous Properties of Carboxylic Acids.—The idea that the 
anomalous optical and chemical properties of the carboxylic acids 
could be explained by means of subsidiary valencies was put forward 
in 1909 by Dr. Ida Smedley (T., 1909, 95, 218, 231), who suggested 
that whilst the oxygen in acetone possesses free residual affinities, 
the residual affinities of the two oxygen atoms in the carboxylic acids 
neutralise one another. Hantzsch in 1917 (Ber., 1917, 50, 1422), 
following up Werner’s view that the oxy-acids and their salts should 
be formulated as co-ordination compounds, made the further 
suggestion that the carboxylic acids may actually exist in two forms, 
an unsymmetrical and non-ionisable form, R°CO-OH, from which 
the esters are derived, and a symmetrical co-ordinated and ionisable 


form, RC<|H, from which the salts are derived. The polar 


formula say assigned to acetic acid (this vol., p. 822) shows 
four electrically-charged atoms in a closed circuit like a ring 


+ Or 
magnet, CHYCC- YH. The peculiarities of the carboxylic acids 


are here ascribed, not to the direct interaction of two oxygens as 


* Latimer and Rodebush (J. Amer. Chem. Soc., 1920, 42, 1431) have given a 
similar explanation of the association of liquid water; the same idea is also 
developed under the heading of “ Bivalent Hydrogen,” by G. N. Lewis in a 
forthcoming book on ‘‘ Valency,”’ of which he has very kindly allowed me to 
see the proofs.—T.M.L. 17/8/23. 
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Dr. Smedley supposed, but to the co-ordination of both oxygens 
with hydrogen, as suggested by Hantzsch. Whereas, however, 
poth Werner and Hantzsch place the hydrogen atoms of the oxy- 
acids outside the sphere of co-ordination, the chief object of the 
present paper is to develop the idea that the hydrogen itself can 
form a co-ordinated complex, and may act like a metal in pro- 
viding a link for binding together atoms of other elements. 

(b) Ring Formation—Tschugaev directed attention in 1907 
(J. pr. Chem., 1907, [ii], 75, 153) to the importance of ring-formation 
in stabilising co-ordination compounds, and to the fact that the 
ordinary laws of ring formation apply also in these less familiar 
cases. ‘This factor is of special importance in the case of hydrogen, 
where other factors favouring co-ordination are weak. The co- 
ordination formula for oxalic acid is therefore shown as containing 
a five-atom ring-system as in I rather than a four-atom ring-system 
as in IT. 7 

+ O—C—O. + + Ot +0. + 
(I.) H<) p> H<O>c—C<0>H (II.) 
— + _— ag a x 
Moreover, since Morgan and Smith (T., 1922, 121, 1956) have shown 
that a hydrogen-ion and a molecule of water are often mutually 
replaceable in co-ordination complexes, it is reasonable to suppose 
that the dihydrates of sulphuric acid and of oxalic acid may be 
represented as III and IV, where the water molecules form con- 
jugated rings containing six atoms. ° 
-O.. 
+H” “H+ 


Oz 
‘H+ (IV.) 


“O. 4 
< NOY 
Cy 
No” i 


+H 

hs 

+H. H+ 
0° 


The competition between hydrogen nuclei and water molecules 
for the negative poles of the anion, which is indicated by these 
formulz, is obviously important in connexion with the study of the 
strength of acids, and throws some light on the fact that strong 
acids generally have a strong affinity for water. 


3. Application to Heteropolar Ions. 
The preceding paragraph deals with homopolar anions in which 
all the negative poles are identical, for example, the two oxygens of 
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acetic acid or the four oxygens of sulphuric or of oxalic acid, 
Heteropolar ions, in which the various poles are dissimilar, differ 
from these in that the ions are tautomeric, that is, they can he 
formulated in two (or more) ways, corresponding with the fact that 
they can yield two (or more) types of derivatives by the attachment 
of hydrogen or an alkyl group to the different poles. In a recent 
paper (this vol., p. 822), I have pointed out that multipolar ions 
often give co-ordination compounds, since a metallic ion can 
attach itself simultaneously to two poles even when the ion is 
only univalent. The further suggestion is now made that multi- 
polar ions can give co-ordination compounds also with hydrogen. 
This explains the fact, of which some typical illustrations are dis- 
cussed under (a) and (b) below, that heteropolar ions containing 
three dissimilar negative poles usually give only two hydrides, 
although at least three are theoretically possible. 

(a) Ethyl Acetoacetate——According to the ordinary conventions, 
this ester should exist in three forms, namely, a ketone and two 
isomeric enols, I and II. 

CH,°C(OH):CH:CO-OEt == CH,°CO-CH,°CO-OEt == 
Enol I. Ketone. 
CH,°CO-CH:C(OH)-OEt. 
Enol II. 

On aseptic distillation, however, the ester behaves as a binary 
rather than as a ternary mixture, in spite of the fact that the enols 
might be expected to be more nearly equal in stability than the 
enolic and ketonic form. The failure to detect a second enol is 
more remarkable when polar formule are used, since it then appears 
that the tripolar anion (III) can attract a hydrogen nucleus to the 
positions 1 and 3, but is unable to attract it to the position 5. A 
simple interpretation of the facts is, however, available if it be 
supposed that the hydrogen nucleus may either (i) settle down on 
the carbon atom 3, giving rise to the ketone IV or (ii) be co-ordinated 
with both the oxygen poles 1 and 5, giving rise to the co-ordinated 
enol V. 


di ~*~ 

C—O “Sc—o C—O 

CH, (3)HO,+ - HOZ+ -+H 
6-0 c— SiO" 

Eto” Et0” ~~ Eto” 

(IV.) Ketone. (III.) Ion. (V.) Co-ordinated enol. 


The question has often been asked, ‘‘ What are the conditions 
that give rise to enolisation of ketones?’ Thiele (Annalen, 1899, 
306, 87) suggested that conjugation is the principal factor; but the 
additional suggestion can now be made that the most stable enolic 
compounds are co-ordinated as well as conjugated. Under these 


Cy 
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conditions, not only the ions, but the two enols themselves, may be 
regarded as tautomeric, since, although they are usually written in 
two different ways, they are in fact ‘‘ not isomeric, but identical.” 
This does not mean that the existence of the unco-ordinated enols 
is impossible, but rather that, when the conditions are such 
as to favour co-ordination, the difficulty of isolating them would 
be so great as to make the task a hopeless one, in view of the readi- 
ness with which both enols would pass into the more stable co- 
ordinated form. 

(b) Nitrocamphor and Benzoyleamphor—Confirmation of the 
view that tripolar ions usually yield only two out of three possible 
hydrides is afforded by the study of solid ketones such as nitro- 
camphor and benzoyleamphor, each of which is theoretically capable 
of existing in at least three isomeric forms as follows : 


C-NO . CH-NO, C:NO-0OH 
CHa, ot = C.Hy< C.Hy< &o 
Enol A. Ketone. Enol B. 
ora 
C-CO-C,H CH-CO-C,H ate CC 5 


Enol A. Ketone. Enol B. 


Evidence that the dynamic isomerism of these compounds is 
dominated by only two forms, out of three or more which are possible, 
is given in the experimental section below. 

It is therefore suggested that the ions VI and X each yield only 
two isomeric hydrides, namely, (i) the ketones VII and XI, by the 
attachment of a proton to the carbon pole at the centre of the 
conjugated system, and (ii) the co-ordinated enols VIII and XIU, 
by the attachment of a proton simultaneously to both of the 
terminal oxygen poles, exactly as in the case of ethyl acetoacetate. 


aa O + ~O 
O NY "dl 
CH-NC _ /®, A, 
CHC | + No OH C- * -O OH t -O 
C O 8 "Abe as 8 Ne i +n 
O 
(VII.) (VI.) Ion. (VIII.) Co-ordinated enol 
CoH; CoH; CoH 
CH-C—O C 
CH. | + - WS sor 
atha\ C-  -O /C- O 
in CHK | CHC! | 
a Ce +H 
O Ov 
(XI.) Ketone. (X.) Ion. (XII.) Co-ordinated enol. 
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(c) The various formule that have been suggested for the much- 
discussed ester of Goss, Ingold, and Thorpe (this vol., p. 327) can 
all be summarised by formulating the ester as a dihydride of the 
quinquepolar ion XIII. 


OEt 
(2) 06 Eto. /CH-CO-OEt 
iy Me * OD JE 
(1)H,C—C@ - : of - a 
XIII. ee XIV, 
_— 2672) O- -CH, res 
g er 
‘OEt H 


Since it is assumed that the hydrogen in the “ normal ”’ form is 
not specifically attached to any one atom of carbon or oxygen, the 
positions assigned to the two hydrogen atoms by the authors are 
as follows : 

Enolic form = 1:3. Ketonic form =1:2. Normal form = 
1:0. Perkin’s formula represents the normal form as 2: 2’. 

The co-ordination of hydrogen leads, as usual, to no alteration 
in the method of representing the ketonic form of the ester; but 
there is no obvious reason why, in the enolic form, the mobile atom 
of hydrogen should not be attached simultaneously to the two 
oxygen poles 3 and 3’, or even to the four negative poles 2, 2’, 3, and 
3’. There is, however, a very grave objection to the view that the 
most stable form of the ester is one in which the hydrogen atom is 
not specifically attached to other atoms, since if this were correct 
this phenomenon should be of very widespread occurrence in 
organic chemistry instead of being so rare as to have escaped 
detection until comparatively recent years. A much more plausible 
view is that the hydrogen in this form of the ester is held with 
crab-like firmness (Morgan, T., 1920, 117, 1457, footnote) as part 
of a co-ordinated complex, in which it is gripped, not by one other 
atom, but by at least two. The stability of the compound suggests 
that all the factors favouring co-ordination must be called into 
play, for example, conjugation and co-ordination, as well as the 
formation of a stable ring-system of five or six atoms. A formula in 
which all these factors are shown can be obtained, as in XIV, by 
attaching one hydrogei. atom to the carbon pole at 2’, whilst the 
other is co-ordinated (just as in the three compounds discussed 
above) with the carbon pole 1 as well as with the oxygen pole 3. 
The fact that evidence derived from the formation of lactones points 
to one formula for the normal form of the ester, whilst the evidence 
from the action of ozone points to another, may be explained on 
the ground that when the ring is split the co-ordinated hydrogen 
may remain attached either to carbon or to oxygen. In any case, 
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the difficulty of finding conclusive evidence as to the structure of 
this ester recalls Forster’s experience in the case of benzoylcamphor, 
and may be due to a similar cause, namely, the unsuspected co- 
ordination of a hydrogen atom, which causes it to act as if it occupied 
two different positions in the molecule. 

(d) Unsaturated Acids.—The question has been asked frequently, 
“What explanation can be given of the equilibrium of af- and 
$y-unsaturated acids?’’ The most interesting case is that of the 
hydrocinnamylidene-acetic and -malonic acids studied by Riiber 
(Ber., 1905, 38, 2742), where isomeric change proceeds in one 
direction in the malonic acid (i), and in the reverse direction (ii) 
when this is converted into the corresponding acetic acid. Under 
the influence of hot caustic soda the double bond in the last acid 
moves back (apparently reversibly) as in (iii) to the «$-position 
(Fittig, Annalen, 1894, 283, 47, etc.), although some of the yé-acid 
is also formed, in which the double bond is conjugated with the 
aromatic nucleus. 

(i) CgH,;-CH,-CH:CH-CH(CO,H), > C,H,*CH,°CH,-CH:C(CO,H), 
(ii) > C,H ,CH,-CH°CH-CH,°CO,H or C,H,*CH,°CH:CH-CH:C(OH), 

(iii) —= C,H,-CH,°CH,°CH:CH-CO,H and 
C,H,;-CH:CH-CH,°CH,°CO,H. 


These changes can be explained in part by Thiele’s theory of 
conjugation, on the ground that the «$-acid is conjugated in the 
“ketonic,” and the @y-acid in the “ enolic ’ form; but this explana- 
tion appears inadequate in view of the extremely slight tendency 
to enolisation of the carboxylic acids. The theory of co-ordinated 
hydrogen provides a more powerful motive for the change, since the 
enolic form (IX) can be represented as being not merely conjugated, 
but also co-ordinated, and containing a pseudo-aromatic six-atom 
ring, just as in the four preceding cases. A similar formula (X) 
may be assigned to the enolic form of itaconic acid. 


H H 
fo for 
_ HOt ~ 3C-0H HO-CO-C4 ~ 3C-OH _ 
(TX.) | | | | (X.) 
HC- -O H,C- + -—O 


C,H;°CH, 

Since there is no reason to suppose that any of these acids are 
stable in the enolic form, the formulz [X and X should be regarded 
as intermediate stages in the isomeric change. The fact that these 
changes are promoted by strong sodium hydroxide solution, whereas 
isomeric change in unsaturated hydrocarbons such as the iso- 


2118 LOWRY AND BURGESS: STUDIES OF ELECTROVALENCY. 


butylenes requires the use of concentrated sulphuric acid (Butlerow, 
Annalen, 1877, 189, 44) finds an explanation in the mechanism 
suggested above, since the alkali would tend to stabilise the co. 
ordinated complex. The different mechanism of isomeric change 
which is rendered possible by the carboxylic group may also 
account for the much greater ease with which isomeric change takes 
place in the unsaturated fatty acids as compared with the unsaturated 


hydrocarbons. 

(e) T'artaric Acid.—In the Bakerian Lecture of 1922 (Lowry and 
Austin, Phil. Trans., 1922, [A], 222, 249) the anomalous rotatory 
dispersion of tartaric acid and its derivatives was attributed to the 
existence of two dissimilar forms of the acid. After ten years’ 
search, the co-ordination of hydrogen has at last provided a satis. 
factory formula for the elusive labile form of the acid, which may 
now be written as XV, whilst the co-ordinated form of the ethyl 
ester is shown in XVI. ‘These formule are supported by a con- 
siderable amount of new experimental evidence, which will be 
published shortly. 


OH OEt 
-O. H AC -O. H/C 
Hy =\G/ +o Hi =-\No7+ 
(XV.) | | ? (XVI.) 
Oz Se Or + ,C. —~ +H 
\G/HNO : \G/HNO 
HO Et 


4. Steric Hindrance. 


Many of the phenomena on which the conception of steric 
hindrance has been based find a simple explanation in the present 
extension of the theory of co-ordination, for example, (i) the absence 
of free rotation about a single bond in tartaric acid, in the diphenic 
acids, and in some compounds of the sugar group, (ii) the abnormal 
physical properties of ortho-derivatives of benzene, (iii) the abnormal 
ionisation of many organic acids, both of the fatty and aromatic 
series, for example, 2 : 6-dihydroxybenzoic acid. Although a full 
discussion of these phenomena is not possible in the present paper, 
it is clear that formule based on the co-ordination of hydrogen must 
be taken into account in future discussions of the subject. 


EXPERIMENTAL. * 


The experimental evidence, that the dynamic isomerism of 
a-benzoyleamphor and of z-bromonitrocamphor is dominated by 


* This section was rewritten and new experimental data added July 25th, 
1923. 
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wo isomerides only, may be set out under three headings as 
follows : 

5. Crystallisation. 

(a) When z-bromonitrocamphor is dissolved in chloroform, it 
undergoes isomeric change so slowly that the equilibrium mixture 
can be crystallised out almost as if the isomerism were static instead 
ofdynamic. Two kinds of crystals can then be picked out, separated, 
and measured (Lapworth and Kipping, T., 1896, 69, 304); but a 
repetition of this operation, in order to secure samples of the two 
isomerides for experiments on mutarotation, did not disclose any 
third form of crystal, although the two dominant forms were easily 
picked out. 

(b) In the case of benzoyleamphor also, two isomeric forms, a 
ketone and an enol, have been submitted to a complete crystallo- 
graphic examination (Forster, T., 1901, 79, 991), but without the 
discovery of any third form. Even more important is the fact that 
Vixseboxse (Diss., Amsterdam, 1920; Rec. trav. chim., 1921, 40, 1; 
compare Smits, “ Allotropy,” 1922, p. 186) has plotted a complete 
pseudo-binary equilibrium diagram for this compound without 
encountering any of the complications that would arise from the 
presence of a third form in the equilibrium mixture. Recent 
experiments in this laboratory, with a view to the preparation of 
materials for experiments on mutarotation, have also given no 
evidence of complications arising from the presence of a second form 
of the enol; the only important complication is due to the ready 
conversion of the material into a purple decomposition product, the 


‘formation of which is unfortunately non-reversible, since it cannot 


be got rid of by the simple process of evaporating the solution to 
dryness and thus converting the equilibrium mixture into the least 
soluble of the dynamic isomerides. 


6. Mutarotation. 

The logarithmic law of mutarotation (Brit. Assoc. Rep., 1904, 
198) has been verified in the case of 7z-bromonitrocamphor (T., 
1899, 75, 211), although the two forms did not converge towards 
the final equilibrium at the same rate in two independent experi- 
ments. In the case of benzoyleamphor, Forster’s mutarotation 
curves (T., 1901, 78, 999), although of similar form, showed a still 
larger discrepancy in the velocity of convergence towards a final 
value. This discrepancy is easily explained, since the mutarotation 
of benzoyleamphor, like that of nitrocamphor, appears not to be 
spontaneous, but to depend on the presence of a catalyst. Under 
normal conditions, the catalyst is probably benzoic acid, formed by 
hydrolysis in presence of a trace of moisture, and particularly under 
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the influence of light (Lowry and Courtman, T., 1913, 103, 1214), 
This hydrolysis appears to be autocatalytic, and to take place 
more rapidly in the case of the enol than in the case of the ketone,* 
It was therefore not practicable to control the catalysis completely, 
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either in neutral solutions, or in solvents containing added benzoic 
acid, and satisfactory results could only be obtained by employing 
an alkaline catalyst. 


* Thus two samples with equal initial velocities showed a six-fold increase 
in the case of the enol as compared with a two-fold increase in the case of 
the ketone. 
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In Forster’s experiments, chloroform containing 0°05 per cent. of 
piperidine was used as solvent ; but this solvent is now known to give 
rise to complications, as a result of the formation, by oxidation of 
the chloroform, of carbonyl chloride (Lowry and Magson, T., 1908, 
93, 119) which eliminates the catalyst in the form of a carbamide. 
That something of this sort actually occurred in Forster's experi- 
ments is very probable in view of the relatively low velocity of 
change which he observed. In our experiments, 0°01 per cent. of 
piperidine was found to be sufficient to bring about a very rapid 
mutarotation in chloroform, whilst in benzene 0°005 per cent. of the 
catalyst produced an even more rapid change. The results are set 
out in Tables I and II and are shown graphically in Fig. 1. 

The observed rotations were one-tenth of the specific rotations 
shown in the tables, where 0°1° represents 0°01° in the original 
readings. 

In considering these results, it would be of no value to compare 
the velocity constants with those which may be obtained with more 
stable materials. In the present case, reasonable constancy can 
only be obtained by adding sufficient piperidine to drown the effects 
of casually-formed catalysts, such as benzoic acid, whilst avoiding 
the use of so large a quantity as to make the mutarotation too rapid 
for accurate observation. A more just comparison is obtained by 
contrasting the behaviour of benzoylcamphor with that of the closely- 
related amide and piperidide of camphorcarboxylic acid, which 
differ from benzoyleamphor only in containing the groups -CO-NH, 
and -CO-NC;H,) instead of -CO-C,H,;.* In the first compound, 
many opportunities for the formation of new isomerides exist, 
which do not occur in the second, where the tertiary nitrogen does 
not carry a directly-attached hydrogen atom. Even here, however, 
the possibility of transferring a mobile hydrogen atom from carbon 
to nitrogen (and conversely) instead of to oxygen only, is sufficient 
to produce a series of most striking anomalies in the mutarotation 
curves (Lowry and Glover, T., 1913, 103, 913). In particular, the 
mutarotation curves of this substance exhibit the periods of 
induction and points of inflexion which are amongst the most con- 
spicuous evidences of actions depending on a series of successive 
unimolecular changes (Lowry and John, T., 1910, 79, 2634). The 
absence of any such features in the case of the closely-related 
benzoylceamphor may therefore be regarded not as a mere accident, 
but as definite evidence in favour of the view that the dynamic 
isomerism is dominated by two only of the many possible forms 


* The last two compounds, in addition to having similar formule, exhibit 
important morphotropic relationships (Glover and Lowry, T., 1912, 101, 
1902). 
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Mutarotion of Benzoyleamphor at 20° (in chloroform containing 
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TABLE I. 


0°01 per cent. of piperidine). 


(6) Ketonic form. 


(a) Enolic form. 


Time 
(minutes). 


Mutarotation of Benzoyleamphor at 20° (in benzene containing 


ki+ks | Time ky +k, 

(a ]saea- € (minutes). [t]sa61- € 
339-4° 162-2° 
328-7 4 171-9 
320-6 (0-074) 6 180-9 0-048 
314-7 (0-068) 8 189-4 0-049 
309-7 0-065 12 206-1 0-053 
305-9 0-061 16 218-0 0-052 
302-5 0-059 20 227-5 0-052 
299-5 0-057 24 235-7 0-052 
294-4 0-055 28 241-9 0-052 
290-4 0-053 30 244-6 0-052 
287-5 0-050 33 248-2 0-051 
286:1 0-050 36 251-2 0-051 
282-6 0-048 40 254-7 0-051 
280-7 0-047 44 257-4 0-051 
279-2 0-046 48 2596 0-050 
278-0 0-045 52 261-3 0-050 
276-7 0-045 60 263-9 0-049 
274-2 0-047 97 268-5 
270-9 120 268-9 
270-1 197 269-0 
270-0 420 269-7 

Mean 0-052 Mean 0-051 

TaBLe II. 


0005 per cent. of piperidine). 
(6) Ketonic form. 


(a) Enolic form. 


Time 
(minutes). 


32 


Final value 257-1 


[@]5a61- € 
270-1° 
267-0 
264-7 0-137 
262-8 0-139 
261-6 0-133 
260-7 0-127 
260-0 0-121 
259-4 0-122 
258-8 0-116 
258-6 0-121 
258-4 0-111 
257-9 0-123 
257-6 0-131 
257-6 0-124 
257-5 0-119 
257-3 0-131 
Mean 0-126 


Time ki +h, 
(minutes). [a]sa62- € 

2 91-1° 

4 111-6 

6 134-4 

8 155-0 0-093 
10 172-3 0-093 
12 188-3 0-097 
14 201-3 0-100 
16 211-8 0-101 
18 220-8 0-103 
20 227-7 0-104 
22 234-0 0-106 
24 238-5 0-107 
26 242-5 0-109 
28 245-5 0-110 
30 247-6 0-110 
32 249-3 0-110 
34 250-6 0-109 
36 251-8 0-110 
38 252-7 0-110 
40 253-4 0-109 
46 254-5 0-111 


Final value 256-3 


Mean 0-105 


ining 
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ofthe compound. At the same time, it must be recognised that the 
complete absence of a third form cannot be inferred directly from 
the unimolecular character of a series of mutarotation curves. 
Thus, if the third form were only a minor constituent, or if it had 
the same rotatory power as the equilibrium mixture of the other 
two forms, its presence might be masked completely. This masking 
of a third form is, however, much less likely to occur in the camphor 
gries, Where even the rotatory dispersions are often anomalous, 
than in the sugar series, where simple numerical relationships 
between optical rotatory powers are the rule rather than the excep- 
tion (Tanret, Compt. rend., 1901, 132, 487; Maltby, T., 1922, 121, 
2608; this vol., p. 1404), whilst simple rotatory dispersion may be 
observed even in compounds containing five asymmetric atoms 
(Lowry and Abram, T'rans. Faraday Soc., 1914, 10, 106). 


7. Chemical Evidence. 

The prediction made in the first paper of this series, that com- 
pounds which have been studied as examples of dynamic isomerism 
should afford excellent material for the preparation of co-ordinated 
derivatives, has been fully verified in the case of benzoyleamphor. 
The metallic’ derivatives already prepared include the lithium, 
glucinum, aluminium, manganese, iron, cobalt, and copper com- 
pounds; these are all obviously co-ordinated, whilst the sodium 
compound behaves more like a metallic salt. Detailed descriptions 
and analyses of these co-ordinated derivatives of benzoyleamphor 
will form the subject of a later paper; but the further suggestion 
of the present paper, that the enolic compound may itself be co- 
ordinated, already receives experimental support from the fact that, 
after a laborious attempt to determine which of the two possible 
enols he was dealing with, Forster (T., 1903, 83, 89) was unable to 
discriminate clearly between them. This result would receive a 
natural explanation if the two enols are, in fact, both co-ordinated 
and therefore identical, although this would not preclude the possi- 
bility that the co-ordinated ring might break preferentially in one 
way, and so yield predominantly derivatives of one enol only. 


8 Summary. 
(a) The co-ordination of hydrogen is proved by the X-ray 


analysis of ice, and by the existence of the complex ion FHF, where 
two fluorine-ions are held together by their mutual attraction for a 
hydrogen-ion. 

(b) The co-ordination of hydrogen-ions with the homopolar ions 
of oxy-acids explains many of the anomalous properties of these 
acids. Molecules of water may also be co-ordinated with these 
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ions; their competition with protons may be an important factor in 
determining the strength of acids. 

(c) The co-ordination of hydrogen with heteropolar ions gives 
rise to tautomeric enols which are “ not isomeric but identical.” 
In this way an explanation is given of the fact that only two of three 
or more possible forms of ethyl acetoacetate, nitrocamphor, or 
benzoyl-camphor are known. 

(d) The co-ordination of hydrogen provides an alternative 
explanation of many phenomena that have been ascribed hitherto 
to steric hindrance. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, May Ist, 1923.] 


CCXXXV.—The Diffusion of Oxygen through Silver. 
By Leo SPENCER. 


Troost (Compt. rend., 1884, 98, 1427) found that, at 778°, oxygen 
and air diffused through two silver tubes of different thicknesses, 
the rates, in c.c. per sq. metre per hour, being 1700 and 890, respec- 
tively, through the thicker tube, and 3330 and 1640 through the 
thinner. Sieverts (Z. physikal. Chem., 1905, 50, 198) reports that 
hydrogen, oxygen, and nitrogen do not diffuse through silver at 
640°. Nernst and von Wartenburg, in their researches on the 
dissociation of water vapour, found that, after a few hours’ heating 
at 800°, a silver tube became porous, at room temperature, to all 
gases; and this they attributed to oxygen diffusing through and 
breaking up the structure of the metal. 

In view of the indefinite state of our knowledge it was decided 
to reinvestigate the subject. The present paper contains an account 
of the preliminary work. The experiments have, however, been 
unavoidably interrupted. 

The apparatus (Fig. 1) employed in the experiments consisted 
of a silver tube, 500 mm. long, 3°6 mm. in external diameter, and 
0°3 mm. thick, closed at one end and wound into a spiral 13:2 mm. 
in external diameter, with each coil almost touching the next. 
The length of the finished spiral was about 70 mm. The open end 
of the spiral was welded to a thick capillary tube of silver 40 cm. 
long, 3°0 mm. in external and 0°5 mm. in internal diameter. A 
silica thermo-couple tube, 6 mm. in diameter, situated along the 
central axis of the spiral and projecting on either side, enabled the 
temperature gradients to be determined; the highest and the 
lowest temperature of the spiral were within 5° to 6° of the mean 
temperature. 
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The coil was heated in a glazed porcelain tube and, to avoid any 
possible contamination, was so mounted that it touched nothing 
put silver, being held by three silver rods riveted to two silver 
disks. For the same reason, the silica tube of the thermo-couple 
was wrapped in silver foil. 

The porcelain tube passed through an outer fireclay tube, electric- 
ally heated; by varying the resistance, the temperature of the coil 
could be kept steady to 1—2°. 

Two rubber stoppers closed the porcelain tube. Through one 
passed the thermocouple and a glass tube connected to an open 
mercury gauge. This allowed the porcelain tube to be filled with 
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oxygen or other gas at known pressures. Through the other passed 
the capillary of the silver spiral, which was connected to a gauge 
containing olive oil and further on to an open mercury gauge. 
By means of the connexions shown in the sketch, both the silver 
spiral and the porcelain tube were connected to the Topler pump. 

The apparatus was designed so as to be as sensitive as possible. 
The area of the silver tube was large (50°0 sq. cm.). The volume of 
the spiral and of the connecting tubes was made as small as possible 
(10'l c.c.). The gauge contained a liquid of low density (0°93), 
and the level was read by means of a telescope enabling a change 
of 0°01 mm. to be detected. 

For the purpose of making a measurement, the porcelain tube 
was filled with gas at the required pressure, the temperature regu- 
lated, and the spiral kept evacuated. When it was considered that 
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equilibrium conditions had set in, the tap on the oil gauge was 
closed and the rate of rise of pressure observed by means of the 
telescope. 

At room temperature, the silver spiral was gas-tight, but at a 
sufficiently high temperature and pressure, gas was observed to 
pass through it. The rate of diffusion was very slow and the amount 
of gas passing through very small, but the following experiments 
showed that diffusion of oxygen was really occurring. (1) In the 
case of air, the gas that diffused through was almost pure oxygen, 
the percentage of this gas being 90 at 337°, 95 at 400°, and 97 at 
500°. (2) When the oxygen or air was displaced by hydrogen or 
carbon dioxide, diffusion stopped. (3) When the hydrogen or 
carbon dioxide was again displaced by oxygen or air, diffusion 
recommenced. 

Estimations of the rate of diffusion were made; but it has since 
been surmised that the olive oil in the gauge dissolved a certain 
amount of gas and therefore the values given below cannot be 
regarded as trustworthy. The total amount of gas entering the 
whole spiral at an average rate during one hour was only 0°07 c.c. 
Unfortunately, it has not been possible to repeat the experiments 
with another liquid in the gauge. 

After the pressure had risen somewhat, in order to set the gauge 
back to zero the tap had to be opened and then closed again. After 
this, at the commencement, a higher rate of diffusion was usually 
observed, due probably to the gas dissolving in the oil. It was 
overcome by making all the measurements over a small range of 
pressures. Concordant results were obtained when measurements 
were made over the range of pressure 0°53—0°66 mm. of mercury. 

The effect of temperature on the rate of diffusion is shown by 
the values given in Table I. 


TaBLeE I. 
Air at 760 mm. 
Rate of diffusion Rate of diffusion 
in ¢.c. per sq. cm. in. c.c, per sq. cm. 
Temperature. per second x 10’. Temperature. per second x 10’. 
292° 0-05 400° 2-0 
315 0-13 450 5-3 
348 0-59 483 9-6 
379 1-2 503 15-2 


These rates are very slow; the average is 4°3 x 10°’ c.c. per sq. 
em. per second, which is a hundred times smaller than the slowest 
rate measured by Richardson, Nichol, and Parnell in their researches 
on the diffusion of hydrogen through platinum (Phil. Mag., 1904, 
[vi], 8, 1). 


mn 
om. 
0°. 


r sq. 
west 
ches 
904, 


SPENCER : THE DIFFUSION OF OXYGEN THROUGH SILVER. 2127 


The results obtained for air and for oxygen at different pressures 
at 400° are given in Table II (P = pressure in mm. of mercury, 
and « = rate of diffusion in c.c. per sq. cm. per second). 


TaB_e II. 
P. x x 10’. F. x X 10°. P. xz xX 10’. 

Air at 400°. 
760 2-13 42] 1-32 221 0-84 
758 1-94 379 1-36 198 0-70 
740 1-85 370 1-16 154 0-56 
650 1-83 357 1-12 113 0-35 
632 1-76 349 1-14 103 0-35 
595 1-59 300 0-94 77 0-18 
495 1-55 252 0-86 43 0-04 
436 1-28 230 0-84 

Oxygen at 400°. 

785 4-58 157 1-58 67 0-82 
776 4-32 152 1-58 57 0-46 
630 4-23 127 1-45 51 0-61 
430 3-00 104 1-20 47 0-61 
275 2-45 85 1-10 29 0-27 
189 1-90 85 0-95 20 0-15 
171 1-80 73 0-81 19 0-17 


It will be seen that the rate of diffusion with air is slower, at a 
given pressure, than the rate with oxygen, the difference increasing 
with increasing pressure. If the rates of diffusion are plotted 
against pressure, it will be found that the two curves (starting at 
P = 10 mm. for oxygen and at P = 45 mm. for air) are parabolic 
they are, in fact, well represented by the equations x + 6°6 x 10% = 
095 x 108 4/P for air and x + 66 x 10% = 1°85 x 10% 4/P 
for oxygen. The axes of the parabolas lie below the pressure axis, 
(abscissa), but parallel to it. 

If it can be assumed that, between the pressures 0°53 mm. and 
0°66 mm. of mercury, the oil in the gauge absorbs gas at the rate of 
66 x 10°° x 50 c.c. per second (50 sq. cm. being the area of the 
silver spiral), then, this correction having been applied, the curves 
would pass through the origin and would show definitely that the 
rate of diffusion is proportional to the square root of the pressure. 
In experiments carried out at other temperatures, however, a 
different rate of absorption has to be assumed and therefore the 
explanation is not wholly satisfactory. 

The results obtained at other temperatures are of the same char- 
acter as those already given, so only the equations need be recorded. 
These are x -+ 85 X 10° = 2:25 x 10°%4/P for air at 450°; 
«+158 x 10-77 = 4:08 x 10% 4/P for air at 483°; and 2+ 
2°57 x 10-7 = 6°62 x 10° 4/P for air at 503°. The correctness 
of all these equations (including the 400° results) was proved by 
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plotting the experimental values of the rates of diffusion against 
the square roots of the pressures, when straight lines were obtained, 

The values obtained by Troost (loc. cit.) agree with those calculated 
on the assumption that the rate of diffusion is strictly proportional 
to the square root of the pressure of the oxygen. 

The evidence as it stands seems to indicate that the rate of 
diffusion is proportional to the square root of the pressure and, 
consequently, that the oxygen in the silver is in the atomic, not 
molecular form. This deduction is interesting in view of the results 
of Sieverts and Hagenacker (Z. physikal. Chem., 1909, 68, 115) 
and of Donnan and Shaw (J. Soc. Chem. Ind., 1910, 29, 987), who 
found that the solubility of oxygen in molten silver also obeys the 
same law. It is further interesting that the rate of diffusion of 
hydrogen through hot platinum was shown by Richardson, Nichol, 
and Parnell (loc. cit.) also to be proportional to the square root of 
the pressure. The theoretical significance of this law, with regard 
to silver, is discussed in the paper by Donnan and Shaw just 
mentioned. 

Summary. 


(1) An apparatus to demonstrate the diffusion of oxygen 
through silver is described. 

(2) The rates of diffusion are very small. 

(3) The quantitative measurements, so far as they are trust- 
worthy, indicate that the rate of diffusion of oxygen is proportional 
to.the square root of the pressure. 

(4) In the case of air, the diffusion is preferential, the nitrogen 
being held back. 


** KINGSWOOD,” VANGE, EsSsEx. [Received, June 22nd, 1923.) 


CCOXXXVI.—The Properties of Ammonium Nitrate. 
Part VI. The Reciprocal Salt Pair Ammonium 
Nitrate and Potassium Sulphate. 


By Epcar Puitir PerMAN and WittiaM Joun Howe tts. 


In Part V, a system-was described containing one set of mixed 
crystals (ammonium nitrate and potassium nitrate). The system 
now under consideration is much more complex; three sets of 
‘mixed crystals have been proved ‘to exist, namely, ammonium 
nitrate and potassium nitrate, ammonium nitrate and ammonium 
sulphate, animonium sulphate and ‘potassium sulphate. It would 
appear, therefore, that the four sailts.are more or less isomorphous, 
of at Jeast capable ef forming mixed crystals with each other, so 
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that there is the possibility of the formation of six pairs of mixed 
crystals and also of more complex combinations. A _ special 
difficulty encountered in this system was the slight solubility 
of the sulphates in fused ammonium nitrate. It was often neces- 
sary to heat for many hours in an oil-bath at about 170° before a 
clear solution could be obtained. The range of the experiments is 
therefore comparatively small. 

Binary Systems.—Three binary systems have been investigated : 


(1) Ammonium nitrate and potassium nitrate (see Part V, this 
vol., p. 841). 

(2) Ammonium nitrate and ammonium sulphate; no eutectic is 
formed. 

(3) Potassium nitrate and potassium sulphate, showing a eutectic 
at 337°6° with 1°6 per cent. of sulphate. 


Ternary Systems.—There is only one ternary system, consisting 
of the three pairs of mixed crystals already mentioned, which are 
in equilibrium with one another at the ternary point 156°5°. 

The following are the various systems studied : 


(2) Ammonium nitrate and potassium nitrate. 

(6) Ammonium nitrate and ammonium sulphate. 

(c) Potassium nitrate and potassium sulphate. 

(2d) Ammonium nitrate and potassium sulphate. 

(ce) (Ammonium nitrate and potassium nitrate) eutectic and 
potassium sulphat<. 

(f) (Ammonium nitrate and potassium nitrate) eutectic and 
ammonium sulphate. 

(g) (Ammonium nitrate + 4°% potassium nitrate) and ammonium 
sulphate. 

(h) (Ammonium nitrate ++ 8°% potassium nitrate) and ammonium 
sulphate. 

(k) (Ammonium nitrate + 11° potassium nitrate) and am- 
monium sulphate. 

(1) (Ammonium nitrate + 17% potassium nitrate) and am- 
monium sulphate. 

(m) (Ammonium nitrate + 19% potassium nitrate) and am- 
monium sulphate. 

(n) (Ammonium nitrate + 20°5°% potassium nitrate) and am- 
monium sulphate. 

(0) (Ammonium nitrate + 22% potassium nitrate) and am- 
monium sulphate. 


Curve (a). See Part V (loc. cit.), p. 842. 
Curve (b). The freezing point of ammonium nitrate is raised 
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steadily on addition of ammonium sulphate. The salts therefore 
are either isomorphous or sufficiently alike in character to form 
mixed crystals. Fig. 1 shows the experimental results. There 
is only one solid phase, namely, mixed crystals of ammonium 
nitrate and ammonium sulphate. The majority of the curves 


Fie. 1. 
Ammonium nitrate + ammonium sulphate. 
184° 
ome 
180 A 
176 / peninad oy Cah, 
é 
NH,NO, ) WA,).S 9% 
172 
q 
168 


4 8 10%(NH,),S0, 


are very similar to this one, namely, curves d, e, g, h, k. The solid 
phases are as follows : 

In (d), (g), (A), (%), mixed crystals of ammonium nitrate and 
ammonium sulphate; in (e) and (f), mixed crystals of ammonium 
sulphate and potassium sulphate. 

Curve (l) is of the usual two-branch type; the solid phase on 
the left is mixed crystals of ammonium and potassium nitrates, 
and on the right ammonium and potassium sulphates. The curves 
are convex above. 
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Curves (m), (n), and (0) are also of the two-branch type, but 
convex below and forming a poorly defined minimum. The solid 
phases are the same as in curve (I). 

The general diagram (see Part IV, T., 1922, 121, 2477) is shown 
in Fig. 2; the concentrations were read for every 2°. There are 
two well-defined areas : mixed crystals of ammonium and potassium 
nitrates and mixed crystals of the two sulphates. A third area, 
consisting of mixed crystals of ammonium nitrate and ammonium 
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sulphate, is ill-defined and appears to merge gradually into the 
second named. 

It is unfortunate that the whole system cannot be realised, as 
it would be an exceptionally interesting one. 

Potassium nitrate and potassium sulphate form a eutectic, so 
that the boundary line will run to that point, but it is impossible 
to say whether ammonium and potassium sulphates form a eutectic 
or not; if so, the boundary line would branch and run to that 
point. Fig. 3. It would seem more probable, however, from the 
results obtained that there are only two main areas, viz. (1) mixed 
crystals of ammonium and potassium nitrates; (2) mixed crystals 
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of ammonium and potassium sulphates, merging gradually into 
mixed crystals of ammonium sulphate and ammonium nitrate. . 

The four salts of this system appear capable of forming mixed 
crystals all together, in triplets, or in pairs, and it is therefore 
hazardous to make any predictions as to the remainder of the 
diagram. 

Summary. 

(1) The freezing point of ammonium nitrate is raised steadily 
by the addition of ammonium sulphate. 

(2) An equilibrium diagram is given for the system 2NH,NO, + 
K,SO, ~~ 2KNO, + (NH,).SO,. 
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This shows a ternary point, at 156°5°, at which three pairs of 
mixed crystals are in equilibrium, namely, ammonium nitrate and 
ammonium sulphate, ammonium sulphate and potassium sulphate, 
and ammonium nitrate and potassium nitrate. The experimental 
results are given in an appendix. 


Freezing Points of Binary Miztures. 
(a) Addition of KNO, to NH,NO,. 


%KNO, ... 0-0 2-6 76 108 116 126 136 
ae 169-4° 167-0° 162-9° 159-5°  158-9° 157-72 157-2° 
%KNO, .. 150 158 167 182 192 209 
eee 158-9° 160-3° 161-9° 165-9° 169-9° 171-8° 
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(6) Addition of (NH,),SO, to NH,NOs. 


(NH),80¢ 0-0 0-17 O39 092 165 21 3-04 
Basivens 169-4°  169-9° 170-3° 171-5° 172:5° 173-6° 1757° 
: IH), 4-6 5-6 8-2 95 116 13-9 


pixcnaees 177-7° 1786° 180-6° 180-5° 180-8 180-8° 


(c) Addition of KNO, to K,SO,. 

%”KSO, ... 0-0 0-56 1-1 1-52 1:7 2-2 2-74 3-4 
F, pt. ceovee «+» 339°8° 339-2° 338-7° 337-6° 337-8° 338-5° 338-9° 339-5° 
Freezing Points of Ternary Systems. 

(d) Addition of K,SO, to NH,NO,. 


% K,SO, 0-0 0-6 1-7 2-6 4-1 
Be Pb. 2cccc.cee 169-5° 170-7° 274-7" 172-2° 173-4° 
% K,S8O, 5:6 7-6 9-5 9-8 11-9 
| A ae 173-9° 175-0° 175-3° 175-8° 176-2° 

(e) Addition of K,SO, to (NH,NO, + KNO, eutectic). 
% K,SO, ... 0-4 0-98 2-0 2-3 2-8 
BGs, odcescces 158-3° 159-5° 160-8° 161-2° 161-9° 
% K,SO, ... 3-5 3-9 4-1 5-16 
ln 163-2° 163-6° 164-0° 164-5° 

(f) Addition of (NH,),SO, to (NH,NO, + KNO, eutectic). 
9%, > (NH,),80, 0-4 1-15 1-53 2-1 2-2 
F. Pt. ccocceese 159-3° 162-2° 163-9° 164-8° 164-9° 
i (NH,),80. 2-52 3-25 4-33 5-6 

sodcssecs 165-7° 166-6° 168-7° 169-9° 

(g) Addition of (NH,),SO, to (NH,NO, + 4% KNO,). 

% (NH,),80. 0-0 0-64 1:3 2-36 3-25 3-9 
eecessees 166-1° 168-4° 170-1° 172-1° 173-9° 174-9° 

% SNH 80, 4-99 5-63 5-7 6-27 7-32 
HeWs. cosccs¢es 176-1° 176-5° 176-5° 177-0° 178-2° 

(h) Addition of (NH,),SO, to (NH,NO, + 8% KNO,). 
% (NH,):80. 0-0 0-2 0-6 126 1:55 224 288 

Hb. cscvsveee 162-6° 163-:2° 164-6° 166-4° 167-2° 169-0° 170-1° 


wo 80, 3:33 3-9 413 518 61 7-03 
sca 171-0° 171-9° 172-9° 173-7° 174-4° 175-0° 


(k) Addition of (NH,),SO, to (NH,NO, + 11% KNO,). 


fp (NHA):80. 0-0 O97 21 32 41 48 58 68 
bree 159-8° 163-4° 166-4° 168-6° 169-8° 171:1° 171-8° 172-6° 


(1) Addition of (NH,),SO, to (NH,NO, + 17% KNO,). 


0 (NHx):804 0-0 0-67 1-43 1-8 2-2 2-65 
5 ro Plan 1628°  162-1° 160-42 161-12 162-0° 162-8° 
&% (NH) 80, 3.7 4-12 4-36 5-6 6-2 71 


pie Fivhel 165-1° 165-6° 166-0° 168-0° 168-9° 169-3° 
4 0* 
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(m) Addition of (NH,),SO, to (NH,NO, + 19% KNO,). 


an @ (NH,),80, 0-0 0-54 1-0 1-12 2-24 2-7 
Rormaiied 167-4° 166-12 165:5° = 165:2° —- 163-2°—-162-9° 
Ms (NH) 80 3-1 3-33 3-4 4-1 5-17 59 


162-7° 163-0° 163-1° 164-3° 166-2° 167-5° 


eeeeeeeee 


+ Addition of (NH,),SO, to (NH,NO, + 20°5% KNO,). 


op (NH),80, 0-0 0-67 1-73 2.37 2-8 3-25 
ows aed 171-42 «170-12 «167-8 ~—-166-0° —s-165-0° —-164-5° 
% cx ),8O 4-12 4-37 51 5-48 6-3 
” ote cece, =-163-7°—«163-7° «164-42 «165-22 166-72 
a Addition of (NH,),8O, to (NH,NO, -+ 22% KNO,). 
2% (NHY).80, 0-0 1-14 2.04 2-87 2.9 3-83 
aged 174-5° —s«172-1°—s«169-6° «168-32 -168-0°—-1665° 
(NH,).80, 3-9 4-4 4-34 5-01 5-68 6-29 
F. p EI 166-5° 165-7° 165-7 165-0° 164-9° 165-7° 
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CCXXXVII.—Complex Formation in Lead Nitrate 
Solutions. Part I. The Ternary Systems Lead 
Nitrate-—Sodium Nitrate-—Water, and Lead Nitrate- 
Potassium Nitrate—Water. 


By SAMUEL GLASSTONE and Haro~pD NICHOLAS SAUNDERS. 


LeBuanc and Noyes (Z. physikal. Chem., 1890, 6, 386) appear the 
first to have noted that the solubility of lead nitrate in water at 
the ordinary temperature is increased by the presence of potassium 
nitrate, but decreased by sodium nitrate. The difference was 
ascribed to the existence of potassium nitrate in solution as double 
molecules, and cryoscopic measurements were recorded in favour 
of this view. The cases mentioned were, however, isolated examples. 
Lewis (Diss., Breslau, 1908) determined the solubility of a series of 
mixtures of lead nitrate with sodium and potassium nitrate respec- 
tively, in water at 25°3°; he concluded that in the presence of the 
sodium salt the solubility of lead nitrate was in agreement with 
Nernst’s law on the influence of a common ion, but that in the case 
of potassium nitrate there was evidence of the formation of com- 
plex ions. It may be pointed out that Nernst’s law would scarcely 
be applicable to such concentrated solutions as are being considered 
here. The different behaviour of the sodium and potassium salts 
led Lewis to suggest that in the latter case the alkali metal itself 
formed part of a complex positive ion, to which, from potential 
measurements, was given the formula KPbNO,”; similar complex 
formation was thought not to occur with sodium nitrate. This 
view, however, is not in accordance with the strong electro-positive 


on 


IN LEAD NITRATE SOLUTIONS. PART I. 2135 


nature of potassium; in fact, according to the modern electron 
theory of valency, the existence of such a stable complex ion as 
KPbNO,”* would scarcely be expected. It is much more probable 
that the lead enters into a complex anion, for example, Pb(NO,),’’, 
which may exist to some extent, according to unpublished measure- 
ments, in a solution of pure lead nitrate in water. 

The addition of either sodium or potassium nitrate to a solution 
of lead nitrate causes a considerable diminution of the plumbous-ion 
concentration, measured electromotively (Lewis, loc. cit.; Cumming, 
Trans. Faraday Soc., 1907, 2, 199; Abegg and von Labendzinski, 
Z. Elektrochem., 1904, 10, 77; Fernau, Z. anorg. Chem., 1898, 17, 
327), thus indicating complex formation in each case, although to 
a greater extent with the potassium salt. In view of this simi- 
larity in behaviour of the alkali nitrates, the object of this work 
was to investigate the factors affecting the solubility relationships 
of lead nitrate in the presence of either of these salts. 

Miss Isaac (T., 1908, 93, 384) has determined the saturation 
temperatures of solutions containing varying amounts of lead 
nitrate and a fixed ratio of sodium nitrate to water; from these 
results it has been calculated that 100 parts of water dissolve 
4301 and 57°99 parts by weight of lead nitrate at 32° and 65°, 
respectively, in the presence of a constant amount (75 parts) of 
sodium nitrate. The ratio of solubilities is thus 1°35, whilst in 
pure water for the same two temperatures the ratio is 1°48. The 
effect of sodium nitrate is apparently to cause a relative decrease 
in solubility as the temperature rises, and an increase as the tem- 
perature falls. At a sufficiently low temperature we should expect 
to find that sodium nitrate increases the solubility of lead nitrate 
just as potassium nitrate does at the ordinary temperature, and that 
if potassium nitrate behaves in a similar manner, at high temper- 
atures it will cause a diminution in the solubility of lead nitrate. 
To test this possibility, the ternary systems KNO,—Pb(NO,),—-H,O 
and NaNO,—Pb(NO,),-H,O were investigated completely at 
25° and 50°, and partly at 0° and 100°. Lewis (loc. cit.) deter- 
mined the isotherms at 25°3°, but made no analysis of the solid 
phases; his results are expressed as gram-mols. per litre, which 
is a very unsatisfactory method of expression when dealing with 
such concentrated solutions. In the present work, the liquid and 
wet solid phases were analysed ; the results were plotted on the usual 
triangular diagram, and extrapolation to the dry solid phase was 
carried out according to the method of Schreinemakers (Z. phystkal. 
Chem., 1893, 11, 81). 

EXPERIMENTAL. 
General Procedure—In most cases the salts were mechanically 


mixed in known proportions, and water was added until they were 
4c0*2 
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just dissolved at temperatures about 10° higher than that of the 
isothermal. These mixtures were then stirred in a gas-regulated 
thermostat for two or three days; after allowing time to settle, 
samples of the clear liquid and of the wet solid were removed for 
analysis. For the 50° isothermal, unsaturated solutions were often 
allowed to evaporate slowly, until sufficient solid for analysis had 
separated out. 

Method of Analysis ——A weighed amount of the liquid or wet 
solid was heated first on a water-bath, then in an air-oven at 110°, 
and finally on a hot plate at about 130°; in this way, the amount of 
water was determined. The dried solid was then dissolved in a 
known volume of water, an aliquot part taken and the lead in this 
estimated gravimetrically as sulphate by the method described 
in Treadwell’s “‘ Quantitative Analysis,’ 1919, p. 174. Hydrolysis 
of lead nitrate was negligible, and caused no trouble during the 
evaporation; further, the general analytical method was tested 
on mixtures made up from known weights of lead nitrate with 
sodium nitrate and potassium nitrate, respectively. The results 
obtained were in very good agreement with theory, provided 
sufficient care was taken to wash the lead sulphate precipitate 
very thoroughly with 5 per cent. sulphuric acid. 


Results. 
Solution. Residue. 
NaNO. Pb(NO,),. H,O. NaNO,. Pb(NO;),. H,O. 

_ %. %. o,. %. %. Solid phase. 
47°86 0-00 52-14 — — — NaNO, 
45-71 4-30 49:99 84-95 1-25 13-80 re 
41°32 13°17 45-51 87-16 2-75 10:09 “a 
40-32 15-47 44-21 58-96 24-46 16-58 NaNO,+ Pb(NO,), 
36-43 16-86 46-71 9-77 78-65 11-58 Pb(NO,), 
30-08 18-99 50-93 1-81 95-87 2-32 99 
20-94 22-33 56°73 2-55 90-63 6-82 ws 
17°69 23-86 58°45 4-99 82-10 12-91 aa 
10-04 27:86 62-10 0-76 93-00 6:24 ‘ 

6-02 30-89 63-09 1-46 87-48 11-16 ‘s 

0-00 37°17 62°83 — — — = 

NaNO,—Pb(NO,).-H,0 at 50°. 
Solution. Residue. 
NaNO,. Pb(NO,),. HO. NaNO,. Pb(NO,),. H,O. 

%: %. 1) %. %. a Solid phase. 
53-29 0-00 46-71 — — — NaNO, 
49-80 6°38 43-82 80-44 2-36 17-20 Le 
47-09 11-35 41:56 71-59 6-10 22-31 “as 
43-84 17-25 38-91 49-34 35-14 15-52 NaNO,+Pb(NO,),. 
29-87 22-83 47-30 11-95 68-01 20-04 Pb(NO3). 
17-51 29-22 53-27 4-23 83-41 12-36 * 

8-75 35°77 55-48 2-43 84-21 13-36 ia 

4-32 40-27 55-41 1-60 85-61 12-79 3 


0-00 44°79 66-21 ae 3 > el > 4d ” 
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The following results were obtained at 0° and 100° : 


the 
ated | temperature. NaNO, (%). Pb(NOs)>(%)- H,O(%). Solid phase. 
ttle, 0° = 28-70 71-30 Pb(NOQ,)s 
l for “ 2-91 25-80 71-29 eo 
100° an 55-65 44-35 a 
ften “ 4-24 50-78 44-98 2 
had 
ou The results are represented in Fig. 1. 
10°, ? 
at of Fria. 1. 
in a H,O 
this 
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the 
sted 
vith 
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ided 
tate 
Pb(NO,), NaNO, 
)e 
KNO,-Pb(NO;),-H,0 at 25°. 
Solution. Residue. 
KNO,. Pb(NO,). H,O. KNO,. Pb(NO,).. H,0. 
%, %, %. %. %. %, Solid phase. 
27-39 0-00 7261 — doo ray KNO, 
27-03 15-14 57-83 70-38 7-28 22-34 a 
26-93 9:24 63:83 72:40 3:54 24-06 .. 
25-93 28:05 46-02 67-70 11-91 20-39 a 
24-92 40:99 34:09 63-45 19:87 16-68 % 
24-67 41:93 33-40 25-62 56-61 17:77 KNO,+Pb(NOs), 
14:73 40:86 4441 200 92-49 5-51 Pb(NOs)2 
: 8-42 39-27 52:31 1:28 95:40 3-32 sa 
. 4-90 37-95 57:15 1-26 94-45 4-29 a 
2-75 37:37 5988 1-13 96-55 2-32 eo 


0-00 37:17 62°83 — ales _— ” 
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KNO,-Pb(NO,).-H,O at 50°. 


Solution. Residue. 
KNO,. Pb(NO,), H,O. KNO;. Pb(NO,), H,0. 
%,. %. %. » * %. %. Solid phase. 
45-51 0-00 5449 — as ick KNO, 
41-72 12:03 46-25 77-83 4:55 17-62 


37-69 26-47 35°84 68-58 13-17 18-25 
36-33 32-32 31:35 78-72 10-66 10-62 os 
33-14 42-14 24-72 46-30 36-43 17-27 KNO, + Pb(NO,), 
30-98 43-05 25:97 7:96 86-13 5-91 P 

27-47 43-45 29:08 14-95 69-88 15-17 
19-38 44-38 36-24 4-63 85-54 9-83 


aa 


11-26 44-75 43-99 3-92 81-25 14-83 
5-90 44-44 49-66 2-25 83-90 13-95 


Pb(NO,), KNO, 


KNO,-Pb(NO,),-H,O at 100°. 


Solution. 


ee —————— 


KNO, (%). Pb(NOg)s (%). HO (%). Solid phase. 


71-10 0-00 28-90 Potassium nitrate 
51-24 27-04 21-72 - ‘ 
36-90 44-50 18-60 Lead nitrate 
15-98 49-93 34-09 ei Pe 

3-79 53-49 42-72 by ag 

0-00 55-65 44-35 


The results obtained for this system are represented in Fig. 2. 
Many tie-lines have been omitted for the sake of clearness. 
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An examination of the isothermal curves shows that in general 
the addition of sodium nitrate to a solution of lead nitrate decreases 
the solubility of the latter, and the slope of the left hand portion 
of the curves indicates that this effect is greater at increased tem- 
peratures. Further, as the amount of sodium nitrate increases, 
the decrease in solubility becomes smaller; for example, at 25° an 
increase in the sodium nitrate from 30 to 40 per cent. alters only 
very slightly the relative amounts of lead nitrate and water. At 
lower temperatures, in the presence of a fairly large amount of 
sodium nitrate, the solubility of the lead salt will probably be 
increased. Potassium nitrate, on the other hand, always appears 
to increase the solubility of lead nitrate, but the curves show that 
this effect decreases greatly with increasing temperature. The 
change in the isothermal curve from 25° to 50° is very marked; 
at the higher temperature the slope is less, and the isothermal 
invariant point moves over to the potassium nitrate side of the 
diagram. Thus, the potassium nitrate curves for high temperatures 
begin to resemble more closely those of sodium nitrate. By per- 
forming experiments under pressure at still higher temperatures, it 
might be possible to observe a decrease in the solubility of lead 
nitrate as a result of adding petassium nitrate. 

The marked differences between the sodium nitrate and the 
potassium nitrate isotherms are only partly accounted for by the 
fact, already mentioned, that in the latter case complex ion 
formation takes place to a greater extent than in the former; it 
is very probable that other important factors are also operative. 
Quite recently, von Weimarn (Koll. Z., 1923, 32, 145) discussed 
the influence of one salt on the solubility of another, and stated 
that when two or more salts are dissolved in a given solvent, a 
competition for the solvent takes place between the salts, so that 
a decrease in the solubility of the salt which takes up least of the 
solvent follows. In the case under discussion, the sodium forms 
the most heavily hydrated ion (compare Washburn, J. Amer. 
Chem. Soc., 1909, 31, 322; Kraus, “ Properties of Electrically 
Conducting Systems,’ 1922, p. 201); a recent estimate (Lenard, 
Weick, and Mayer, Ann. Physik, 1920, [iv], 61, 665) gives the 
number of molecules of water associated with the sodium-ion as 
twelve, and seven with the potassium-ion. The lead-ion, with a 
relative mass of 207 and an ionic mobility of 58°6 at 18°, is probably 
only very slightly hydrated. When sodium nitrate is added to a 
solution of lead nitrate, the ions (and probably the undissociated 
molecules, too) of the former become heavily hydrated, with the 
result that a certain amount of the solvent water is removed. 
Less water is now available for the dissolution of lead nitrate, and 
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so its solubility may be diminished in spite of complex ion formation 
occurring at the same time. That the activity of the water is much 
less in sodium nitrate solutions than in those containing potassium 
nitrate, is shown by the fact observed during the course of these 
investigations, that the latter solutions evaporate much more 
rapidly than do the former. A series of experiments will be com. 
menced shortly with the object of investigating this matter further, 
Since hydration and complex ion formation act in opposite direc. 
tions as far as the solubility of lead nitrate is concerned, the effect 
of increasing temperature may be to increase the former (Kraus, 
op. cit., pp. 125, 202), or to decrease the latter, or both; in any 
case, the result would be a relative decrease in the solubility of 
the lead salt. A fuller discussion of this matter must be left for 
the present. 
Summary. 


(1) The ternary systems NaNO,-Pb(NO,),-H,O and KNO,- 
Pb(NO,),-H,O have been investigated completely at 25° and 50°, 
and partly at 0° and 100°. 

(2) Sodium nitrate, in general, causes a decrease in the solubility 
of lead nitrate ; this decrease becomes smaller at lower temperatures, 

(3) Potassium nitrate causes the solubility of lead nitrate to 
increase, but the effect decreases considerably as the temperature 
rises. 

(4) The difference in behaviour between the two alkali nitrates 
is probably due to variation in degree of complex ion formation 
and of hydration; these factors act in opposite directions, and 
either or both may be influenced by temperature. 


The authors wish to express their thanks to the Council of the 
University College of the South West for the award of an Andrew 
Simons Research Scholarship, which enabled one of them (H. N. 8.) 
to collaborate in this work. 
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CCXXXVIII. —The Preparation of N-Derivatives in 
the Carbazole Series. 


By Tuomas STEVENS STEVENS and STANLEY Horwoop TuckKER. 


Tue fact that 3-nitrocarbazole dissolves in alcoholic potassium 
hydroxide solution with a deep red colour suggests that a salt is 
formed of the type (I), and that, as in the parallel case of hexa- 
nitrodiphenylamine (Ber., 1908, 41, 1745), it might be possible to 
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jsolate a coloured aci-ether. Preliminary experiments with this 
object in view were unsuccessful; the action of the alky] iodides on 
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the alcoholic solution of sodium hydroxide and 3-nitrocarbazole 
giving rise to N-alky] derivatives (II). As a result of this observ- 
ation, successful attempts were made to prepare N-alkyl] derivatives 
of the carbazole series. With slight modifications, the method 
was tried and found to be applicable to the preparation, not only 
of N-alkyl and N-acyl derivatives of 3-nitrocarbazole, but also of 
carbazole, 3-bromo- and 3-iodo-carbazole, and N-alkyl derivatives 
of tetrahydrocarbazole. 

The only methods * which have been described for the preparation 
of N-alkyl, N-aryl, and N-acyl derivatives of carbazole involve 
direct action of the reagent on (i) carbazole itself, (ii) magnesium 
carbazole iodide, and (iii) potassium carbazole. The applicability 
of (i) is limited; (ii) is somewhat tedious; whilst (iii), which neces- 
sitates a fusion with potassium hydroxide, evidently cannot be 
applied to compounds such as nitro- and halogeno-carbazoles. 
The improvement introduced by Clark (J. lnd. Eng. Chem., 1919, 
11, 204) into this last method, in which he uses a mixture of potassium 
and sodium hydroxides, does not obviate the drawback mentioned. 

The difficulty has been completely surmounted by the use of 
aqueous solutions of potassium or sodium hydroxide acting upon 
carbazole, or its derivative, dissolved in alcohol or acetone, in 
presence of the appropriate alkylating or acylating reagent at, or 
slightly above, room temperature. By this method, practically 
quantitative yields of N-derivatives are obtained. 

The products prepared by the alkylation of 3-nitrocarbazole 
were identical with those obtained by the direct nitration of the 
corresponding alkylcarbazoles (M.L.B., D.R.-P. 259504, 294016; 
Morgan and Read, T., 1922, 121, 2715); whence these substances 
are proved to be 3-nitro-N-alkylcarbazoles. The identity of the 
nitrocarbazole obtained from nitro-N-nitrosocarbazole (Ruff and 
Stein, Ber., 1901, 34, 1677) with that prepared by direct nitration 
in nitrobenzene (M.L.B., D.R.-P. 294016) and in acetic acid (Ziersch, 
Ber., 1909, 42, 3797) was confirmed by the melting points of mixtures 


* Since the preparation of this paper there has come to our notice a patent 
specification (Illustrated Official Patents Journal, March 28th, 1923, No. 1784) 
which describes the preparation of alkylcarbazoles by the action of solid 
potassium hydroxide on carbazole. 
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of the alkyl derivatives, which are more readily characterised 
than 3-nitrocarbazole itself. 

It is noteworthy that the properties of 3-nitro-N-ethylcarbazole, 
prepared by us by the ethylation of 3-nitrocarbazole, agree with 
those of the compound prepared according to the German patent 
259504 (M.L.B.), but not with those of the compound made by 
Delétra and Ullmann and assumed by them to be 3-nitro-N-ethy]. 
carbazole (Arch. Sci. phys. nat. Geneve, 1904, [iv], 17, 90). Delétra 
and Ullmann describe the compound isolated by them as a red, 
crystalline powder, melting at 108° and decomposing above that 
temperature, soluble in acetic acid or benzene, sparingly soluble 
in alcohol or ether. On the other hand, 3-nitro-N-ethylcarbazole 
isolated by us is yellow, melts at 126—128°, and is unchanged after 
heating for a short time at a hundred degrees above its melting 
point, and is readily soluble in ether. It is to be noted that Blom 
(Helv. Chim. Acta, 1921, 4, 1036) failed to obtain nitrocarbazoles 
by Ullmann’s method. 

As already mentioned, this process of alkylation can also be 
advantageously applied to carbazole. The N-alkylcarbazoles are 
obtained in almost quantitative yield by the action of a concen- 
trated aqueous solution of sodium or potassium hydroxide on an 
acetone solution of carbazole and the appropriate alkyl iodide or 
sulphate. Furthermore, the method has been successfully applied 
to the alkylation of 3-bromo- and of 3-iodo-carbazole (to be described 
in a forthcoming communication by one of us), and of tetrahydro- 
carbazole. 

It was not found possible to obtain N-methyldiphenylamine by 
this method, probably owing to the weaker acidity of diphenylamine. 

Carbazole and 3-nitrocarbazole are readily acetylated and benzoyl- 
ated by the same process, using the required acid chloride in place 
of the alkylating reagent. 

In general, the reaction proceeds more readily the more acidic 
the imino-compound and the smaller the alkyl group to be intro- 
duced. Thus dilute alkali may be employed with little disadvantage 
in the case of the alkylation of 3-nitrocarbazole; whereas, even in 
presence of concentrated potassium hydroxide solution, dipheny)l- 
amine is scarcely affected. The retarding effect of large alkyl 
groups, particularly the secondary radicles, is in agreement with 
the work of Levy (Monatsh., 1912, 33, 177) on the interaction of 
solid potassium carbazole and alkyl iodides. 


EXPERIMENTAL, 


3-Nitrocarbazole was prepared from (i) 3-nitro-N-nitrosocarbazole 
by the method of Ruff and Stein (loc. cit.), or by the following slight 
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modification: 3-Nitro-N-nitrosocarbazole (6 grams) was boiled 
with acetic acid (100 c.c.) and fused sodium acetate (6 grams) until 
nitrous fumes ceased to be evolved (about forty-five minutes). 
The hot liquid was filtered, and 3-nitrocarbazole separated on 
cooling. A further quantity was obtained from the mother-liquor. 

(ii) Carbazole directly nitrated in nitrobenzene (M.L.B., loc. cit.). 


N-Derivatives of 3-Nitrocarbazole. 


3-Nitro-N-methylcarbazole.—(a) 3-Nitrocarbazole (5 grams), 
alcohol (100 c.c.), 10 per cent. aqueous sodium hydroxide (25 c.c.), 
and methy] iodide (7 grams) are gently boiled under reflux. Crystals 
soon separate. Heating is continued for two hours, and the solution 
allowed to crystallise. The crystals of 3-nitro-N-methylearbazole 
are washed with aqueous alcohol, and recrystallised from alcohol 
or slightly dilute acetic acid. The yield is 70 per cent. of theory. 

(b) 3-Nitrocarbazole (1 gram) is dissolved in 66 per cent. aqueous 
potassium hydroxide solution (1 c.c.) and acetone (10 c.c.) by 
warming, and methyl! sulphate (1 c.c.) added. The mixture is 
well shaken for a few seconds until the deep red colour of potassium 
nitrocarbazole has been replaced by yellow. Warm water (5 c.c.) 
is added to the semi-solid product, which is then set aside to 
crystallise, and the 3-nitro-N-methylcarbazole isolated and purified 
as described above. The yield is 90—95 per cent. of theory. 

(c) 3-Nitrocarbazole (2 grams) is boiled with methyl iodide 
(10 c.c.), and silver oxide (2 grams) gradually added; the boiling is 
continued for an hour. The excess of methy] iodide is then dis- 
tilled off, and the 3-nitro-N-methylearbazole extracted from the 
residue by means of alcohol. The yield is 80 per cent. of theory. 

3-Nitro-N-methylearbazole forms long, yellow needles, m. p. 
169—171°. [M.L.B. give the melting point as 147—148° (D.R.-P. 
259504); 160—161° (D.R.-P. 294016).] 3-Nitro-N-methylcarb- 
azole, prepared: by the method of D.R.-P. 259504—nitration of 
methylearbazole in benzene solution with hydrochloric acid and 
aqueous sodium nitrite—was shown by a mixed melting point to 
be identical with the product obtained by the methylation of 
3-nitrocarbazole. 

3-Nitro-N-ethylcarbazole —(a) 3-Nitrocarbazole (5 grams), alcohol 
(120 ¢.c.), 10 per cent. aqueous sodium hydroxide solution (40 c.c.), 
and ethyl iodide (10 grams) are boiled under reflux for a day, and 
the product is isolated as described in the preparation of 3-nitro-N- 
methylearbazole (a). 

(b) The preparation is carried out as in the second method 
described under 3-nitro-N-methylearbazole, using an equivalent 
quantity of ethyl sulphate. 
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3-Nitro-N-ethylearbazole crystallises from alcohol or slightly 
dilute acetic acid in long, yellow needles, m. p. 126—128°: it 
remains undecomposed at 230°. A specimen prepared by the 
method of Morgan and Read (loc. cit.; compare also M.L.B., loc, 
cit.) was shown by a mixed melting point to be identical with the 
product of ethylation of 3-nitrocarbazole. 

3-Nitro-N-n-propylcarbazole.—3-Nitrocarbazole (1 gram) is dis- 
solved in 66 per cent. aqueous potassium hydroxide solution (1 c.c.) 
and acetone (10 c.c.), and ”-propyl iodide (12 grams) added. The 
mixture is boiled under reflux until the red colour is replaced by 
yellow (forty-five minutes). The product is isolated in the usual 
manner, and forms yellow needles from alcohol, m. p. 101—103° 
(Found: C=70'3; H=59; N=11°3. C,,H,,0,N. requires 
C= 709; H=55; N= 11° per cent.). 

3-Nitro-N-isopropylcarbazole is prepared similarly to its iso. 
meride, except that the reaction requires six hours’ boiling. It 
forms yellow needles, m. p. 149—152°, from alcohol or slightly 
dilute acetic acid (Found: C=707; H=57; N=113. 
C,;H,,0,N. requires C= 709; H=55; N= 11-0 per cent.). 

3-Nitro-N-n-butylearbazole is prepared in the same manner as its 
next lower homologues, n-butyl iodide (1'3 grams) being used, and 
the mixture boiled for forty-five minutes. It forms yellow leaflets 
or long, pointed laminz from alcohol; m. p. 97—100° (Found: 
C=71:3; H=61; N= 10°8. Cy gH,,0,N, requires C = 71°6; 
H = 60; N = 10 per cent.). 

The foregoing nitro-compounds behave in a very similar manner 
towards solvents; the solubility in alcohol, however, falls noticeably 
with rising melting point. They are very soluble in ether, acetone, 
chloroform, benzene, xylene, or nitrobenzene, moderately soluble in 
alcohol or acetic acid, and almost insoluble in light petroleum. 
They dissolve in concentrated sulphuric acid, giving deep violet 
solutions. Great difficulty was experienced in the estimation of 
nitrogen in these substances: the values cited are probably for- 
tuitous, as the results of other estimations were frequently 0°6 to 
0°8 per cent. high, Each of the compounds was prepared from 
3-nitrocarbazole, obtained, as stated, from 3-nitro-N-nitroso- 
carbazole, and from that made by nitration of carbazole in nitro- 
benzene, and the identity of the products confirmed by mixed 
melting points. 

3-Nitro-N-benzoylcarbazole-—3-Nitrocarbazole (1 gram) is dis- 
solved in 60 per cent. aqueous potassium hydroxide solution (1 c.c.) 
and acetone (15 c.c.), and benzoyl chloride (1 ¢.c.) is added. On 
shaking, the red colour is discharged and a yellow solid separates. 
The mixture is poured into water, the product filtered, and recrystal; 
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lised from glacial acetic acid, from which it separates in white 
needles, m. p. 181—183°. It is readily hydrolysed by warm 60 per 
cent. aqueous potassium hydroxide solution. Mazzara (Ber., 
1891, 24, 278), by the nitration of N-benzoylcarbazole, obtained a 
compound which he described as glistening yellow leaflets, m. p. 
181°, decomposed by alcoholic, but not by aqueous, potassium 
hydroxide solution. Since Mazzara’s compound gives rise to 
$-nitrocarbazole on hydrolysis, the two substances are probably 
identical, the discrepancy in properties being due to impurities in 
the original N-benzoylcarbazole, which he describes as chrome- 
green in colour. 

3-Nitro-N-acetylcarbazole.—3-Nitrocarbazole (1 gram) is dissolved 
in acetone (15 c.c.) and 66 per cent. aqueous potassium hydroxide 
solution (3 c.c.) by warming. Acetyl chloride (2 c.c.) is added to 
the cold solution, and the mixture shaken until the violent reaction 
has subsided. The product is then poured into water and filtered. 
In order to remove traces of unaltered 3-nitrocarbazole, the solid is 
boiled with acetone (10 c.c.) for a few seconds, a little dilute sodium 
hydroxide solution added, and the mixture at once filtered. The 
almost white product is now recrystallised from xylene or acetic 
acid. The yield is nearly theoretical. 

A more convenient method of preparing 3-nitro-N-acetylcarbazole 
is to heat 3-nitrocarbazole with acetic anhydride containing a trace 
of concentrated sulphuric acid. The method originally used by 
Mazzara and Leonardi (Gazzetta, 1892, 22, ii, 443) for the acetyl- 
ation of 3-nitrocarbazole involves heating the reaction mixture in 
a sealed tube. 

N-Derivatives of Carbazole. 

N-Methylcarbazole.—(a) Carbazole (15 grams), methyl sulphate 
(15 ¢.c.), and acetone (75 c.c.) are mixed with a solution of sodium 
hydroxide (15 grams) in water (10 c.c.). The mixture is vigorously 
shaken for a few minutes and poured into water. The product 
precipitated is recrystallised from alcohol, and gives an almost 
quantitative yield of N- methylearbazole. 

(6) Pure carbazole (4 grams) is boiled with methyl iodide (40 
grams), and silver oxide (6 grams) gradually added. The mixture 
is boiled for an hour. The excess of methyl iodide is distilled off, 
and N-methylearbazole extracted from the residue by means of 
boiling alcohol. The yield is 80 per cent. of theory. 

N-Ethylcarbazole is prepared by the method (a) used to obtain 
N-methylearbazole. 

N-n-Propylearbazole—Carbazole (2 grams), acetone (10 c.c.), 
66 per cent. aqueous potassium hydroxide solution (2 c.c.), and 
n-propyl iodide (4 grams) are boiled under reflux for twelve hours. 


2146 PREPARATION OF N-DERIVATIVES IN THE CARBAZOLE SERIES. 


On pouring into water, N-n-propylcarbazole separates as an oil, 
which soon solidifies, and is recrystallised from alcohol. The yield 
is 85 per cent. of theory. 

N-Benzoylcarbazole—Carbazole (3°3 grams) is dissolved in acetone 
(20 c.c.), and potassium hydroxide (5°6 grams) in 66 per cent. 
aqueous solution added. The mixture is well shaken, and boiled 
under reflux. Boiling is interrupted, and benzoyl chloride (5:6 
grams) added (through the condenser) in three portions, the 
mixture being well shaken after each addition. The pasty solution 
is poured into water and the solid which separates is crystallised 
from alcohol. N-Benzoylcarbazole is very soluble in hot, and 
only slightly soluble in cold alcohol; it is best crystallised from 
dilute alcoholic solution, from which it separates in colourless 
needles, m. p. 98°. The yield is 80—90 per cent. of theory. 

It was found to be very difficult to isolate pure N-benzoyl- 
carbazole by the method employed by Mazzara (loc. cit.) on account 
of resinous products and coloured substances formed in the reaction. 


N-Derivatives of Halogenocarbazoles. 


3-Bromo-N-methylcarbazole.—3-Bromocarbazole (1 gram) is dis- 
solved in 66 per cent. aqueous potassium hydroxide solution 
(1 c.c.) and acetone (10 c.c.), and methyl] sulphate (1 ¢.c.) is added. 
The mixture is shaken, warmed, and poured into water. The oil 
which separates solidifies in a freezing mixture, and is recrystallised 
from alcohol in white needles, m. p. 76—79° (Found: Br = 30°9. 
C,,;H,)>NBr requires Br = 30°7 per cent.). 

3-Bromo-N-ethylcarbazole is prepared as 3-bromo-N-methy]l- 
carbazole. It melts at 81—84° (Found: Br = 29°3. C,,H,.NBr 
requires Br = 29:1 per cent.). 

3-Bromo:N-benzoylcarbazole.—3-Bromocarbazole (0°3 gram) is 
dissolved in acetone (5 c.c.), 66 per cent. aqueous potassium 
hydroxide solution (1 ¢.c.) is added, and then a solution of benzoyl 
chloride (0°5 c.c.) in acetone (5 c.c.). The reaction mixture boils, 
is finally shaken and poured into water. The product is recrystal- 
lised from a mixture of alcohol and benzene, m. p. 124°. 

3-Iodo-N-methylcarbazole.—3-lodocarbazole, m. p. 192—194° (3 
grams) is mixed with acetone (15 c.c.), methyl sulphate (2 grams), 
and a 60 per cent. aqueous solution of potassium hydroxide (2 grams 
of potassium hydroxide). The mixture is treated as in the pre- 
paration of 3-bromo-N-methylcarbazole. 3-Iodo-N-methylcarbazole 
crystallises from much alcohol in colourless crystals, m. p. 77—79°. 
The yield is nearly theoretical [Found : by the Baubigny-Chavanne 
method (Compt. rend., 1903, 136, 1197), I= 41-7. C,.H,)NI 
requires I = 41-4 per cent. |]. 
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3-Iodo-N-ethylcarbazole is prepared as 3-iodo-N-methylcarbazole, 
ethyl sulphate being used in place of methyl sulphate. It crystallises 
from alcohol in Jong needles, m. p. 83—84° (Found: by Carius’s 
method, I = 39:2. C,,H,,NI requires I = 39°5 per cent.). 

p-T'oluenesulphonylearbazole (Cassella, 1909, D.R.-P. 224951; 
Herz, 1910, A.P. 966092). 

Carbazole (2 grams), p-toluenesulphony! chloride (4 grams), and. 
acetone (20 c.c.) are warmed to give a clear solution, and 66 per 
cent. aqueous potassium hydroxide solution (5 ¢.c.) is added. The 
liquor is poured into water, and the product recrystallised from 
alcohol. 

N-Methyltetrahydrocarbazole.—Tetrahydrocarbazole (1°7 grams) is 
dissolved in acetone (10 c.c.), and potassium hydroxide (6°6 grams) 
in 66 per cent. aqueous solution added. The mixture is shaken, 
and methyl sulphate (5 grams) is introduced in the course of fifteen 
minutes. The liquid on each addition of methyl sulphate turns 
pink, and, on shaking, gradually back to yellow. The mixture is 
poured into water, and a yellow oil separates. It solidifies in the 
cold, and can be crystallised from methyl alcohol in long sword 
blades melting at 50°, as found by Perkin and Plant (T., 1921, 
119, 1834). 

Summary. 

1. A general method has been elaborated for the alkylation and 

acylation of carbazole and its derivatives in solution at moderate 


temperatures. 
2. A series of 3-nitro-N-alkylcarbazoles has been prepared and 


examined, of which only the two lowest members had been even 


superficially described. 
3. The identity of the nitrocarbazole prepared by different 


methods has been confirmed. 


OrGANIC CHEMISTRY DEPARTMENT, 
UNIVERSITY OF GLASGOW. [Received, May 31st, 1923.] 


CCXXXIX.—Tesla-luminescence Spectra. Part III. 
Some Mono-substitution Products of Benzene. 


By. Witu1AM Hamitton McVickER, JOSEPH KENNETH MARSH, 
and ALFRED WALTER STEWART. 


It has been shown (McVicker, Marsh, and Stewart, this vol., p. 642) 
that benzene vapour, when traversed by a Tesla discharge, emits a 
spectrum consisting of seven groups of fine bands with limits at 
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the wave-numbers 3257, 3357, 3454, 3554, 3652, and 3752; and it 
has been found (McVicker and Marsh, this vol., p. 817) that changes 
of temperature and pressure over wide ranges appear to have 
comparatively slight influence upon the essential characteristics of 
the benzene spectrum. The work has now been extended by the 
examination of a number of mono-substitution products of benzene; 
and certain general rules governing the character of Tesla. 
luminescence spectra have come to light. 


1. Apparatus. 


In the light of experience gained, some modifications in the 
details of the apparatus have been made. Since some substances 
had to be examined at high temperatures and low pressures, it 
seemed advisable to eliminate rubber-glass joints; and in the type 
of cell now employed a ground-glass junction connects the cell 
with the pump, while the gauge and the vaporising flask containing 
the substance to be examined are sealed directly on to the cell 
itself. When high-boiling liquids were examined, a special cell 
was used having a bulb attached to each end of the cell-tube; and 
the liquid was boiled in one of these bulbs and condensed in the 
other by a cooling bath. This complication of the cell necessitated 
a fresh type of heating-jacket; and it was found best to use a tin 
casing within which the cell-tube was imbedded in flock asbestos. 
By heating the tin casing with a Bunsen burner, an even temperature 
can be maintained in the cell. 

The firm attachment of the quartz window of the cell has proved 
to be a matter of considerable difficulty. The best method devised 
up to the present has been to make an air-tight join between the 
quartz and the glass end of the cell by means of a solution of 
“dope” in amyl acetate, several coats being applied in succession 
with due time for hardening between the applications. When this 
join is complete, the dope film can be protected and supported by 
a coating of heat-resisting cement. This method works as well as 
can be expected; but we should be grateful for any helpful sug- 
gestions in the matter, as even with care the window is apt to 
break loose in the middle of an experiment, if the temperature be 
high. 

With regard to the electrical arrangements, a 12-inch induction 
coil has been used instead of the 18-inch one described in the 
previous paper. Apparently this alteration in the apparatus 
makes no detectable difference in the spectra obtained. The Tesla 
transformer employed was the large one, of which the dimensions 
have already been given. 

In order to detect any possible sources of discrepancy, a series of 
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photographs of toluene was taken. The temperature and pressure 
in the cell and also the exposure were kept uniform throughout the 
series, but the primary of the transformer was altered with each 
exposure. On inspection, it was found that the character of the 
spectrum remained unaltered over the whole range of the exposures, 
although the intensity of it varied slightly. Again, an examination 
of the spectrum of aniline showed that it remained essentially the 
same whether it was excited by the large Tesla transformer with 
primary and secondary in series or by the smaller laboratory-made 
transformer described in our first paper, which has the primary 
and secondary circuits independent of each other. From this it 
seems clear that the nature of the transformer is a very minor 
factor—if, indeed, it be a factor at all—in the problem of these 
Tesla-luminescence spectra; and that the spectra are characteristic 
of the substances producing them, independent of the precise nature 
of the Tesla discharge which is employed. 

Since some of the benzene mono-substitution products emit 
visible rays, it has been found necessary to use panchromatic plates 
in order to photograph the spectra. These plates have been 
developed with the aid of “ desensitol ”’ in order to avoid the trouble 
of working entirely in the dark. 


2. The Bands of the “ Blue Series.” 


In certain of the spectra investigated, a new series of bands has 
been observed; and it will be convenient at this point to describe 
the main features of this fresh part of the spectrum, so as to avoid 
repetition in later sections of the paper. 

This ‘‘ blue series” (as it may be termed for convenience in 
reference) appears (except in the case of acetophenone) to be 
essentially the same whenever it is observed. Its principal bands 
occur at the same wave-lengths in the spectra of very different 
compounds; and the only alteration found in it is that the series 
of bands is sometimes incomplete owing to the fainter bands not 
making their appearance in certain cases. The blue series as a 
whole is very much fainter than the benzene bands, requiring 
about four times the exposure to bring it out sharply. 

With the Hilger spectrograph employed, the reading of the 
wave-lengths of the blue series cannot be very accurate, on account 
of the small dispersion of the instrument in this region of the 
spectrum; for the 1000 A.U. covered by the series is represented 
by only 2 cm. on the photographic plate. The following figures 
are therefore not absolutely exact, although they are accurate 
enough for the present purpose. 
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TABLE I. 


Wave-lengths of the Blue Series Bands. 


Group IV. Group III. Group II. Group I. 
4595 4237—4252 3940 Strong bands. 
4990 4600—4615 4257—4278 3970—3980 Very strong bands, 
4645—4670 4307—4332 4010—4025 Strong bands. 
4705—4725 4342—4397 4045—4090 Broad, faint bands. 
4417—4437 4105—4130 Faint bands. 


4835 4465 4142 Sharp, narrow bands, 
4875 4505 4173 oo ~ 
4540 4197 Very faint bands. 
4565 4203 me - 


When, instead of wave-lengths, the wave-numbers of the bands 
are compared, a striking regularity in the series becomes apparent, 


TABLE II. 
Wave-numbers of the Blue Series Bands. 
Group I. Group II. Group III. Group IV, 

2538 178 2360 183 2177 

2519 170 2349 175 2174 170 2004 
2494 170 2324 171 2153 

2472 171 2301 175 2126 

2436 172 2264 

2414 175 2239 176 2063 

2396 176 2220 169 2051 

2383 189 2203 

2379 188 2191 


The italicised figures show the differences between corresponding 
bands in adjacent groups. In view of the difficulty of making 
exact measurements of the bands, it does not seem worth while 
at present to attempt to find any formula corresponding to the 
band-series; but the above table is sufficient to show that there 
is an obvious regularity among the bands. 

From the data given above it is evident that the blue series is 
built up from four groups of bands, the separate bands of each 
group having their congeners in the other groups. The wave- 
numbers of the bands show that corresponding members are situated 
at about 175 units from each other. This recalls the state of 
affairs in the benzene spectrum, where the same regularity was 
observed, although in that case the constant difference was 99 
units. 

It is intended, as soon as possible, to examine the bands of the 
blue series by means of a new spectrograph giving much larger 
dispersion in the visible; and it may then be possible to find some 
formula which will fit the complete blue series. 
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3. cycloHexane. 


In beginning this investigation of the influence exerted by sub- 
stitution upon the benzene spectrum, it seemed desirable in the 
first place to establish the fact that the benzenoid nucleus was 
necessary for the production of the regular emission spectrum which 
is yielded by benzene vapour. The complete reduction of the 
benzene ring alters the chemical character of the substance com- 
pletely ; and therefore it was of interest to examine the behaviour 
of cyclohexane under the Tesla discharge. When examined under 
a pressure of 1 mm. and at a temperature of 16°, cyclohexane—as 
was anticipated—showed no visible luminescence and produced no 
effect on the photographic plate. This conclusively establishes the 
fact that the six-membered ring-system in itself is incapable of 
yielding Tesla-luminescence; and therefore the origin of such 
luminescence in benzene and its substitution products is to be 
found in the peculiarities of the unsaturated nucleus or the side- 
chain. 


4. Toluene. 


Throughout a large part of the benzene spectrum, the bands are 
sharply delimited and stand out clearly on a dark background. 
Toluene, on the other hand, exhibits at 2—3 mm. pressure and 
16°, a continuous luminous background running from wave-length 
2682 to about 3440 and fading off at the long wave-length end of 
the spectrum. Upon this luminous background, the heads of 
twenty-three bands were observed, some of them very faint. 


TaBLe IIT. 

Wave-lengths of Bands in the Toluene Spectrum in the Ultra-violet. 
2682 2687 2693 2705 2713 2718 2726** 
2731 2742* 2747 2756 2760 2773 2785 
2791 2803** 2819* 2835 2852 2869 2886 


2903 2920 


Examination of the plates seemed to show that the bands marked * 
were similar in character, as also were those marked **. Taking 
this as a basis and using wave-numbers instead of wave-lengths, 
it has been possible to arrange the bands into four groups with a 
frequency difference of about 100 units between corresponding 
bands. Absolute uniformity cannot be expected, owing to the 
difficulty of reading the positions of some of the fainter bands on 
the plates. 


wa 
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TaBLE IV. 
Wave-numbers of Bands in the Toluene Spectrum in the Ultra-violet. 

3668 101 3567 102 3465 
3662 
3647 99 3548 103 3445 
3641 

3728 100 3628 100 3528 103 3425 

3721 98 3623 

3713 107 3606 99 3507 

3697 

3686 96 3590 

3679 96 3583 97 3486 


The italicised numbers give the differences between the corre. 
sponding bands in the different groups; and although the series is 
by no means complete, there seems to be sufficient evidence to 
make it probable that a regular series is present. 

In addition to the above bands in the ultra-violet-—which appear 
to represent a modification of the benzene spectrum—toluene 
showed also the three principal bands of the blue series and traces 
of some of the minor members. The blue series bands come out 
much better at higher pressures than at lower ones. They appear 
clearly on plates taken at 1 cm. pressure, whilst on some plates 
taken at pressures about 1°5 mm. they are entirely absent. 


5. Ethylbenzene. 


At 16° and under a pressure of 2—3 mm., ethylbenzene showed 
a continuous background between wave-lengths 2663 and 3370, 
fading off at the latter end into darkness. Indistinct heads of 
bands were visible at approximately the following wave-lengths. 


TABLE V. 
2691 2711 2725** 2740* 2787 2802** 2817* 


There is a darkening in the spectrum from wave-length 2876 to 
2887. The bands marked * and ** appear to be corresponding 
pairs; and by using this as a basis and taking wave-numbers as 
before, it is possible to arrange the bands into four groups. 


TaBie VI. 
Wave-numbers of Ethylbenzene Bands in the Ultra-violet. 
3669 100 3569 (3477—3463) 
3755 105 3650 100 3550 
3716 
3689 101 3588 


There is a close resemblance—amounting almost to identity— 
between these groups and certain of the bands in the toluene 
spectrum which were given in Table IV; and the constant frequency 
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difference is approximately 100 in both cases. Bearing in mind 
the difficulty of exact reading in the case of these spectra, it seems 
not unwarranted to suppose that there is a traceable relationship 
between the two spectra; and that both are modifications of the 
fundamental benzene spectrum. 

In addition to these bands in the ultra-violet region, ethylbenzene 
shows the three principal bands of the blue series and also traces 
of some of the others. 


6. Benzyl Alcohol. 


In the spectrum of benzyl alcoho] at 2—3 mm. pressure and 100°, 
there is a very faint continuous background lying between the 
wave-lengths 2800 and 3200. No definite bands are detectable in 
the ultra-violet region at all. 

The three main bands of the blue series make their appearance ; 
and some of the fainter bands in the series are also visible on the 
plate. 

7. Benzaldehyde. 

At 50° and under 2—3 mm. pressure, benzaldehyde showed no 
spectrum at all in the benzene region. 

Qn the other hand, the blue series was fully developed, all the 
bands recorded in Table I being clearly visible. Up to the present, 
benzaldehyde exhibits the most brilliant blue series of all the 
compounds we have examined. 


8. Ethyl Benzoate. 


At 100° and under 2—3 mm. pressure, ethyl benzoate shows no 
spectrum in the benzene region. The main bands of the blue 
series were present. 

All the foregoing spectra are shown in the photographs reproduced 
in Plate I and examination will reveal the broader differences 
between the various groupings better than verbal description can 
do. The relative intensities of the benzene region and the blue 
series region can be seen quite readily; and the varying brightness 
of the blue series is also clearly visible. 


9. Benzonitrile. 


Between 80° and 100° and under a pressure of 2—3 mm., benzo- 
nitrile showed a continuous luminous background running between 
the wave-lengths 2740 and 3490 and fading off into darkness at 
the end of greater wave-length. Indistinct bands were observable 
at the following wave-lengths: 2740*; 2774; 2818*; 2833; 
2853; 2902*; 2917. The three bands marked * appear to be 
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congeners; and by using them as a basis and taking wave-numbers 
instead of wave-lengths, it has been found possible to group the 
bands as shown below. 

TaBLE VII. 


Wave-numbers of Benzonitrile Bands in the Ultra-violet. 


3650 101 3549 103 3446 
3530 102 3428 
3605 101 3505 


Here, apparently, as in previous cases, the constant difference is 
approximately 100 units. 
Benzonitrile shows no trace of the blue series spectrum. 


10. Phenol. 


At 120° and 1—2 mm., phenol showed a spectrum consisting of 
a very faint continuous background lying between the wave-lengths 
2813 and 3720 and fading off like the other spectra at the end of 
greater wave-length. Two indistinct heads of bands were visible 
at wave-lengths 3178 and 3323; and in addition there were six 
very indistinct bands at the wave-lengths 2831; 2850; 2873; 
2900; 2918; and 2938. 

When the wave-numbers are taken, the last six bands can be 
arranged either into two groups with a constant difference of about 
80 units or into two groups with a constant difference of approxim- 
ately 105 units : 

TaBLeE VIII, 


Wave-numbers of Phenol Bands in the Ultra-violet. 


3532 84 3448 3448 

3510 83 3427 or 3532 105 3427 

3480 77 3403 3510 107 3403 
3480 


It is at present impossible to decide which of these is the more 
probable arrangement, owing to the fact that the spectrum as a 
whole is very faint (see Plate I) and thus even if further bands be 
present they cannot be delimited. 

The blue series of bands do not make their appearance in the 
phenol spectrum at all. 


11. Thiophenol. 


Thiophenol was examined at a temperature of 120° and 1—2 mm. 
pressure. No spectrum of the continuous type appeared on the 
plate; but four faint lines or thin bands appeared at the wave- 
lengths 3133, 3658, 4052, and 4354. These lines do not correspond 
to the members of the blue series, nor can they be identified as 
prominent air-lines. 
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12. Acetophenone. 


This was examined at 120° under 2 mm. pressure. The spectrum 
extends from wave-length 3822 to wave-length 4975. In place of 
the usual sharp bands of the blue series, acetophenone displays 
three broad bands which are indistinct at both edges. The faintest 
of the three occupies the region 3880—3967; the most marked one 
lies at 4140—4255; whilst the third, intermediate in intensity, is 
found between 4467 and 4573. These readings are very approximate 
ones, as no sharp heads or lines are visible in the spectrum. 


13. Aniline. 


Aniline, examined at 100° under 3 mm. pressure, shows a con- 
tinuous bright spectrum laying between wave-length 2970 and 
wave-length 4050, and fading off at both ends. On this continuous 
background there are faint indications of three bands lying at 
wave-lengths 3036, 3055, and 3072. 


14. Nitrobenzene, Chlorobenzene, and Benzyl Chloride. 


All three substances were examined under a pressure of 1—2 mm. 
Nitrobenzene and benzyl chloride were investigated at 100°; whilst 
for chlorobenzene the temperature was 16°. None of the sub- 


stances gave any photographable spectrum even with exposures 
up to an hour in length. 


15. The Origin of the Blue Series Bands. 


In considering the possible origin of the blue series bands, it will 
be best to proceed step by step and eliminate as far as possible 
some obvious suggestions which might be put forward to account 
for the phenomena. 

(a) The blue series bands are not due to the presence of traces of 
air in the apparatus. This seems to be established by the following 
facts. First, the spectrum is not the same as the spectrum of air 
under the same conditions. A comparison of the blue series and 
air bands has been made and the two have been found to be quite 
distinct from each other. 

(b) The blue series is not produced by carbon monoxide or carbon 
dioxide. The Tesla spectra of carbon monoxide and carbon dioxide 
have been examined; and it was found that they do not coincide 
with the blue series. Since the blue series to some extent resembles 
the Swan spectrum, the Swan spectrum wave-numbers were 
examined (Eder and Valenta, Sitzungsber. Akad. Wiss. Wien, 1910, 
119, IIa, 544). As can be seen from the table below, the Swan 
spectrum can be grouped into an arrangement giving a constant 
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difference of about 167 units, whereas in the blue series the difference § sinc 
is 175 units. 


TABLE IX. 


Wave-lengths of the Swan Spectrum. 


2135 
2291 162 2129 1805 
2287 166 2121 171 1950 160 1790 
2282 71 2111 175 1936 162 1774 


(c) The blue series does not arise from decomposition-oxidation, 
Since the blue series is exhibited by toluene and ethylbenzene, 
neither of which contains any oxygen in the molecule; and since, 
further, it is not shown by either phenol or aniline, which are easily 
attacked by external oxygen, it seems a reasonable inference that 
the blue series is not the result of oxidation. This evidence, in 
itself, would tend to show that the blue series and the Swan spectrum 
are not the same. 

(d) The blue series is connected with the benzene system. This 
appears quite clearly in the fact that with change from one substituent 
to another, the blue series may increase in brilliancy whilst simul- 
taneously the benzene region of the spectrum undergoes profound 
alteration. An examination of Plate I* will show this gradual 
alteration in the character of both regions simultaneously, the 
clean-cut bands of benzene being entirely deleted in the spectrum 
of benzaldehyde, where the blue series alone is shown. If the blue 
series were produced by any progressive oxidation, etc., it would 
be reasonable to expect the appearance of the original spectrum of 
the unaltered benzenoid type to be superposed on the blue series 
spectrum in every case. The actual results, however, seem to 
point to a close interrelation between the benzenoid system and 
the mechanism producing the blue series such that when one is at 
its best the other is reduced to impotence. From this it seems an 
obvious inference that the blue series is not due merely to the side- 
chain, but takes its rise in the molecular structure as a whole. 

(e) The blue series is not the benzene series projected into the visible 
region by the auxochromic action of the substituent. If the blue series 
were merely the vibration of the benzene nucleus slowed down by 
the substituent’s action, then it might be expected that the constant 
difference between the benzene bands would be retained in the blue 
series; and that the blue series, like the benzene series, would 
consist of seven band-groups. Neither of these assumptions 


* Plate I is intended to illustrate the difference in character between the 
spectra and not to show differences in intensity. For example, the benz- 
aldehyde spectrum is shown much brighter than it actually is in comparison 
with the benzene spectrum. 
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ference wincides with the experimental results. The constant difference 


in the benzenoid series is 99, whereas that in the blue series is 
approximately 175. There seem to be only four main groups of 
ands in the blue series as against seven groups in the benzene 
gries; and the alternation of strong and weak bands is not the 
ame in the two sets. 

(f) The benzenoid structure alone is insufficient to produce the blue 
ries. This is evident from the fact that benzene itself has no 
blue series bands in its spectrum. Further, the blue series is not 
exhibited by all mono-substitution products of benzene. 

From the foregoing, it seems clear that the blue series is not 
attributable to accidental impurity of the vapours in the cell; but 
is actually characteristic of the compounds themselves. It cannot 
be attributed to the side-chain alone or to the benzene nucleus 
pr se. The only remaining possibility is that the blue series 
oiginates in the molecular structure as a whole and that it is 
produced only by certain types of molecule. 


16. The Effect of Substituents on the Benzene Spectrum. 


The introduction of substituents into the benzene ring has in 
every case the effect of influencing the Tesla spectrum; and 
examination shows that substituent groups can be roughly divided 
into three classes according to their action. The first class contains 
those side-chains which have a saturated carbon atom directly 
attached to the ring.* Members of the second class have directly & 
attached to the benzene ring a non-carbon atom like oxygen. In 
the third class lie substituents like the nitro-group, which seem to 


be: exert a special influence upon the machinery which produces 
sat § luminescence in the benzenoid region. 
a So far as the first class is concerned, the progressive changes in 
mn the spectrum produced by substitution can readily be seen by 
comparing the numbers of bands detected in the spectra of a series 
‘ble | % compounds. Benzene itself exhibits fifty-two bands; the 
ies | ‘Pectrum of toluene contains only twenty-three; in ethylbenzene 
by and benzonitrile, the number is reduced to seven; whilst in benzyl 
int § *cohol the only trace of benzenoid character is to be found in a 
a faint continuous background upon which no bands can be dis- 
id § “guished. It is perhaps worth noting that this order of diminish- 
ie ing complexity in the spectrum corresponds roughly to the increasing 
weight of the side-chain, the various groups being Me = 15; CN = 
he 26; Et = 29; CH,-OH = 31. It may also be pointed out that 
rq in all these cases the introduction of the substituent group produces 


* The group —CH,Cl is an exception to this rule. 
VOL, CXXIII. 4D 
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a blurring of the benzenoid spectrum, with the production of a 
more or less bright continuous background. 

That the benzenoid spectrum retains some of its characteristics 
in these particular substitution products may be seen by examining 
the quantitative relations between the band-positions in the various 
spectra. It has been shown above that certain of the observed 
bands can be arranged into groups; and if this grouping be accepted, 
a series of constant differences can be detected between the wave. 
numbers of analogous bands. The following table shows the wave. 
numbers of the well-defined band-heads in the groups E, D, and C 
of the benzene spectrum and also the values of what appear to be 
corresponding bands in the spectra of the substitution products. 


TABLE X. 


Wave-numbers of corresponding Bands of Benzene and some 
substitution-products. 
Group E. Group D. Group C, 
Benzene 3554 3454 
Toluene 36 3567 3465 


Ethylbenzene j 3569 — 
Benzonitrile 5 3549 3446 


From these figures it is clear that in each of the four cases there 


is a constant difference of approximately 100 units between 
corresponding bands in consecutive groups; and that, for example, 
the toluene bands can be brought into coincidence with the benzene 
set by shifting the whole toluene spectrum about thirteen units 
towards the visible region. This suggests that the spectrum of the 
substitution-product is derived from that of benzene itself partly by 
blurring or obliteration of the benzene bands and partly by a slight 
shift of the whole spectrum by a few units either to right or left. 
Turning now to the second type of substituent, in which a non- 
carbon atom is directly attached to the benzene nucleus, it is found 
that this produces a fundamental change in the vibrational character 
of the system. Aniline shows a bright continuous background 
extending far further towards the visible region than the benzene 
spectrum stretches and having superimposed upon this only three 
extremely faint bands which cannot definitely .be identified as 
benzenoid in character. These bands are not shown on Plate I, 
as they are too faint for reproduction; but the plate shows at a 
glance that the aniline spectrum lies in a region different from that 
of benzene. Plate I also shows that the phenol spectrum occupies 
a position where no benzene bands are to be seen; and, as has been 
shown above, the seven very faint bands of the phenol spectrum 
cannot definitely be identified with the benzenoid system. Finally, 
in the case of thiophenol, the continuous spectrum fades out com- 
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jletely; and the only marks on the plate are four faint lines or 
ands which do not correspond to benzene vibrations. Now in all 
these cases, the atom directly attached to the benzene nucleus is 
werting a lower valency than the element is capable of exhibiting. 
In aniline, the nitrogen is tervalent, whereas nitrogen can show 
yuinquevalence; in phenol there is bivalent oxygen, but oxygen is 
apable of quadrivalence; whilst in thiophenol the sulphur atom 
exerting four valencies less than its possible maximum. It seems a 
sir inference that this latent affinity is the cause of the disturbance 
ifthe benzenoid vibration which is noticeable in these three cases. 

With the third class of substituent—the nitro-group, the chlorine 
itom, and the radicle CH,Cl a stage is reached in which all vibra- 
tion in the molecule seems to be inhibited. Nitrobenzene, chloro- 
enzene, and benzyl chloride exhibit no photographable spectrum 
adany kind. The carbethoxy-group, the aldehyde radicle, and the 
acetyl group also seem to stop the benzenoid vibration, but their 
influence is not so marked as that of the nitro-group, since ethyl 
benzoate, benzaldehyde, and acetophenone all show the blue series 
bands which are absent from the spectrum of nitrobenzene and its 
congeners. 


17. The Substitution Problem in the Spectra as a Whole. 


Hitherto the benzenoid and “blue” regions of the spectrum 
have been considered separately in order to simplify the matter; 
but it seems desirable now to indicate certain general relations 
which emerge when the whole range of the photographed spectrum 
is taken into account. The clearest method is to take up in turn 
some of the more influential substituents and examine their effects. 

In the first place, the nitro-group and a chlorine atom completely 
obliterate the whole emission spectrum; so that nitrobenzene 
yields no more than cyclohexane does. Now in the case of nitro- 
benzene there is definite chemical evidence tending to show that 
the introduction of the nitro-group produces a profound alteration 
of character in the benzene ring; the exceptional reactivity of 
the halogen atom in o-chloronitrobenzene is the commonest example. 
The presence of the nitro-group appears to deprive the ring of its 
normal aromatic character to a greater or less extent; and thus it 
is not surprising to find that nitrobenzene emits no spectrum 
whatever. 

The introduction of a hydroxyl group or an amino-radicle has 
less influence on the spectrum, for in these cases there is emission, 
although not in the precise region of the true benzene spectrum. 
Here again there is chemical evidence that the substituent alters 


the chemical character of the benzene nucleus, since both aniline 
4D2 
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and phenol are much more readily attacked by halogens than 
benzene itself. 

None of the foregoing substituents appears to have the power of 
exciting emission in the blue region. We now come to the cases 
of ethyl benzoate, benzaldehyde, and acetophenone, where the 
side-chain appears to inhibit the benzene vibration whilst at the 
same time producing emission in the blue region. In each of these 
cases there is a double bond in the side-chain, and the atom carrying 
the double bond is directly attached to the benzene ring. This 
group of compounds appears to form a connecting link between 
the non-carbon substituents and the hydrocarbons. The unsatura. 
tion in the side-chain allies them to the nitrobenzene type sufficiently 
to permit the extinction of the benzenoid vibration; whilst at the 
same time the grouping Ph-C brings them into line with toluene, 
which also gives the blue series. Benzonitrile is not a member of 
this intermediate class, since instead of a double bond it has a 
triple linkage on the carbon atom attached to the ring. 

A point of considerable interest in this group is the effect of 
replacing a hydrogen atom by a methyl radicle in the cases of 
benzaldehyde and acetophenone. As has been pointed out, this 
substitution produces a marked blurring of the sharp benzaldehyde 
bands in the blue region. Now in the final group of substituents, 
an analogous effect can be traced, though in their case the blurring 
takes place in the benzenoid spectrum. The exchange of a hydrogen 
atom for a methyl group in the case of benzene results, as has been 
mentioned above, in a decrease in the sharp bands from 52 to 23 
and a simultaneous development of a bright continuous background 
which can only be due to a blurring of the normal benzene spectrum. 
Further, the attachment of methyl, ethyl, or the group —-CH,°OH 
to the benzene ring leads to a development of the blue series with 
a simultaneous blurring and fading of the normal benzene spectrum, 
which seems to show that a declension in the one form of vibration 
goes hand in hand with a stimulation of the other. 

Now if attention be confined to those cases where there is no 
great store of residual affinity in the side-chain, it appears as though 
the weight of the substituent has a perceptible influence upon the 
results. An inspection of Plate I will show that the declension 
of the benzenoid spectrum occurs increasingly as we go up the 
series: toluene, ethylbenzene, benzyl alcohol; whilst benzyl 
chloride shows no trace of benzenoid vibration. This is exactly 
the order of weight of the substituents: Me=15; Et = 29; 
CH,°OH = 31; and CH,Cl = 49. Thus one factor in the problem 
appears to be the weight of the substituent group. The other 
factor, as has already been shown, is the residual affinity of the 
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atom next the benzene ring; and this second factor frequently 
outweighs the first when the production of the blue region spectrum 
is concerned. For example, the weights of the ethyl and aldehyde 
groups are identical; but whilst ethylbenzene shows a marked 
residuum of the benzene spectrum and only a faint blue series, 
benzaldehyde exhibits no trace of the benzenoid type and has the 
most brilliant ‘‘ blue ” spectrum of all the compounds yet examined. 

This constitutional factor is further shown in the cases of benz- 
aldehyde and ethyl benzoate. Both side-chains contain the carbonyl 
linking; but in ethyl benzoate the carbonyl radicle shows no true 
carbonyl character in its chemical properties. Despite the fact that 
the carbethoxy-group has a weight of 73 against 29 for the aldehyde 
group, the ester shows a comparatively feeble blue series. This 
shows conclusively that the chemical factor predominates over the 
mere weight of the group when the two are pitted against each other. 

In conclusion, attention may be directed to another matter. 
Kauffmann (Ber., 1901, 34, 682; “ Die Valenzlehre’’ p. 498; 
“ Beziehungen zw. physikal. Eigenschaften u. chem. Konstitution,” 
p. 405) endeavoured to trace a parallelism between visible Tesla- 
luminescence of compounds and their magneto-optical anomaly, 
that is, the difference between the observed and the calculated 
values for their magnetic rotations as compared with the same 
property for benzene, which is taken as a basis. According to 
Kauffmann, compounds showing negative anomalies exhibited no 
Tesla-luminescence ; whereas with a positive anomaly the intensity 
of the luminescence went hand in hand with the value of the 
anomaly. Kauffmann was working merely by eye; and all his 
experiments were made under atmospheric pressure, so that his 
results are scarcely comparable with our exact spectral measure- 
ments. But under the conditions employed by us, there is certainly 
no traceable parallelism between the magneto-optical anomaly and 
the type of spectrum which we have observed. The following table 
shows the matter clearly. 


TABLE XI. 
Magneto-optical Anomalies and Spectral Character. 

Compound. Anomaly. Spectrum. 
Nitrobenzene ...... — 2-15 Completely dark. 
BEER scisesccssenese — 0-66 Long, faint continuous. No blue. 
Ethyl benzoate .... — 0-38 No benzene spectrum. Marked blue. 
Chlorobenzene ... — 0-253 Completely dark. 
Benzonitrile ...... — 0-201 7 benzene bands. No blue. 
Benzaldehyde ... — 0-196 No benzene spectrum. Strong blue. 
WEED: evvsesesesse — 0-15 23 benzene bands. Feeble blue. 
BRODEONE 20606060000 + 0-00 52 benzene bands. No blue. 
Ethylbenzene ... -++ 0-084 7 benzene bands. Blue bands. 
Benzyl chloride... + 0-228 Completely dark. 
eens -+ 3-82 Bright continuous spectrum. No benzene 


bands. No blue, 
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It is obvious that there is no real parallelism in the two properties 
so far as these substances are concerned. Nor can any parallel be 
traced between the Tesla spectra and dielectric constant, magnetic 
double refraction, or optical anomaly. 


18. Summary. 


1. It was found that modification of the Tesla apparatus exer. 
cised practically no influence upon the spectra of compounds 
examined; from which it may be inferred that the spectra are 
characteristic of the compounds which produce them. 

2. Fourteen benzene derivatives have been investigated. cyclo. 
Hexane emits no spectrum. The monosubstitution products of 
benzene exhibit differences from each other according to the nature 
of the substituent. 

3. Total extinction of the spectrum is found in the cases of the 
nitro-group, a chlorine atom, or the group —CH,Cl. When the 
substituent is linked to the benzene nucleus through a non-carbon 
atom, the usual spectrum in the benzene region is obliterated com- 
pletely or else is replaced by a faint continuous spectrum. 

4. With the exception of benzonitrile and benzyl chloride, every 
compound containing the grouping Ph-C? exhibits a series of bands 
in the blue region of the spectrum; and the brilliancy of these 
bands varies with the nature of the substituent group. It is 
observed that increase in the intensity of this blue series goes 
hand in hand with the diminution in brilliancy of the benzenoid 
part of the compound’s spectrum; so that there is an evident 
relationship between the two. 

5. The entry of an alkyl group into benzene produces a more or 
less marked blurring of the sharp benzene system of bands; and 
a similar blurring of the blue series of bands is observed when an 
alkyl group replaces a hydrogen atom in benzaldehyde. 

6. The bands of the blue series are independent of the benzenoid 
series and cannot be considered as benzene bands which have been 
pushed up into the visible region by the auxochromic action of 
the substituent groups, since the two spectra are different in 
character and both of them may coexist in the spectra of certain 
compounds. 

7. It has been definitely established that the Tesla-luminescence 
spectra are highly constitutional in character, each compound 
yielding its own specific emission spectrum. Thus by the discovery 
of these spectra a new constitutional property of compounds has 
been brought to light and takes its place along with optical rotatory 
power, anomalous electric absorption, magnetic rotation, etc. 
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(CXL.—The Isomerism of the Oximes. Part XIII. 
Phenylethyl-, Diethyl-, and a-Naphthyl-Carbamyl 
Derivatives. 

By Oscar Liste Brapy and DupLry RIDGE. 


TuE formation of acyl derivatives of the aromatic aldoximes is a 
more complex reaction than appears at first sight, as isomeric 
change not infrequently takes place at the same time; that is, from 
an anti-oxime, there is formed a derivative which on hydrolysis 
gives a nitrile and therefore may be presumed to have the syn- 
configuration (compare Brady and McHugh, this vol., p. 1190). 
This change of configuration is capricious, and no underlying prin- 
ciple is at present apparent. 

When phenylcarbimide is added to an ethereal solution of an anti- 
oxime, in some cases a phenylcarbamy] (carbanilino)antialdoxime 
is obtained ; for example, from the three nitrocinnamantialdoximes 
(Brady and Thomas, T., 1922, 121, 2098); in others, from benzanti- 
aldoxime and m-nitrobenzantialdoxime, for example, a mixture of 
the anti- and syn-isomerides is formed (Brady and Dunn, T., 1916, 
109, 650); and in yet others a phenylcarbamyl-syn-aldoxime is 
produced, for example, from p-dimethylamino- and 3 : 4-dimethoxy- 
benzantialdoxime (Brady and Dunn, T., 1914, 105, 2874; 1916, 109, 
674). In the case of the carbethoxy-compounds, obtained by the 
action of ethyl chloroformate on the sodium salts of the anti- 
aldoximes, benzantialdoxime, m-nitro-, and p-dimethylamino- 
benzantialdoximes, for example, give anti-derivatives, whilst 
p-nitro-, p-methoxy-, and 3 : 4-methylenedioxy-benzantialdoximes, 
for example, give syn-derivatives (Brady and McHugh, loc. cit.). 
Finally, when the sodium salts of anti-oximes are acted upon by 
diphenylearbamyl chloride, syn-derivatives are invariably obtained 
(Brady and Dunn, T., 1913, 103, 1613). On the other hand, 
treatment of the anti-oximes with acetic anhydride at a low temper- 
ature invariably gives anti-derivatives. 

The present investigation was undertaken to ascertain whether 
steric hindrance effects were coming into play on account of the 
size of the group introduced. Consequently, phenylethylcarbamyl, 
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diethylearbamyl, and «-naphthylearbamyl compounds have been 
prepared. 

The phenylethylearbamyl and diethylearbamy] derivatives were 
prepared in a similar manner to the diphenylcarbamyl compounds 
(compare Brady and Dunn, loc. cit.), by heating the dry sodium salt 
of the anti-oxime in chloroform suspension with phenylethylcarbamy| 
chloride and diethylearbamy] chloride, respectively : 


RCH sypeer R-CH 
naoN +P RUNCOC > ppmn-co-onN 

The orientation of the compounds formed was determined by their 

hydrolysis : 

R:CH R:CH 

R’R"NCOON ~ HON 7 

77 (B’R’'N),CO + CO, + H,0 
R”R’”’N-CO,H 
s. R’R’’NH + CO, 

-— —> R’R’’N-CO,H + RCN —> R-CO,H 
N-0-CO-NR”R’” ? ail 
Considerable difficulty was experienced, however, with a number 

of oximes, as the products of reaction could not be obtained crystal- 

line, especially in the case of the diethylearbamy] derivatives, and 
consequently the number of examples is rather limited. With 
phenylethylearbamy] chloride, the sodium salts of benzantialdoxime 
and of m-nitro- and 3 : 4-methylenedioxy-benzantialdoximes gave 
the corresponding phenylethylcarbamylantioximes, whilst with 
diethylcarbamy] chloride the sodium salt of m-nitrobenzantialdoxime 
gave diethylcearbamyl-m-nitrobenzantialdoxime. On the other hand, 
the sodium salt of p-nitrobenzantialdoxime gave phenylethy!- 
carbamyl- and diethylcarbamyl-p-nitrobenzsynaldoximes with these 
reagents. Attempts to prepare derivatives of the syn-oximes by 
acting on their sodium salts were unsuccessful, except in the case 
of p-nitrobenzsynaldoxime, which, with phenylethylcarbamyl and 
diethylcarbamy] chlorides, gave the same compound as was obtained 
from the sodium salt of the anti-oxime. In other cases either an 
uncrystallisable oil was obtained, or the corresponding nitrile. 
These first results seemed partly to support the view that the 
diphenylcarbamylantialdoximes could not be obtained owing to the 
large diphenylcarbamy] group being unable to take up a position 
near to the phenyl group in the oxime. When, however, the action 
of «-naphthylearbimide on the oximes was investigated, it was 
found that anti-derivatives were invariably produced, even from 
p-dimethylamino- and 3: 4-dimethoxy-benzantialdoximes, which 
with phenylcarbimide give phenylcarbamylsynaldoximes, and from 
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pnitrobenzantialdoxime, the sodium salt of which with ethyl 
chloroformate, phenylethylearbamy]! chloride, and diethylcarbamyl 
chloride gives the corresponding syn-derivatives. In addition to 
the above oximes, the action of «-naphthylcarbimide on benzanti- 
aldoxime, m-nitro-, o-methoxy-, p-methoxy-, and 3 : 4-methylene- 
dioxy-benzantialdoximes has been studied. Careful search has been 
made to ascertain if any of the syn-isomeride was formed first and 
then transformed into the anti-compound, as in the case when 
phenylearbimide acts on certain anti-oximes, but no indication of this 
was obtained. 

a-Naphthylcarbimide reacts readily with ethereal solutions of 
benzsynaldoxime, 3 : 4-methylenedioxy-, p-methoxy-, m-nitro-, and 
p-nitro-benzsynaldoximes, giving the corresponding «-naphthyl- 
carbamylsynaldoximes. 

The «-naphthylearbamy] derivatives are rather more stable than 
the corresponding phenylcarbamyl compounds, those from the anti- 
oximes keeping fairly well in the dark, but the syn-derivatives 
decom pose in a few days and the odour of «-naphthylamine becomes 
apparent. It was not found possible, as in the case of some phenyl- 
carbamyl-synaldoximes, to convert the syn- into the anti-isomerides 
by boiling with solvents. Such treatment with alcohol results in 
hydrolysis, but boiling with benzene usually does not bring about 
isomeric change, although ingmost cases slight decomposition occurs, 
whilst in others the decomposition is more profound. 

On hydrolysis, the two series of compounds behave in a similar 
manner to the phenylearbamyl compounds. The anti-derivatives 
give the anti-oxime, «-naphthylamine, and «(-di-«-naphthyl- 
carbamide; whilst the syn-derivatives give the nitrile in place of 
the oxime, although this is usually hydrolysed further to the 
corresponding acid : 


R-CH R-CH 
> \ oH,,NH-CO,H. 
C,oH,"NH-CO-0-N HO-N lit as casi 
R:CH 
RC | gH;"NH-CO,H. 


C,9H,-NH’CO,H onal C,)H,NH, a COQ,. 
2C,9H,,-NH°CO,H — > (C,9H,*NH),CO + H,O + CO,. 
As the result of these experiments, it seems that the size of the 
substituting group is not the main factor that determines the 
configuration of the compound obtained. 


EXPERIMENTAL. 


In the fcllowing preparations, it is important to exclude moisture 


on account of its action on the carbamy! chlorides and «-naphthyl- 
4 p* 
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carbimide producing substituted carbamides, which, owing to 
their insoluble nature, are difficult to remove from the products; 
the ether and chloroform used must be dried. 

C.H;-CH 


Phenylet bamylb i } .—T 
nylethylcarbamylbenzantialdoxime, PhEtN:-CO- on The 


sodium salt of benzantialdoxime was prepared by adding a 
solution of 0°895 gram of sodium in the minimum amount of alcohol 
to an ethereal solution of 5 grams of benzantialdoxime. The 
precipitated sodium salt, washed with dry ether and rapidly dried by 
pressing it on a porous tile, was suspended in dry chloroform and 
72 grams of phenylethylearbamyl chloride were added. The 
mixture was boiled for four hours under reflux, cooled, the precipi- 
tated sodium chloride separated, and the solvent allowed to evaporate 
at room temperature. In this way, an oil was obtained which, on 
being cooled in a freezing mixture and scratched, slowly solidified. 
The product, after being pressed on a porous tile, crystallised 
from light petroleum in colourless, microscopic prisms melting 
at 74° (Found: N= 10°6. C,gH,,0,N, requires N = 10°4 per 
cent.). 

The phenylethylcarbamylbenzantialdoxime so obtained was 
hydrolysed by heating it on the water-bath for an hour with 2N- 
sodium hydroxide. The resulting solution, in which a solid was 
suspended, was cooled and filtered. The solid was washed with 
dilute hydrochloric acid, crystallised from dilute alcohol, and 
identified as «$-diphenyl-«$-diethylearbamide. The solution was 
extracted with ether and the ethereal extract evaporated, when an 
oil was obtained which was shown to be ethylaniline by conversion 
into its acetyl derivative. The aqueous solution was saturated with 
carbon dioxide, when benzantialdoxime separated as an oil of 
characteristic odour, and was identified, after extraction with ether, 
by conversion into the hydrochloride and into benzsynaldoxime. 
Since the compound gave benzantialdoxime on hydrolysis, the 
anti-configuration was assigned to it. 

Phenylethylearbamyl-3 : 4-methylenedioxybenzantialdoxime, 

CH,-0,.-CgHy°CH 

PhEtN:CO-O-N © 
—The sodium salt, prepared as above, from 6°8 grams of 3: 4- 
methylenedioxybenzantialdoxime was suspended in chloroform 
with 7:2 grams of phenylethylearbamyl chloride, and the mix- 
ture boiled under reflux for five hours. After the sodium 
chloride had been separated, the solution was evaporated at room 
temperature, and the oil obtained solidified by cooling in a 
freezing mixture and scratching. After being pressed on a porous 
tile, the compound was crystallised from acetone and water, when it 
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was obtained in colourless, microscopic prisms meliing at 109° 
(Found: N=91. C,,H,,0,N, requires N = 9°0 per cent.). 

On hydrolysis as above, the compound gave ethylaniline, «f- 
diphenyl-«$-diethylearbamide, and 3 : 4-methylenedioxybenzanti- 


aldoxime. ccs sade 
: : 7 2°Vetta Se 

Phenylethylcarbamyl-m-nitrobenzantialdoxime, PhEtN-CO- o-N ; 
The sodium salt, prepared as before, from 6°9 grams of m-nitro- 
benzantialdoxime was boiled in chloroform under reflux with 7:2 
grams of phenylethylcarbamyl chloride for twenty-four hours. 
The solution, after filtering and removal of the solvent, gave a solid 
which crystallised from acetone and water in yellow needles melting 
at 65° (Found: N = 13°5. C,,H,;0,N, requires N = 13°4 per cent.). 

On hydrolysis, as before, ethylaniline, «$-diphenyl-«$-diethyl- 
carbamide and m-nitrobenzantialdoxime were obtained. 

Phenylethylcarbamyl-p-nitrobenzsynaldoxime, 

NO."CgH,y CH 
N-O-CO-NEtPh 
—The sodium salt from 5 grams of p-nitrobenzantialdoxime in 
dry chloroform was boiled under reflux for twenty hours with 5°2 
grams of phenylethylearbamy] chloride. The pasty solid obtained 
from the solution in the usual way, after being pressed on a 
porous tile, crystallised from alcohol in long, yellow needles 
melting at 130° (Found: N = 13°7. C©,,H,;0,N, requires N = 
13°4 per cent.). 

When this compound was hydrolysed in the usual way, ammonia 
was evolved, and in the separation of the products no oxime was 
precipitated by carbon dioxide, but with hydrochloric acid p-nitro- 
benzoic acid was obtained, which, after crystallisation from hot 
water, was identified by the method of mixed melting points. The 
formation in the hydrolysis of, not the oxime, but the acid, a 
hydrolytic product of the nitrile, indicated that the compound 
possessed the syn-configuration. 

The same compound was obtained when the sodium salt of 
p-nitrobenzsynaldoxime, suspended in ether, was left in contact 
with phenylethylearbamyl chloride for four months in the dark. 
An attempt to prepare phenylethylcarbamyl-p-nitrobenzanti- 
aldoxime from the silver salt of the anti-oxime was unsuccessful, 
the only solid material which was obtained being «$-dipheny]l- 
«8-diethylearbamide. 

, - , , NO,C,H,CH _. 

Diethylcarbamyl-m-nitrobenzantialdoxime, Et,N-CO- on .—The 
sodium salt from 7 grams of m-nitrobenzantialdoxime was, sus- 


pended in chloroform, 5 ‘grams of diethylcarbamyl chloride were 
4D*2 
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added, and the mixture was boiled under reflux for twelve hours, 
After the sodium chloride had been removed and the solvent 
evaporated at room temperature, a solid and an oil remained; the 
former on separation was found to be m-nitrobenzantialdoxime, 
The oil was dissolved in ether, the solution dried with anhydrous 
sodium sulphate, and the ether removed, when a pasty solid was 
obtained. This was pressed on a porous tile, and after crystallis. 
ation from xylene formed colourless crystals melting at 80° (Found: 
N= 159. C,,H,,;0,N, requires N = 15'8 per cent.). 

The compound was hydrolysed by heating it on the water-bath 
with 2N-sodium hydroxide, when it dissolved completely. On 
saturating the solution with carbon dioxide, m-nitrobenzantialdoxime 
was precipitated. In this case no attempt was made to detect 
diethylamine or tetraethylearbamide. 

NO,-C,Hy CH 

N-0-CO-NEt, 
—The sodium salt from 5 gramsof p-nitrobenzantialdoxime suspended 
in chloroform, was boiled under reflux with 4 grams of diethyl- 
carbamyl chloride for ten hours. After filtration and removal of 
the solvent, the solid residue crystallised from acetone and water 
in microscopic, flat plates melting at 146° (Found: N = 164. 
C,.H,;0,N, requires N = 15:8 per cent.). 

On hydrolysis by the same method used with the m-nitro-com pound 
above, p-nitrobenzoic acid, but no oxime, was obtained, indicating 
the syn-configuration of the compound. 

The same compound was obtained when the sodium salt of 
p-nitrobenzsynaldoxime was left with a solution of diethylearbamy| 
chloride in ether for three days. 

Action of Phenylethylcarbamyl and Diethylearbamyl Chlorides on 
the Sodium Salts of other Oximes.—The sodium salt of p-methoxy- 
benzantialdoxime in chloroform suspension, on treatment with 
phenylethylearbamyl chloride and diethylearbamyl] chloride, and 
the sodium salts of benzantialdoxime and 3 : 4-methylenedioxy- 
benzantialdoxime, on treatment with diethylearbamyl chloride, 
gave uncrystallisable oils, which were not further investigated. 
6-Nitro-3 : 4-methylenedioxy- and 3-nitro-p-dimethylaminobenz- 
antialdoximes usually give derivatives of high melting point, but in 
this case, when their sodium salts were treated with the chlorides, 
no derivative was obtained, the oxime being ultimately recovered 
unchanged. 

Diphenylcarbamyl-p-methoxybenzsynaldoxime, 

MeO°C,H,CH 
N-O-CO-NPh, 
—The sodium salt prepared from 6:2 grams of p-methoxybenz- 


Diethylcarbamyl-p-nitrobenzsynaldoxime, 
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antialdoxime, and 10:4 grams of diphenylearbamyl chloride 
were boiled in chloroform for eight hours under reflux. After 
filtering, the solution was evaporated and the greenish-yellow 
product crystallised from acetone and water, when the diphenyl- 
carbamyl compound was obtained in colourless needles melting at 
143—144° (Found: N = 8:1. C,,H,,0,N, requires N = 8:1 per cent.). 

The compound was hydrolysed by heating it for an hour on the 
water-bath with 2N-sodium hydroxide. The solution was cooled, 
and the solid residue found to be a mixture of diphenylamine and 
tetraphenylearbamide. These were separated by washing the 
mixture with cold alcohol, in which the former was readily soluble 
and the latter practically insoluble. The solution on saturation 
with carbon dioxide gave no precipitate of oxime, but hydrochloric 
acid precipitated from it p-methoxybenzoic acid. 

CH GH mg 
C,,)H,-NH-CO-O-N 
a solution of 5 grams of benzantialdoxime in ether in a stoppered 
bottle, an ethereal solution of 7 grams of «-naphthylcarbimide was 
added. After an hour the crystalline precipitate was separated. 
Further crops of crystals were obtained after three hours and again 
after three days, but proved to be identical with the first crop. 
There was, therefore, no indication of the formation of the syn- 
isomeride (compare Brady and Dunn, T., 1916, 109, 654, for the 
action of phenylearbimide on benzantialdoxime). «-Naphthyl- 
carbamylbenzantialdoxime crystallises from acetone and water in 
microscopic, rectangular plates melting at 149° (Found: N = 9°5. 
C,gH,4O.N, requires N = 9°6 per cent.). 

The compound was hydrolysed by heating it for an hour on the 
water-bath with 2N-sodium hydroxide; at the end of that time the 
mixture was cooled and filtered. The solid residue was washed 
with dilute hydrochloric acid, crystallised from nitrobenzene, and 
found to be «(-di-a-naphthylearbamide,* whilst from the hydro- 
chloric acid washings, by the addition of alkali, «-naphthylamine was 
isolated. The filtrate was extracted with ether to remove dis- 
solved «-naphthylamine, and the alkaline liquid saturated with 
carbon dioxide, when benzantialdoxime was precipitated and 
identified in the usual way. 


a-Naphthylcarbamylbenzantialdoxime, 


* As this compound, which is a product of hydrolysis of the a-naphthyl- 
carbamyl derivatives of the oximes, has not been previously described, it 
has been prepared for the purpose of comparison. Twenty grams of a-naph- 
thylearbimide were boiled with water until no trace of oil remained. The 
solid formed was separated, and crystallised from boiling nitrobenzene; 
after being washed with alcohol and ether, a§-di-a-naphthylearbamide was 
obtained as a white, crystalline powder melting at 284° (Found: N = 9-3. 
C,,H,,ON, requires N = 9-0 per cent.). 
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C.H;-CH a) 

N-O-CO-NH‘C,,H, 
Three grams of benzsynaldoxime were dissolved in ether, and an 
ethereal solution of 4 grams of a-naphthylcarbimide was added. 
The «-naphthylearbamy] derivative was precipitated immediately, 
and after being well washed with dry ether was practically pure. 
Some difficulty is experienced in recrystallising the syn-derivatives, 
as they tend to decompose in hot solvents, and as the «§-di-«. 
naphthylearbamide formed is so very sparingly soluble, most of 
it separates out with the first crop of crystals. In this case, as had 
been previously observed where diphenylcarbamide was the impurity, 
the result of repeated recrystallisations is the isolation of the pure 
carbamide derivative. «-Naphthylcarbamylbenzsynaldoxime may, 
however, be crystallised by dissolution in warm benzene (the 
temperature must not exceed 25°) and precipitation by the cautious 
addition of light petroleum, when it crystallises in colourless, 
microscopic needles melting and decomposing at 105° (Found: 
N = 94. C€,,H,,0,N, requires N = 9°6 per cent.). 

The compound, after being kept for several days, acquired a 
pronounced odour of «-naphthylamine. The product was shaken 
with ether; the residual solid, after being washed with acetone to 
remove unchanged «-naphthylearbamylbenzsynaldoxime, proved 
to be «$-di-«-naphthylearbamide. The ethereal extract was washed 
with dilute hydrochloric acid, and from the acid solution «-naphthyl- 
amine isolated. The ethereal solution, having been dried and 
evaporated, gave an oil with the characteristic odour of benzonitrile, 
which on hydrolysis with concentrated sodium hydroxide solution 
gave ammonia and benzoic acid. The decomposition seems, there- 
fore, to follow the same lines as that of the phenylcarbamy] deriv- 
atives (compare Brady and Dunn, T., 1916, 109, 673). On boiling 
with benzene, the compound was decomposed into «-naphthylamine, 
af-di-«-naphthylearbamide, and benzonitrile. 

a-Naphthylearbamylbenzsynaldoxime was hydrolysed with 2N- 
sodium hydroxide in a similar manner to the anti-derivative, and 
the products were examined in the same way. «§-Di-«-naphthyl- 
carbamide and «-naphthylamine were isolated; carbon dioxide 
gave no precipitate of benzantialdoxime from the alkaline solution, 
but hydrochloric acid precipitated benzoic acid. 

a-Naphthylearbamyl-3 : 4-methylenedioxybenzantialdoxime, 
CH,-0,-CgHy-CH 
C,oH,“NH-C0-0-N 
—To a solution of 63 grams of 3: 4-methylenedioxybenzanti- 
aldoxime in ether in a stoppered bottle, an ethereal solution of 
7 grams of «-naphthylcarbimide was added. After two hours the 


a-Naphthylcarbamylbenzsynaldoxime, 
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precipitate formed was separated. On more prolonged keeping; 
further crops of crystals were formed which were, however, identical 
with the first lot. There appears, therefore, to be no indication of 
the formation of the syn-derivative. The product crystallised 
from acetone and water in colourless, rectangular plates sintering 
at 172° and melting at 224° (Found: N = 86. C,,H,,0,N, 
requires N = 8:4 per cent.). 

On hydrolysis and separation of the products in the usual way, 
a-naphthylamine, «f-di-«-naphthylcarbamide, and 3 : 4-methylene- 
dioxybenzantialdoxime were obtained. 

a-Naphthylcarbamyl-3 : 4-methylenedioxybenzsynaldoxime, 

CH.-0.-CgH3°C H 
N-0:CO-NH-C,,H, 
—This compound was immediately precipitated on mixing an ether- 
eal solution of 5 grams of 3 : 4-methylenedioxybenzsynaldoxime with 
one of 5°3 grams of a-naphthylcarbimide. It crystallises from 
acetone and water in colourless, rectangular plates melting at 118° 
(Found: N = 85. CygH,,0,N, requires N = 8°4 per cent.). 

On hydrolysis, «-naphthylamine, «$-di-«-naphthylearbamide, and 
3:4-methylenedioxybenzoic acid were produced. On boiling with 
benzene, the compound was not converted into the anti-isomeride. 
A certain amount of decomposition occurred, with the production 
of «8-di-x-naphthylcarbamide, but most of the «-naphthylearbamyl 
derivative was recovered unchanged. Boiling with alcohol resulted 
in decomposition to nitrile, etc. (compare Brady and Dunn, T., 
1914, 105, 2878). 

a-Naphthylcarbamyl-p-methoxybenzantialdoxime, 

Me0-C,H, CH 
C,9H,-NH:-CO-O-N 
—This was obtained by keeping a mixture of ethereal solutions of 2°7 
grams of p- -methoxybenzantialdoxime and 3°5 grams of «-naphthyl- 
carbimide in a stoppered bottle. Several crops of crystals were 
obtained, the first after one hour and the last after three days, but 
all were found to be identical. The compound crystallised from 
acetone and water in colourless, rectangular plates melting at 160° 
(Found: N= 90. Cj, 9H,,03N. requires N = 8°8 per cent.). 

On hydrolysis, «-naphthylamine, «f-di-«-naphthylcarbamide, and 
p-methoxybenzantialdoxime were obtained. 

a-Naphthylcarbamyl-p-methoxybenzsynaldoxime, 

MeOC,H,CH 
N-O-CO-NH‘C,,H, 
—This was immediately precipitated when ethereal solutions of 
3 grams of p-methoxybenzsynaldoxime and 3°7 grams of «-naphthyl- 
carbimide were mixed. The precipitate was collected and thoroughly 
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washed with ether; attempts at recrystallisation resulted in decom. 
position, but the method of preparation probably gave a pure 
compound. As precipitated, it consisted of microscopic, colourless, 
rectangular plates, melting and decomposing at 110° (Found: 
N= 89. C,,H,,0,N, requires N = 8°8 per cent.). 

On hydrolysis, it gave «-naphthylamine, «-di-«-naphthy)- 
carbamide, and p-methoxybenzonitrile. The last was isolated from 
the ethereal extract after removing the «-naphthylamine with acid, 
On keeping for a few days, the compound decomposes in the usual 
way. 

a-Naphthylcarbamyl-m-nitrobenzantialdoxime, 

N OnCgHy CH 
CioH,NH:CO-O-N © 
—This compound was obtained by keeping in a stoppered bottle a 
mixture of ethereal solutions of 3 grams of m-nitrobenzantialdoxime 
and 3°5 grams of a-naphthylearbimide. The crystals which formed 
were collected at intervals, but all proved to be the same. The 
compound crystallised from acetone and water in pale yellow needles, 
sintering at 168° and charring at about 206° (Found: N = 12°8. 
C,3H,,0,N, requires N = 12°5 per cent.). 

On hydrolysis, it gave «-naphthylamine, «$-di-«-naphthylcarb- 
amide, and m-nitrobenzantialdoxime. 

a-Naphthylcarbamyl-m -nitrobenzsynaldoxime, 

N O,°C,H,CH 
N-O-CO-NH°‘C,,H, 
—Ethereal solutions of 1°5 grams of m-nitrobenzsynaldoxime and 
1-7 grams of «-naphthylearbimide were mixed, and after half an hour 
the crystalline precipitate was separated and well washed with dry 
ether. The compound, which could not be satisfactorily crystallised, 
consisted of yellow needles melting and decomposing at 109° 
(Found: N = 12°6. C,,H,,0,N, requires N = 12°5 per cent.). 

On hydrolysis, it gave «-naphthylamine, «f-di-&-naphthylearb- 
amide, and m-nitrobenzoic acid; whilst after it had been kept for 
fourteen days, «$-di-«-naphthylearbamide and m-nitrobenzonitrile 
were isolated from the material. Boiling with benzene did not bring 
about isomerisation, but slight decomposition took place. 

NO,C,Hy CH 
C,9)H7;-NH-CO-O-N 
—Ethereal solutions of 1 gram of p-nitrobenzantialdoxime and of 
1:2 grams of «-naphthylcarbimide were mixed in a stoppered bottle 
and kept for thirty minutes. The crystals which separated were 
collected and the mother-liquor, on standing, deposited further 
crops, which, however, were all identical with the one first obtained. 
The derivative crystallised from xylene in microscopic, yellow 


a-Naphthylearbamyl-p-nitrobenzantialdoxime, 
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filaments, sintering at 197° and melting at 222° (Found: N = 12°7. 
C,gH j304N3 requires N = 12°5 per cent.). 

On hydrolysis, it gave «-naphthylamine, «$-di-«-naphthylcarb- 
amide, and p-nitrobenzantialdoxime. 

«-Naphthylearbamyl-p-nitrobenzsynaldoxime, 

NO,"CeH,yCH 
N-O-CO-NH-C,,H, 
—This compound was precipitated when ethereal solutions of 
15 grams of p-nitrobenzsynaldoxime and 1°8 grams of «-naphthyl- 
carbimide were mixed. It could not be recrystallised, but after 
being washed with ether, consisted of pale yellow needles, sintering 
at 178° and charring at 210° (Found: N = 12°8. C,,H,,0,N, 
requires N = 12°5 per cent.). 

On hydrolysis, it gave «a-naphthylamine, «-di-«-naphthy]l- 
carbamide, and p-nitrobenzoic acid. Boiling with benzene did not 
bring about isomeric change. 

a-Naphthylcarbamyl-o-methoxybenzantialdoxime, 

MeO-C,H,CH 
CioH,;;-NH:CO-O-N ~ 
—Ethereal solutions of 2-7 grams of o-methoxybenzantialdoxime and 
35 grams of «a-naphthylearbimide were mixed and kept in a stop- 
pered bottle. Precipitation, in this case, was slow, and after twelve 
hours the precipitate was collected and washed with ether. The 
compound crystallised from acetone and water in colourless needles, 
turning yellow on exposure to light, and melting and decomposing 
at 143° (Found: N=9'1. C,9H,,O,N, requires N = 8°8 per 
cent.). 

Hydrolysis gave «-naphthylamine, «-di-«-naphthylearbamide, 
and o-methoxybenzantialdoxime. 

a-Naphthylcarbamyl-3 : 4-dimethoxybenzantialdoxime, 

(MeO),CgH,*C H 
CioH,-NH:CO-O-N 
—Etherea] solutions of 1-6 grams of 3 : 4-dimethoxybenzantialdoxime 
and 1°75 grams of a-naphthylcarbimide were mixed and kept for 
fifteen hours. The precipitated derivative, after being washed with 
ether, crystallised from acetone and water in colourless needles, 
turning yellow on exposure to light, and melting and decomposing 
at 168° (Found: N=80. C,9H,,0,N, requires N = 80 per 
cent.). 
Hydrolysis gave the anti-oxime and the usual products. 
a-Naphthylcarbamyl-p-dimethylaminobenzantialdoxime, 
Me,N-C,H,CH 
CyoH7NH‘CO-0O-N — 


—Ethereal solutions of 15 grams of p-dimethylaminobenzanti- 
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aldoxime and 1°75 grams of a-naphthyicarbimide were mixed and 
kept for twelve hours. The precipitated derivative, having been 
washed with ether, crystallised from acetone and water in pale 
yellow, flat plates, darkening on exposure to light, and melting and 
decomposing at 151° (Found: N = 12°7. C,9H,,O,N, requires 
N = 12°6 per cent.). 


On hydrolysis, it gave «-naphthylamine, «-di-«-naphthylcarb. 


amide, and p-dimethylaminobenzantialdoxime. 


In conclusion, we wish to express our thanks to the Department 
of Scientific and Industrial Research for a grant which has enabled 
one of us (D. R.) to take part in this work. 


THE Ratpeo Forster LABORATORY OF ORGANIC CHEMISTRY, 
UnIvERsSITY CoLLEGE, LONDON. [Received, July 2nd, 1923.] 


CCXLI.—Triethylene Tri- and Tetra-sulphides. Part 
III. The Sulphones, Sulphinic and Sulphonic 
Acids of the Series. Extension of Stuffer’s Law. 


By Sir Prarutta CHanpRA RAy. 


THE preparation and properties of these cyclic polysulphides and 
their derivatives have already been described (T., 1920, 117, 
1090; 1922, 121, 1279). The compounds obtained by their oxid- 
ation and the hydrolytic decompositions undergone by these 
oxidation products form the subject of the present communication. 

It has been shown that all sulphones in which the sulphone 
groups are attached to two adjacent carbon atoms can be hydrolysed 
(Stuffer’s law, Ber., 1893, 26, 1125). Baumann and Walter (ibid., 
p. 1125) have found that diethylene disulphide yields diethylene- 
disulphone on oxidation with acid permanganate solution. This 
disulphone according to Stuffer’s law yields @-hydroxydiethyl- 
sulphone-8’-sulphinic acid on hydrolysis : 


CHH,<g9?> CoH + H,0 —> HO-C,H,-S0,-C,H,S0,H. 


The sulphinic acid contains a sulphone group between two carbon 
atoms and can be further hydrolysed in two different ways, thus: 


HO-C,H,°SO,°C,.H,'SO.H + H,O ee C.H,(OH), + C,H,(SO,H), 
a4 2a 2 2 


">>> 2C,H,(OH)-SO,H 


The result of oxidation and subsequent hydrolysis of triethylene 
trisulphide is exactly analogous. 
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and When triethylene trisulphide is oxidised with potassium per- 

been | manganate in acid solution, triethylenetrisulphone (I) is obtained, 

pale §f all the bivalent sulphur atoms in the ring becoming sexavalent. 

‘and §f If, on the other hand, the oxidation is carried out with nitric acid, 

tires f a compound with the formula (C,H,),8,0,,H,O is produced ; 
KMn0, HNO, 

ath. 1) GH ‘<S0" c iH >so, <— bet, e Ht ~~ ead 


S—-C,H 
C2H<so, C > S02. (II.) 


od only two of the three sulphur atoms become sexavalent, whilst the 
third one remains unchanged (vide infra). It is not easy to account 
for this absence of reactivity in one of the atoms of sulphur when 

1] all three are supposed to be symmetrically disposed with reference 

to the carbon atoms. 

Triethylenetrisulphone undergoes hydrolysis by means of baryta 

according to the following scheme : 

art Ba(OH), 

nie (I.) > baSO,°C,H,SO,°C,H,'SO,°C,H,OH 

Ww, 

(III.) baSO,°C,H,°SO,°C,H,OH -+- C,H,(OH)-SO,ba (TY). 
al Compound III has been isolated in a pure condition, but compound 
7 IV could not be obtained in a sufficiently pure state for purposes 
; d. of analysis. The disulphone sulphide (II) on similar treatment 
md with baryta yields two products, as shown below. 
yn. > baSO,°C,H,'S°C,H,"SO,°C,H,Oba (A) 
ne (IL) 

“4 "+ baS-C,H,S0,"C,H,S0,:'C,H,-OH : 


: \ 

is FB) S<(cHt oH,” (B0> Ba 4 BaS <— baS-C,H,S0,*C,H,-SO,ba + 
C,H,(OH), 

It will be observed that barium sulphide is produced in the course 


of this reaction. In fact, a continuous evolution of hydrogen sulph- 
ide took place during the removal of excess of baryta by means of 


" carbon dioxide. This could not have occurred if all the sulphur 
3 atoms of triethylene trisulphide had been converted into sulphone. 
)o Hence, one of the sulphur atoms must have been unacted upon 


during the oxidation with nitric acid.* Again, it is very difficult 
to offer any satisfactory explanation of the dibasic character of 


e * The oxidation products of ethylene sulphide described by Crafts (Annalen, 
1863, 125, 123) are evidently different from those described in this paper. 
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the compound (A). It might be assumed that the proximity of 
the sulphone group renders the hydroxyl group acidic, thus enabling 
the hydrogen atom of the hydroxyl to -be replaced by barium, 
Even if that is so, it is not clear why in $-hydroxydiethylsulphone. 
8’-sulphinie acid, a decomposition product of diethylenedisulphone 
(vide supra), a similar phenomenon is not observed. 

The 8- and y-triethylene tetrasulphides (loc. cit.) have also been 
similarly oxidised with nitric acid. Each of the sulphur atoms 
attached to two adjacent carbon atoms is oxidised to a sulphone 
group, whereas the linking between the two contiguous sulphur 
atoms is broken with the formation of a disulphonic acid. It may 
be mentioned here that another cyclic compound, ethylene disulph- 
ide, the product of oxidation of dithioglycol, behaves exactly 
similarly on oxidation with nitric acid; scission takes place at the 
linking between the two adjacent sulphur atoms, resulting in the 
formation of ethane-af-disulphonic acid, thus: 


C, <i Som, —> 2, HA< SO 
The oxidation of the @-tetrasulphide takes place according to the 
following scheme : 


C,H,(SO,°C,H,SO,H), 


$C,H,S 27 
a 9 4° ° 
. ama \é 
ey ; 
(8) S0,(C,H,'S0,H), 


It has been found that the same barium triethylenedisulphone- 
disulphonate is obtained by the oxidation and subsequent neutral- 
isation with barium carbonate of both the 8- and the y-variety. In 
the case of the 8-compound, the free acid further breaks down into 
diethylsulphonedisulphonic acid. 

By the oxidation of @- and y-triethylene tetrasulphides by means 
of potassium permanganate a tetrasulphone is obtained which 
forms a series of double salts with metallic sulphates. These will 
form the subject of a further communication. 


EXPERIMENTAL. 


Oxidation of Triethylene Trisulphide with Potassium Perman- 
ganate.—The trisulphide, suspended in a smali quantity of water, 
was treated with a concentrated solution of potassium permanganate 
and a few c.c. of dilute sulphuric acid. A vigorous reaction ensued 
with evolution of heat. The mass was cooled and the process 
repeated until there remained an excess of permanganate solution. 
The product was heated on the water-bath for three to four hours 
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to complete the oxidation, the manganese peroxide brought into 
solution by means of sulphur dioxide, and the sulphone, which 
remained insoluble, was collected, and crystallised from concen- 
trated nitric acid. It is insoluble in all the ordinary organic solvents 
and sublimes at a high temperature (Found: S = 34:25; C= 
493*; H=4:20. C,H,,0,8, requires S = 34°78; C = 26°08; 
H = 4°35 per cent.). 

The trisulphone was heated with an excess of baryta water until 
it dissolved, the solution was cooled, the excess of baryta removed 
by means of carbon dioxide, and the filtrate concentrated to a 
small bulk and treated with an equal volume of alcohol. A syrupy 
liquid was obtained which on keeping solidified to a crystalline 
mass. The solid was collected, washed with alcohol, and dried 
in a vacuum desiccator (Found: Ba = 25°42; S = 23°66. 
C,H ,,0495,Ba requires Ba = 25°42; S = 23°75 per cent.). 

The mother-liquor from the above salt was concentrated and a 
large volume of alcohol added to it. A viscous syrup was obtained, 
which solidified on keeping in a vacuum desiccator. This salt was 
extremely hygroscopic and could not be sufficiently purified for 
analytical purposes. 

Oxidation of Triethylene Trisulphide with Nitric Acid.—The 
trisulphide was heated with an excess of fuming nitric acid in a 
sealed tube at 100° for about an hour. The residue after evaporation 
of the nitric acid was dissolved in hot water, from which the tri- 
ethylenedisulphone sulphide crystallised in colourless, well-defined 
prisms.t It chars at about 250° (Found: C = 27:33; H = 4°76; 
§ = 37:09. C,H,.0,8;,,H,0 requires C = 27°48; H = 5°34; S= 
36°64 per cent.). 

The disulphone sulphide was heated with an excess of baryta 
water for about 15—20 minutes. Barium sulphide, sulphite, and 
carbonate were formed during the reaction. The excess of baryta: 
was then removed with carbon dioxide, the filtrate concentrated 
to a small bulk, and an equal volume of alcohol added to it. The 
white, crystalline salt that separated was collected and dried in a 
vacuum (Found: Ba = 34:16; S = 23°77. C,H,,0,S,Ba requires 
Ba = 34°42; S = 24:12 per cent.). The mother-liquor was further 
concentrated to a viscous syrup, which crystallised on keeping in 
a vacuum desiccator for a few days (Found: Ba = 23°89; S= 


* The substance sublimes at a high temperature. It is generally found 
that in such cases a trace of it escapes oxidation; hence the percentage of 
carbon found is a little too low. 

+ The experiment was repeated several times with identical results. In 
one instance, however, a small quantity of the insoluble sulphone (which is 
obtained in the case of oxidation with permanganate) was produced. 
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26°46. C,H,,0,8,Ba,3H,O requires Ba = 23:18; S = 27:07 per 
cent.). 

Oxidation of 8-Triethylene Tetrasulphide with Nitric Acid.—The 
tetrasulphide was heated with fuming nitric acid in a sealed tube 
at 100° for about an hour, the nitric acid was then completely 
evaporated off, and the residue heated under reflux with acetone, 
in which a part of it dissolved. The insoluble portion was dissolved 
in water, and the solution neutralised with barium carbonate and 
filtered. On concentrating the filtrate, a crystalline barium salt 
was obtained (Found: Ba = 26:48; S = 25-46. C,H,,0,S,Ba 
requires Ba = 26°92; S = 25°15 per cent.). 

The acetone solution was evaporated to dryness, the viscous 
residue dissolved in a small quantity of water, the solution neutral. 
ised with barium carbonate, and filtered. The filtrate on evapor- 
ation left behind well-defined, white crystals (Found: Ba = 32:89; 
S = 22:49. C,H,0,S8,Ba requires Ba = 32°85; S = 23-02 per cent.). 

Oxidation of y-Triethylene Tetrasulphide with Nitric Acid.—The 
oxidation was carried out in exactly the same way as in the case of 
the f-modification. The residue left after driving away the last 
traces of nitric acid was dissolved in water and neutralised with 
excess of barium carbonate. Twosalts wereformed. One remained 
in solution (A), whilst the other was precipitated along with the 
excess of barium carbonate. The insoluble mass was therefore 
treated with water; the extract on cooling gave a crop of barium salt 
(Found: Ba = 2549; S = 24:04. C,H,.0,9S,Ba,H,O requires 
Ba = 25°90; S = 24:10 per cent.). 

The solution (A) was concentrated and on being cooled gave 
crystals of a barium salt (Found: Ba = 26°35; S = 25-20. 
C,H,,0;9S,Ba requires Ba = 26°92; S = 25°15 per cent.). 

Oxidation of Ethylene Disulphide with Nitric Acid.—The oxidation 
was carried out in a sealed tube as before. After removal of the last 
traces of nitric acid, the syrupy residue was dissolved in water 
and neutralised with barium carbonate. The barium salt was 
precipitated from the concentrated solution by means of alcohol 
(Found : Ba = 42:26. C,H,0,S,Ba requires Ba = 42°16 per cent.).* 

* After the above investigation was ready for publication my attention 
was directed to a paper by Bennett (T., 1922, 121, 2144, footnote) in which 
the cyclic triethylene trisulphide, (C,H,),8;, mentioned in this paper is stated 
to be diethylene disulphide, (C,H,),S,, on the strength of the cryoscopic deter- 
mination of the molecular weight in benzene solution. The present author, 


however, has reasons to believe it to be cyclic triethylene trisulphide, and 
hopes to discuss the point critically in a subsequent communication. 


UNIVERSITY COLLEGE OF SCIENCE, 
CALCUTTA. [Received, January 23rd, 1923.] 
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(OXLII.—Condensation of Amidines with Ethoxy- 
methylene Derivatives of B-Ketonic Esters and of 
B-Diketones. 


By PRaFULLA CHANDRA MITTER and JOGENDRA CHANDRA 
BARDHAN. 


In the earlier syntheses of pyrimidine derivatives, the usual starting 
materials were amidines and £-ketonic esters or 8-diketones (Pinner, 
Ber., 1885, 18, 759, 2845; 1889, 22, 1600, 2609; 1893, 26, 2122; 
Gabriel, Ber., 1899, 32, 1525; 1904, 37, 3638); later, Wheeler, 
Johnson, and their co-workers prepared a large number of pyrimidine 
derivatives by condensing thiocarbamide with £-ketonic esters 
(Wheeler and Merrimann, Amer. Chem. J., 1903, 29, 478; Wheeler 
and Johnson, ibid., 1904, 34, 591, etc.). The action of amidines 
on ethoxymethylene derivatives of 8-ketonic esters and of 8-diketones 
does not, however, appear to have been systematically investigated. 

In the literature there are only a few instances of the employment 
of ethoxymethylene derivatives for pyrimidine formation. By 
condensing ethyl-y-thiocarbamide hydrobromide with ethyl ethoxy- 
methylenemalonate, Wheeler, Johnson, and Johns (Amer. Chem. J., 
1907, 37, 392) obtained ethyl 2-ethylthiol-6-oxypyrimidine- 
5-carboxylate, 


NH CO,Et NH-CO 
BSC + pro gHeCOOsEt —> EtS-C<y = Gy C-CO,Et, 


and by condensing ethyl ethoxymethylenecyanoacetate with 
ethyl-y-thiocarbamide, Johnson (ibid., 1909, 42, 505) obtained 
5-cyano-2-ethylthiol-6-oxypyrimidine. 

We have investigated the action of benzamidine and of p-tolu- 
amidine on ethyl ethoxymethyleneacetoacetate and on ethoxy- 
methyleneacetylacetone and have found that the reaction proceeds 
smoothly in every case, leading to the formation of pyrimidine 
derivatives according to the equation 


ZNH , EtO-CH , , 
RO<NH, + CoMe>CB’ —> RC<Nicye>OR 
where R = C,H, or C,H,Me and R’ = COMe or CO,Et. 

In extending the study of this reaction, it became necessary to 
investigate the action of amidines on ethyl ethoxymethylene- 
acetonedicarboxylate. The latter substance has already been 
obtained by Errera (Ber., 1897, 31, 1682) during the condensation 
of orthoformic ester with acetonedicarboxylic ester, but he does not 
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seem to have isolated it in a pure state. An attempt to purify 
the product described by him by distillation under diminished 
pressure having been unsuccessful, we next tried to condense 
benzamidine with the crude product itself, and obtained a small 
quantity of a crystalline product which could neither be purified 
nor be characterised with certainty. The condensation of benz. 
amidine with ethyl ethoxymethylenemalonate was next attempted, 
The product in this case proved to be identical in all essential 
respects with the phenyl-y-pyrimidonecarboxylic ester obtained 
by Ruhemann by the condensation of ethyl dicarboxyglutaconate 
and benzamidine (Ber., 1897, 30, 821). That the same compounds 
are formed by the condensation of ethyl dicarboxyglutaconate and 
of ethyl ethoxymethylenemalonate with benzamidine is borne out 
by the fact that p-toluamidine gives identical compounds with 
both substances. It may also be noted here that the action of 
hydroxylamine on ethyl dicarboxyglutaconate and on ethyl ethoxy. 
methylenemalonate gives rise to the same isooxazolone (Ruhemann, 
Ber., 1897, 30, 2032). If Ruhemann’s formula for the phenyl- 
pyrimidonecarboxylate mentioned above be correct, then the action 
of benzamidine on ethyl ethoxymethylenemalonate should be 
represented thus : 


CH:-NH 


It will be noticed, however, that the alternative mode of represent- 
ation (compare Wheeler, Johnson, and Johns, loc. cit.) leading to 
the formation of an «-pyrimidone derivative is by no means excluded, 
and we consider that further work will be necessary before the nature 
of these reactions can be definitely established. 


ie ae cur OO TE ee 
CO,Et-C< oor, + NH,> CPh > CO,Et-C< SCPh. 


EXPERIMENTAL. 
(A).—Pyrimidines from Ethyl Ethoxymethyleneacetoacetate. 


Condensation with Benzamidine: Formation of Ethyl 2-Phenyl- 
4-methyl pyrimidine-5-carboxylate, CPA Na CCOGEt. Sodium 
(0-5 gram) was dissolved in alcohol, and to the well-cooled 
solution benzamidine hydrochloride (3-2 grams) was added. 
Ethyl ethoxymethyleneacetoacetate (Claisen, Annalen, 1897, 297, 
16) (3-7 grams) was then gradually introduced, care being taken 
that no rise in temperature took place. The mixture, which assumed 
a rose-red colour, was gently boiled on the water-bath for an hour. 
On cooling, the condensation product separated in needles, which, 
purified in boiling alcohol with the aid of animal charcoal, crystallised 
in clusters of prismatic needles melting at 99—100°. The yield 
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was good (Found : C = 68-85; H = 5-91; N = 11-81. C,,H,,0O,.N, 
requires C = 69-41; H= 5:78; N= 11-57 per cent.). This 
compound, which dissolves with difficulty in cold alcohol and more 
readily on warming, is freely soluble in glacial acetic acid. It has 
basic properties and dissolves readily in concentrated hydrochloric 
acid. The solution gives a yellow chloroplatinate. 

Hydrolysis of the Ethyl Ester—The hydrolysis was readily 
eflected by heating the foregoing ester (2-4 grams) with alcoholic 
potassium hydroxide (0-7 gram) for four hours under reflux. The 
alcohol was then evaporated, the residue dissolved in water, filtered, 
and the filtrate acidified with dilute hydrochloric acid. The precipi- 
tate was collected, washed with water, and purified by crystallisation 
from alcohol. 2-Phenyl-4-methylpyrimidine-5-carboxylic acid melts 
at 243° with evolution of carbon dioxide. On account of the small 
quantity of the acid at our disposal, it could not be submitted to 
further examination (Found: N = 13:58. C,.H,)0,N, requires 
N = 13-08 per cent.). 

Condensation with p-Toluamidine : Formation of Ethyl 2-p-Tolyl- 
4-methylpyrimidine-5-carboxylate.—This condensation was brought 
about as in the preceding case. The product separated from alcohol, 
diluted with a few drops of water, in long, hair-like needles, some- 
what resembling glass-wool in appearance. It melts at 80° to a 
clear liquid and is soluble in ordinary solvents, more readily in 
alcohol or benzene and sparingly soluble in light petroleum (Found : 
N = 10-87. C,;H,g0,N, requires N = 10-93 per cent.). 

2-p-Tolyl-4-methylpyrimidine-5-carboxylic acid may be obtained 
from the ethyl ester by boiling with concentrated hydrochloric 
acid or more readily by means of alcoholic potassium hydroxide in 
the usual way. It crystallises from benzene in minute crystals 
melting with effervescence at 269° (Found: N = 12-5. C,,H,,0,N, 
requires N = 12-28 per cent.). 


(B).—Pyrimidines from Ethoxymethyleneacetylacetone. 
Condensation with Benzamidine : Formation of 5-Acetyl-2-phenyl- 


4-methyl pyrimidine, cPh<h ap >C-COMe.—The action of benz- 


amidine on ethoxymethyleneacetylacetone (Claisen, loc. cit., p. 57) 
takes place readily when solutions of sodium (1 atom) and of 
the hydrochloride of the base (1 mol.) in alcohol are mixed, 
the ethoxymethylene derivative (1 mol.) cautiously added, and the 
mixture heated on the water-bath in the usual manner. The 
condensation product which separates is collected, washed with 
water, and purified by two crystallisations from boiling alcohol. 
It separates in colourless, silky needles which melt at 107° (Found : 
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C = 72-96; H = 5-84; N= 13-48, C,,;H,,ON, requires C = 73-58: 
H = 5-66; N = 13-20 per cent.), 

The semicarbazone is precipitated when a solution of the ketone 
in dilute alcohol is mixed with an aqueous solution of semicarbazide 
acetate. The precipitate is collected, washed successively with 
alcohol and water, and finally crystallised from dilute acetic acid, 
It is obtained in slender needles which melt at 227—228° (Found: 
N = 25-67. C,,H,,ON, requires N = 26-02 per cent.). 

Condensation with p-T'oluamidine : Formation of 5-Acetyl-2-p-tolyl. 
4-methylpyrimidine—The mixture of ethoxymethyleneacetyl. 
acetone (3-1 grams), p-toluamidine (3-4 grams), and sodium (0-46 
gram) dissolved in alcohol, when boiled on the water-bath, deposits 
a solid after an hour’s digestion. The mixture is cooled, and the 
solid collected and washed with water in the usual way. 5-Acetyl- 
2-p-tolyl-4-methylpyrimidine separates from alcohol in long needles 
melting at 123—124° (Found: N = 12-72. C,,H,,ON, requires 
N = 12-39 per cent.). 

The semicarbazone, obtained in the usual way, is a sparingly 
soluble substance, but it can be crystallised very easily from dilute 
acetic acid. It melts with decomposition at 219°, distinctly 
sintering a few degrees lower (Found: N = 24-51. C,,H,,ON, 
requires N = 24-73 per cent.). 

Oxidation of 5-Acetyl-2-phenyl-4-methylpyrimidine : Formation 
of 2-Phenyl-4-methylpyrimidine-5-carboxylic Acid.—It was hoped 
that by employing an excess of potassium permanganate it would 
be possible to oxidise both the acetyl and the methyl group 
simultaneously, but under the conditions described below only a 
monobasic acid was obtained, the methyl group evidently remaining 
unaffected. To a gently boiling mixture of finely powdered 
5-acetyl-2-phenyl-4-methylpyrimidine (2 grams) and 150 c.c. of 
water a solution of potassium permanganate (7 grams) in 250 c.c. 
of water was gradually added during three to four hours. The 
whole was then boiled vigorously with occasional shaking, until 


the pink colour was discharged. The filtrate and washings from the § 


manganese precipitate were evaporated to a small bulk, again 
filtered, and acidified with dilute hydrochloric acid, when a white, 
amorphous solid (1-2 grams) was obtained; this was collected and 
recrystallised from alcohol or dilute acetic acid. It melted at 243° 
and was identified as 2-phenyl-4-methylpyrimidine-5-carboxylic 
acid by direct comparison with an authentic specimen (Found : 
N = 13-13. Calc., N = 13-08 per cent.). 
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(C).—Pyrimidines from Ethyl Ethoxymethylenemalonate. 


Condensation with Benzamidine: Formation of Ethyl 4-Keto- 
9-phenyl-1 : 4-dihydropyrimidine-5-carboxylate, 


N--CO., ,, 
CPh< HCH? C'COLEt. 


_The reaction is brought about by treating benzamidine hydro- 
chloride, suspended in slightly more than the calculated amount 
of sodium ethoxide solution, with ethyl ethoxymethylenemalonate 
(laisen, Joc. cit., p.'75) and digesting the mixture for about an 
hour: The alcohol is then removed by distillation, the residue 
dissolved in water, the solution filtered, and the condensation product 
precipitated with dilute hydrochloric acid. It crystallises from 
benzene in short needles melting at 212°. The substance thus 
obtained was identified by analysis (Found : N = 11-79. C,3;H,,03,N> 
requires N = 11-47 per cent.) and by direct comparison and by the 
melting point of its mixture with a specimen obtained from benz- 
amidine and ethyl dicarbethoxyglutaconate (see next section). 

Condensation with p-Toluamidine: Formation of Ethyl 4-Keto- 
2-p-tolyl-1 : 4-dihydropyrimidine-5-carboxylate-—This condensation 
was carried out in a manner analogous to the one just described, and 
gave a quantitative yield of the pyrimidinecarboxylate. This 
compound is sparingly soluble in most solvents and crystallises 
with difficulty from methyl alcohol. It also dissolves in a large 
excess of boiling toluene, from which it is obtained in short, colourless 
needles melting at 249—250° (Found: N = 11-08. C,,H,,03;N, 
requires N = 10-85 per cent.). 

The hydrolysis of the ethyl ester described above can be best 
effected by treating it with an excess of boiling alcoholic potassium 
hydroxide for five hours on the water-bath. The acid is purified 
in dilute acetic acid with the aid of animal charcoal, and crystallises 
in prismatic needles which melt at 281° with rapid evolution of 
gas (Found: N = 12-45. C,,.H,)0,N, requires N = 12-17 per cent.). 

4-Keto-2-p-tolyl-1 : 4-dihydropyrimidine is obtained when the 
carboxylic acid (4 grams) described above is heated at 290° for ten 
minutes. The product, which solidifies on cooling, is extracted with 
boiling alcohol, the alcohol evaporated, and the residue treated in 
benzene solution with animal charcoal. It separates from the 
filtered solution in colourless, glistening needles melting at 212—213° 
(Found: N = 15:16. ©,,H,,ON, requires N = 15-05 per cent.). 


(D).—Action of Amidines on Ethyl Sodio-«y-dicarboxyglutaconate. 


In order definitely to establish whether ethyl ethoxymethylene- 
malonate and ethyl «y-dicarboxyglutaconate react with amidines 
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on similar lines, we have brought within the limits of the present 
investigation the action of amidines on the latter ester. The 
ethyl sodio-«y-dicarboxyglutaconate required for these experiments 
was obtained by the excellent method of Ingold and Perrin (T, 
1921, 119, 1591). 

Action of Benzamidine.—The action was brought about accordin 
to the prescription given by Ruhemann (Ber., 1897, 30, 1488) 
The product after crystallisation from benzene melted at 214° and 
was found to be identical with the substance obtained from ethyl 
ethoxymethylenemalonate (Found: N = 11-45. Cale., N = 1147 
per cent.). 

Action of p-Toluamidine.—This condensation took place on mixing 
a suspension of the yellow sodium compound of ethyl «y-dicarboxy. 
glutaconate (7 grams) with p-toluamidine hydrochloride (31 grams) 
dissolved in alcohol, adding an aqueous solution of potassium 
carbonate (1-7 grams), and heating the mixture on the water-bath 
for an hour. After cooling, the solution was acidified with dilute 
hydrochloric acid and the condensation product was collected, 
thoroughly washed with water, and dried. It was crystallised from 
a large excess of boiling toluene, from which it separated in short 
needles melting at 249—250°, and was thus identical with the 
ethyl 4-keto-2-p-tolyl-1 : 4-dihydropyrimidine-5-carboxylate de- 
scribed above (Found: N = 11-01. Calc., N = 10-85 per cent.). 

UNIVERSITY COLLEGE OF SCIENCE, 

CALCUTTA. [Received, April 16th, 1923.] 


CCXLITI.—The Calorific Value of Carbon Compounds. 
By Duvirrt Konovatov. 


I. Homologous Series. 


THIS investigation discusses the relation of the respective net 
calorific values of carbon compounds to the amounts of oxygen 
required for their complete combustion. The net values are 
calculated from the experimentally determined, molecular, gross 
calorific values by deducting the heat evolved by the condensation 
of the water vapour formed during the combustion.* If Q and P 
represent, respectively, the gross and the net calorific value in 


* Prof. Konovalov appears to have employed the value of the latent heat 
of water vapour at 25°, calculated by Regnault’s formula L, = 606-5 — 0-695t. 
This gives at 25°, L, = 589-1 gram-calories. As 1 gram of hydrogen on com- 
bustion yields 9 grams of water vapour, the heat evolved on condensation of 
the water vapour produced per gram of hydrogen is equal to 5-302 kilogram- 
calories. 
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Present ii jijogram-calories, h the number of hydrogen atoms in the molecule 
. Theil if the substance, » the number of oxygen atomis required for com- 
TMents# sete combustion per molecule of the substance, and 7 the net 
™M (TB lorific value per atom of this oxygen, then 


nding P = Q— 53h = nz. 


1488) § In the cases of saturated hydrocarbons represented by the 
4° and formula CyHyn,., liquid cyclic hydrocarbons C,Hn, alcohols 
ethyl Hi (yHony20, and liquid amines CrHyn-;;NH,, the value of 7 is 

11-47 & constant to within a few tenths of 1 per cent., and equal to 48°8. 

Therefore 
ixing P=488n ...--. + () 
boxy. Applied to the case of the combustion of carbon represented by 
rams) H+ 0, = CO,, for which n= 2, equation (1) gives P = 97°6 
‘SIUM # \¢..cals., in close agreement with the value 97°3 found by Berthelot 
‘bath and by Thomsen for amorphous carbon. 
lute Equation (1) affords values of P, and hence of Q, in very 
cted, FF close agreement with the experimentally determined calorific 
from § values of carbon compounds.* In its application to substances 
hort containing oxygen, regard must be paid to the following consider- 

the f ations. In the case of compounds, for example, oxalic acid, in 

de- B which the oxygen is linked with carbon, the value of m is equal 

t.). [ito the number of additional atoms required for complete com- 

bustion. Thus in the case of oxalic acid » = 1. In the case of 

.] compounds containing nitrogen, for example, nitro-compounds, in 

which oxygen is not directly linked with carbon, the oxygen atoms 

contained in the molecule of the compound retain their energy in 

ds, | the latter, and their number is to be added to the additional number 

of oxygen atoms required for complete combustion, in determining 
the value of n to be substituted in (1). 

If X represent the positive or negative deviation of the experi- 
mental value from the value of P calculated by (1), we may write 
en § accurately 

P=488ntX ..... = (2) 
ss | X is termed the thermal characteristic of the corresponding com- 
om § pound. When X = 0, the calorific value is of normal level. 

P In homologous series of carbon compounds, corresponding to a 
in — constant difference of molecular composition, represented by CHg, 
between adjacent members, physical properties change by equal 


at 

P * Considering the combustion of ethane represented by the equation 

f 2C,H, + 70, = 4CO, + 6H,0, 

- h=6, n= 7, and therefore Q = (48:8 x 7) + (5:3 x 6) = 373 kilogram- 
calories, in agreement with the values, 370 and 372, found by Thomsen and 
Berthelot, respectively. 
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increments or decrements in passing from one member to the next, 
The difference in the molecular heats of combustion of adjacent 
members, experimentally determined, is found to be 155—158 
kg.-cals. It follows from equation (2) that 


Py — Py = 48°8 (ny — my) + X, — X1, 


the subscripts 1 and 2 referring to respective members in the series, 

For adjacent members, n. — n, = 3, corresponding to the three 
atoms of oxygen required for the complete combustion of CH,, 
and therefore, the thermal characteristic being assumed constant 
throughout the series, 


P, — P, = 48'8 x 3 = 146-4, and Q, — Q, = 146 + (5°3 x 2) = 157, 


in close agreement with the experimental values. A more correct 
value of the latter is obtained by considering the experimentally 
determined calorific values of remote members of the series, and 
calculating the average value of Q, — @, for adjacent members 
throughout the series. This method being applied to series for 
which the thermal characteristic has any value, zero, positive, or 
negative, it is found, corresponding to CH, throughout such series, 
Q. — Q, = 157 + 0°5. The conclusion may therefore be drawn 
that in a homologous series the thermal characteristic of the 
eompounds constituting the series is constant. 

If equation (2) be written in the form + = P/n = 48°8 + X/n, 
it will be seen that in a homologous series (X = constant) the 
difference between the experimental value of r and 48°8 is smaller 
the greater the value of n, that is, the greater the molecular weight 
of the substance. It is to be anticipated, therefore, that the most 
accurate value of the thermal characteristic of a homologous series 
is that calculated from experimental data referring to members of 
the series having small molecular weights. 

The thermal characteristics of certain homologous series have 
been determined by calculating the mean value of the character- 
istics afforded by experimental data referring to the first three 
members of each series in the same physical state—gaseous, liquid, 
or solid. In the case of a transition from one state to another, 
for example, in the fatty acid series, in passing from members 
below C,H,,0,, which are liquid, to higher homologues which are 
solid, there is a discontinuity in the value of Q, — Q, for adjacent 
homologues in the transition region, but a constant value, equal 
to 157, is obtained by calculation from values of Q appropriate to 
members both below and above this region. 

The following values of X (correct within the limit of experi- 
mental error, which is a few tenths of a unit) have been calculated 
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fom the experimental data available for the respective homo- 
jgous series : for acetic acid and its liquid homologues, X = — 6; 
for acetone and its homologues, X = -+ 6; for the solid homologues 
of acetic acid, their amides, and the solid homologues of malonic 
aid, X — — 12; for acetaldehyde and its homologues, X = + 12; 
for acetonitrile and its homologues, X = + 18. Itis to be observed 
that the values of X found are in all cases simple positive or negative 
multiples of 6. This result made it appear desirable to determine 
the values of X in other series of compounds. These are referred 
to below. 
II. Saturated Compounds. 

The thermal characteristics given above refer to compounds 
containing not less than two atoms of carbon in the molecule. 
Data referring to the simplest representative of homologous series 
containing only one atom of carbon are shown in Table I, in which 
are given the experimentally determined values of Q and those 
calculated, assuming X = + 3 in the respective cases. 


TABLE I. 

Substance. Formula. x. Q (cal.). Q (obs.). 
Methane (gas) ........seeeee. CH, —3 213-4 213-3 
Methyl alcohol (liquid) ... CH,O +3 170-6 170-7 
Formic acid (liquid) ......... CH,O, +3 62-4 62-6 
POTINAMIGS. ..0000005s0scc0essse CHO-‘NH, -—3 134-9 135-0 


Values of Q, observed, and calculated assuming X = + 3—a 
value in agreement with the values of X previously calculated for 
homologous series containing not less than two carbon atoms— 
are seen to differ only very slightly. In the passage from a com- 
pound containing one carbon atom to the next member of the 
homologous series there is a discontinuity in the value of X. This 
is especially characteristic of the alcohol and the acid, for both 
of which X = + 3. In the passage from methyl alcohol to ethyl 
alcohol, the adjacent member of the homologous series of alcohols, 
for which X = 0, the thermal characteristic undergoes a decrease 
of 3 units, whilst in the corresponding case of the passage from 
formic to acetic acid, the decrease is from + 3 to — 6, a fall of 
9 units; in each case, the substitution of the methyl group for a 
hydrogen atom linked with carbon produces a result proportional 
to the number of valencies of carbon satisfied by oxygen. There 
occurs a supplementary production of heat due to oxygen atoms 
the valencies of which are already satisfied and which are not 
directly influenced. 

The same kind of discontinuity occurs in the transition from 
aldehydes to ketones. If the methyl group be substituted for the 
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hydrogen atom of the aldehydo-group, the thermal characteristic 
will decrease from X = 12 for the aldehyde to X = 6 for the 
ketone, the decrease again corresponding to the number of valencies 
of carbon satisfied by oxygen. A further substitution of methyl 
for hydrogen can occur outside the group containing oxygen, 
whereby the homologues of acetone with the constant thermal 
characteristic, X = 6, are obtained. The homologous series in this 
case begins with a compound containing three atoms of carbon. 

Among compounds containing nitrogen, the nitriles and amides 
will be considered. Hydrogen cyanide, containing one carbon 
atom, is the simplest representative of the former. Experimental 
and calculated values of Q, and the respective values of X, for three 
gaseous nitriles are given in Table II. 


TABLE II, 


Substance. 3 Xx. Q (cale.). @ (obs.). 
Hydrogen cyanide 33 160-3 159-7 
Cyanogen 2 66 261-2 262-3 
Trimethylamine 33 593-1 593-7 


Here a very large thermal characteristic, X = 33, corresponds 
to each atom of nitrogen. Substitution of an alkyl group for the 
hydrogen atom in hydrogen cyanide leads to the homologous 


series of liquid nitriles, for which, as mentioned on p. 2187, X = 18, 
The heat of condensation of hydrogen cyanide (approximately 6) 
being taken into account, the thermal characteristic of liquid 
hydrogen cyanide is found to be 27, so that here again, as in the 
case of formic acid, the substitution of methyl for hydrogen results 
in a decrease of X by 27 — 18 = 9 units. A similar decrease occurs 
in the case of the amides. Thus for formamide, X = — 3, whilst 
for the homologues X = — 12. In this case it is to be noticed 
that the decrease accompanies a change of state, for the data 
relating to the amides, commencing with acetamide, all refer to 
the solid state. 

The possible suggestion that the high value of the thermal 
characteristic (X = 33) in the case of hydrogen cyanide is attribut- 
able to the triple linking between carbon and nitrogen is untenable, 
for the same high value occurs with trimethylamine, in which 
nitrogen is linked with three separate carbon atoms. The increas- 
ing influence of such linking is evidenced when methyl is substi- 
tuted for hydrogen linked with nitrogen. In the case of the 
amino-acids, this substitution results in the thermal characteristics 
acquiring zero or negative values. Thus in the case of sarcosine, 
the observed value of Q = 401'1 corresponds with X = 0, whilst 
in the case of alanine (Q = 389°7), X = — 12. In the case of 
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theobromine, containing two N:CH groups, X = 24, whilst for 


eTistic 
© the § cafleine, with three such groups, X = 36. 
encies | ~The maximum effect of the linking of nitrogen with carbon, in 


ethyl increasing the value of X, occurs in the case of the carbylamines. 
ygen, jj In the simplest of these, methylcarbylamine, according to the 
srma] f@ modern view of its structure, five nitrogen valencies are linked with 
1 this carbon atoms. From data relating to the homologous series, 


commencing with ethylcarbylamine, it is found that X = 40. 


n. 
nides | Heats of combustion of members of the series, calculated by 
thon employing this value of X, agree with experimental values to 
antal | within 0°3 per cent., except in the case of methylcarbylamine, for 
hree | which the difference is 1:25 per cent. The increase of X from 18 
in the case of the nitriles to 40 in the case of the carbylamines is 
attributable to the two additional nitrogen valencies linked with 
carbon in the latter case. 
). The dibasic acids, polyhydric alcohols, and certain carbohydrates, 
7 for which very accurate determinations of calorific value have been 
made, will now be considered. Among the dibasic acids a true 
homologous series is to be found in the substituted malonic acids, 
nds | beginning with methylmalonic acid and ending with octylmalonic 
the @ acid, all of which are solid and for which the calorific values of 
ous f@ 2djacent members in the series differ by 157. For these, the 
18, respective experimental values of calorific power agree perfectly 
6) §f with those calculated by equation (2), assuming X = — 12, as 
uid @ in the case of the solid homologues of acetic acid. This value of 


X is, however, not applicable to malonic acid itself, neither to other 
acids of the same general formula, CyHgn_,0,, and of similar 
structure. For oxalic acid, the simplest of these, X =0; for 
malonic acid, X = — 9; and for succinic acid, X = — 18. In the 
transition from formic acid to acetic acid already considered 
(p. 2187), it was seen that X changes from -+- 3 to — 6, a decrease 
of 9, after which it remains constant for subsequent homologues. 
In the present case, however, the thermal characteristic decreases 
from 0 in the case of oxalic acid to — 18 for succinic acid in two 
steps of — 9 and thereafter remains constant at this value X = — 18 
for the series of compounds commencing with the one containing 
four carbon atoms and not two as in the case of acetic acid. On 
the assumption that X = — 18, the values of @ have been calcu- 
lated for succinic and sebacic acids, for purposes of comparison 
with the respective experimental values. For succinic acid, 
Q (calc.) = 355°4, Q (obs.) = 355°6; for sebacic acid, Q (cale.) = 
1297°4, @(obs.) = 1297°7. Calculated from these values, the 
corresponding difference in the molecular heats of combustion of 
adjacent members of the series is found to be 157, as for a homo- 
VOL. CXXII, 4z 
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logous series. The series, however, is not truly homologous, but 
can be regarded as produced by the combination of molecules 
of monobasic acids; thus : 


The transition from monobasic to dibasic acids is accompanied by 
a change of state from liquid to solid. On the assumption that 
this corresponds to a decrease of 6 in the thermal characteristic, 
as in the case of homologues of acetic acid, it is found that for 
oxalic acid X = 3+ 3—6=0; for malonic acid, X = 3 — 6 — 

= — 9; for succinic acid, X = — 6 —6 — 6 = — 18; and for 
subsequent members, X = — 18, in agreement with the values 
already referred to. 

In similar manner the values of X for certain nitriles have been 
determined. For gaseous cyanogen, X = 66, twice the value 
corresponding to hydrogen cyanide. For the liquid nitrile of 
malonic acid, X = 27 + 18 = 45, whilst for the liquid nitrile of 
succinic acid, X = 18 + 18 = 36. The corresponding calculated 
and observed values of the respective molecular heats of com- 
bustion are: for the liquid nitrile of malonic acid, Q (calc.) = 397°2, 
Q (obs. for solid nitrile) = 395°6; for the liquid nitrile of succinic 
acid, Q (calc.) = 545°2, Q (obs.) = 546°3. 

The polyhydric alcohols to be considered contain an equal number 
of hydroxyl groups and carbon atoms and have the general formula 
CrHoni20n. Applying to the simplest of them, ethylene glycol, 
the same method of calculation as that used in the case of the 
dibasic acids, that is, considering ethylene glycol as being produced 
by the aggregation of molecules of methyl alcohol, one finds for the 
glycol the value X =3+3=6. Using this value of X, the 
calculated value of @ for ethylene glycol is found to be 281°8 kg.-cals., 
which agrees well with the experimental value, 282:2. Other 
values of X can be calculated from the differences of the molecular 
heats of combustion of adjacent members of the series, which 
differ in molecular composition by CH,O, representing a heat of 
combustion equal to 108:2 kg.-cals. If values of Q, — Q, are 
calculated from the experimental data for members of the series 
CnrHon+20n from n = 2 up to n = 7, they will be found to range 
from 107°3 to 108°5 in the case of three pairs of adjacent members, 
in close agreement with the value 108-2 just referred to, whilst in 
the case of two pairs of adjacent members the values of Q, — Q 
will be found equal to 115°1 and 115°7, respectively, these values 
being greater than the theoretical value by approximately 6 units. 
It is seen, therefore, that in this series again, commencing with 


nits. 
with 
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ethylene glycol, for which X = 6, the thermal characteristic has 
a series of values, namely, 6, 12, and 18, which are multiples of 6. 
Applying, therefore, in equation (2) the respective values X= 6 
for members of the series containing two carbon atoms, X = 12 
for members containing three, four, or five carbon atoms, and 
X = 18 for members containing six or seven carbon atoms, one is 
able to calculate values of Q for the respective members which are 
in very close agreement with experimental results. Values of X 
for members of the series containing » carbon atoms are given by 
X = 3n when 7 is even, as in ethylene glycol, erythritol, and 
mannitol, and by X = 3n + 3 when » is odd. 

Passing to glucose from the corresponding alcohol, CgH4,406g, 
a further increase of 6 occurs in the value of X, so that for glucose 
X= 24. A further increase, due to combination of two glucose 
molecules accompanied by loss of water, occurs in passing from 
glucose to sucrose. The increased value of X in this case and 
in the cases of raffinose and cellulose cannot be expressed as 
multiples of 6. If, however, a constant increase, X’, be assumed in 
the thermal characteristics of these substances per molecule of 
water, in accordance with the following scheme, 


for cellulose, CgH,,.0, = (CgH905)n + ~H,O, 


the following values of X will be obtained : for sucrose, X = 2 x 24 
+X’; for raffinose, X = 3 x 24+ 2X’, and for cellulose, X = 
n X 24 -+ X’, so that to C,H,,0; corresponds a value of X equal 
to 24-++ X’. Experimental data show that in the case of sucrose 
X’ = 15, so that for this substance X = 63. For raffinose, there- 
fore, X = 72 + 30 = 102, and for cellulose, assuming its mole- 
cular formula to be (CgHyO5)n, X = 39m, or if n=1, X = 39. 
Values of @ calculated for the respective compounds, employing 
appropriate values of X, together with corresponding experimental 
values are given herewith : raffinose, Q (calc.) = 2028°4, Q (obs.) = 
20263; cellulose, Q (calc.) = 677°6, Q (obs.) = 678°6. 

It has now been shown that, starting with methyl alcohol, values 
of X and @ may be calculated for compounds of gradually increas- 
ing molecular weight such that, in contradistinction to members 
of homologous series, the value of X differs increasingly from the 
zero value, characterising what has been termed the normal level, 
as the molecular weight increases, the difference in the case of 
cellulose amounting to as much as 6 per cent. of the calorific ° 
value. 


4E2 
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III. Unsaturated Compounds. 


In general, the value of the thermal characteristic X for un. 
saturated compounds is greater than for saturated compounds, 
Data relating to ethane, ethylene, and acetylene, and also to 
propane, propylene, and allylene are given in Table III, the 
experimental values of Q given being in every case the mean of 
results obtained by different observers. In the absence of any 
change in the value of the thermal characteristic throughout a 
series, the loss of two hydrogen atoms and the establishment of 
additional linkings between carbon atoms, in passing from one 
member of either series to the adjacent member, would entail a 
constant difference in the respective values of the heats of com- 
bustion of adjacent members equal to 48°8 + 10°6 = 59°4. It is 
seen from Table III, however, that the experimental values of 
Q, — Q, are less than this by amounts ranging from 29°9 to 30:7. 
It will also be noticed that values of Q in very close agreement with 
the experimental values can be calculated by equation (2) on the 
assumptions that, as in the case of saturated hydrocarbons, X = 0 
for the first members of the respective series (C,H,,C3H.) corre- 
sponding to single linkings, while corresponding to a double bond 
X = 30, and for a triple bond X = 60, Clearly, therefore, within 
the limits of experimental error, the effect of the production of an 
additional coupling between the carbon atoms corresponds to an 
increase of 30 in the value of the thermal characteristic. 


TaBueE III. 
Substance. Formula. @Q (obs.). (Q;—@Q,.) (obs.). X. @Q (calc.). 

Ethane ......... C.H, 372-3 0 373-4 
29-4 

Ethylene ...... C,H, 342-9 30 344-0 
29-1 ] 

Acetylene ...... C,H, 313-8 60 314-6 

Propane ...... C,H, 528-8 : 0 530-4 
29-5 

Propylene ...... C,H, 499-3 30 501-0 
28-7 

Allylene...... C,H, 470-6 60 471-6 


In order to determine whether this increase of 30 is applicable 
throughout the various series of unsaturated compounds, and more 
especially in the case of compounds deviating from the normal 
level (X = 0), the very accurate data available for the unsaturated 
acids having one or two double bonds have been examined. These 
are set out in Table IV. 

The thermal characteristics of unsaturated acids are greater 
than those of the corresponding saturated acids, but only in a few 
cases can the former be calculated from the latter by adding 30. 


NDS, 
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Thus, considering succinic and maleic acids, it is found that X =—18 
for the former and — 18 +- 30 = 12 for the latter. 


TABLE IV. 

Acid. Formula. a Q (calc.). Q (obs.). 
Acrylic eeceeesese beves C,H,0, 15 329-0 329-2 
SEENEG oc ccccccusenese C,H,O, 6 477-0 478-2 
Angelic eeeeeerereeceee C;H,O, 6 634-0 635- 1 
BUMGTIC ...0seeacersee C,H,0, 6 320-0 320-3 
Mesaconic ee eeeseeeeee C;H,O, 6 477-0 477-4 \ 
MEE | Snicesssedces C,H,O, 6 477-0 476-1) 
eared eee re ee C,H,0, 12 326-0 326-4 
CHTACONIC ......000006 C,H,O, 12 483-0 483-9 
Allylmalonic ......... C,H,O, 12 640-0 638-4 
TMPACONIC ..66255..502 C,H,,0, 12 797-0 796-9 
A8-Hexenoic ......... C,H,,02 12 797-0 796-2 
Undecenoic............ C,,H.»O0, 12 1582-0 1581-3 
Oleic Pe eeeeeeeereseeeee C,,H;,0. 12 2682-0 2684-5 
Sorbie eecesereseessesese C,H,O, 18 743-6 743-7 
Stearolic Seeereeeeseseee C,,H3.0. 18 2627-6 2628-9 
Behenolic .........++ Co2H Oe 18 3255-6 3255-5 


The thermal characteristics of the unsaturated acids are seen to 
be greater than those of the corresponding saturated acids, but no 
additive relation exists between the values of X in the former case. 
An alteration in the position of the carboxyl groups, as in fumaric 
acid, causes X to decrease and become equal to 6. For the mono- 
basic solid acids, in place of X = 18 (that is, 30 — 12), X =6 
or 12. For monobasic acids with two double bonds, for example, 
sorbic, stearolic, and behenolic acids, in place of X = 48 (that is, 
60 — 12), X = 30 —12=18. Here again, as in the polyhydric 
alcohols, although the values of X appear to increase in a complex 
manner, the numbers 6, 12, and 18 recur.* ; 

Data for acids having triple bonds are not very extensive. For 
&@ monobasic acid of this class, namely, tetrolic acid, X = 42 
(that is, 60 — 18), whilst for acetylenedicarboxylic acid X = 51 
(that is, 60 — 9). These values are respectively less and greater 
than the values 48 (that is, 60 — 12) and 42 (that is, 60 — 18) 
anticipated from a consideration of the component thermal 
characteristics. 

For saturated aldehydes and ketones, it has been seen that the 
thermal characteristics are positive and equal to 12 and 6, respec- 
tively. The presence of double bonds increases these values 
according to the number of bonds. This is seen from Table V, 
where under m are tabulated the respective sums of the number 
of double bonds and carbonyl groups. 


* It is to be noted that acrylic acid, the first representative of a homologous 
series of unsaturated acids, is an exception to this rule. 
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TABLE V. 

Substance. Formula. xX. m™. Q (calc.). Q (obs.), 
Mesityl oxide ...... C,H,,O 12 2 845-8 846-8 
Allylacetone ...... C,H,,O0 24 2 857-8 857-7 
Ethyl allyl ketone . C,H,,O 24 2 857-8 858-1 
Crotonaldehyde .. C,H,O 24 2 543-8 542-7 
Diallylacetone ...... C,H,,0 36 3 1281-9 1282-3 
ED Coeiinenwibaniies C,9H,,0 36 3 1438-9 1458-7 
Benzoquinone ...... C,H,0, 48 4 654-8 654-8 


The calculated values of Q given in the fifth column, and based 
on the respective values of X, all multiples of 12, contained in the 
third column, are in very close agreement with the observed values 
of @ given in the last column. The largest value of X, namely, 
48, characterises benzoquinone, a diketone having two double 
bonds. For citral and diallylacetone, both having two double 
bonds, X = 36, whilst for crotonaldehyde, ethyl] allyl ketone, and 
allylacetone, each with one double bond, X = 24. For all these, 
X =12m. For mesityl oxide, however, X = 6m only. The 
various numbers are not derivable by the addition to the thermal 
characteristic of the corresponding saturated aldehyde or ketone 
of a constant corresponding to each double bond. It is to be noted, 
however, that mesityl oxide and crotonaldehyde can be prepared 
by condensation of the corresponding saturated compounds, and 
that, regarded from this point of view, their respective thermal 
characteristics can be readily calculated by addition and are equal, 
respectively, to 2 x 6, corresponding to condensation of acetone, 
and 2 x 12 in the corresponding case of the aldehyde. In each 
case, the double bond is associated with a value of X characterising 
the double oxygen-carbon bond which it replaces. The thermal 
characteristics associated respectively with the double carbon 
bond and the double oxygen-carbon bond vary within wide limits, 
but the respective series of values are all multiples of a constant. 


IV. Aromatic Compounds. 


Prior to the examination of aromatic compounds, formed by the 
combination of benzene nuclei with aliphatic residues, the thermo- 
chemical data available for certain saturated cyclic hydrocarbons 
will be considered. These are given in Table VI, values of Q 
being calculated on the assumption that for these substances 
X= 0. 

It is seen that on this assumption the observed values of Q are 
in very close agreement with the respective calculated values. In 
the case of benzene, a similar assumption would lead to a difference 
of 2 per cent. between the calculated and observed values of Q. 
In Table VII, thermochemical data for benzene and some of its 
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TaBLeE VI. 
Q (cale.) —Q (obs.), 

Substance. Formula. @Q (calc.). @ (obs.). 100 Q (obs.) 

Hexane ......... C,H, 942-0 945-1 —0:3 
Dimethyleyclohexane. C,H, 1256-0 1256-6 —0-05 
Methyleycloheptane... C,Hi, 1256-0 1257-1 —0-1 
Trimethyleyclohexane C,H, 1413-0 1409-9 +0-22 
Ethyleycloheptane ... C,Hy, 1413-0 1420-9 —0-°5 
Methylpropyleyclo- 

HOXANG — oeeocccceeee Cio Hoo 1570-0 1566-5 +0-23 


homologues are given. The calculated values of @ are in each 
case based on the value X = 15. 


TaBLeE VII. 

100 Q (cale.) —Q (obs.) 

Substance. Formula. Q (calc.). @Q (obs.). Q (obs.) ‘ 
Benzene seseeeeeseeeees C,H, 178-8 = 779-7 —0-11 
TOIMIONG —-scccccccccccees C,H, 935-8 934-4 +015 
IE chcbndiosenironiee C,H, 10928 1092-0 +0-08 
Mesitylene .........+.+ C,H, 1249-8 1251-9 —0-17 
Propylbenzene ...... C,H, 1249-8 1250-6 —0-07 
Propyltoluene...... CyoH 1, 1406-8 1406-9 —0-01 


This value of X is seen to be in agreement with the observed 
values of Q for benzene and its homologues. The thermal char- 
acteristic associated with the whole of the six carbon bonds in 
benzene is exactly one-half of the value of X characterising the 
double bond in ethylene. In contradistinction to the thermal 
characteristic of unsaturated compounds, the thermal characteristic 
associated with the bond remains constant throughout the series of 
aromatic hydrocarbons and combinations thereof with aliphatic 
groups having a double or triple bond. Data relating to these 
are contained in Table VITI. 


TaB.Le VIII. 

Substance. Formula. 4X. Q (cale.). Q (obs.). 
DAGRODYL . ccocscccoscssssesoccses C,H i 30 1498-2 1495-1 
Diphenylmethane ............ Ci3Hj. 30 1655-2 1656-6 
Dibenzy] — ...cccccccccccceccees C,,Hy, 30 1812-2 1812-4 
END ecereccvesssescccecstece C,H, 30 1048-4 1047-3 
Methylstyrene .............+. CoH yo 30 1205-4 1204-6 
a-Phenyl-48-butylene ...... CipHi2 30 1205-4 1203-8 
DEIBEMS  ..cccccccecccccvscececes C,.Hy. 45 1767-8 1766-8 
Triphenyimethane............ CipHi 60 2389-6 2388-7 
Triphenylbenzene ...........+ C,Hy3 60 2937-0 2939-6 
Phenylmethylstyrene ...... CisHi, 60 1937-8 1940-7 
BMD sescvcccscesccceccoesees CH 75 1738-4 1738-9 
Tetraphenylmethane ...... Cy5Hoo 75 3109-0 3105-7 
Diphenylstyrene ..........+. CooHis 90 2514-2 2511-6 


The respective values of X are in every case simple multiples 
of 15, and the calculated values of Q are in very close agreement 
with experimental values, the difference in one case only—~ 
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diphenyl—amounting to as much as 0°2 per cent. The experi- 
mental result in this case, it is to be noted, is based on an old 
and isolated observation. From the cases of styrene and stilbene 
it is seen that a double bond occasions an increase of 15 in the 
value of the thermal characteristic. The transition from a double 
to a triple bond, however, produces an increase of 30 in the value 
of X, as is seen by comparing the respective values for stilbene 
and tolane. This value 30 corresponds to the value of X associated 
with the ethylene linking (see Table III). Generally, the respective 
values of X are obtained by a process of simple addition, but in 
the cases of triphenylmethane, diphenylstyrene, and phenylmethyl- 
styrene this is not so. The value X = 60 for triphenylmethane 
gives a value of Q(calc.) in agreement with the value recently 
determined experimentally by Schmidlin, which is given in the 
table. The same holds for triphenylcarbinol. Assuming X = 60 
for this substance, it is found that for this substance Q (calc.) = 
2340°8, compared with the experimental value 2341°8. The 
anticipated value of X for each of these substances, containing 
three phenyl groups, would be 45. The presence of the third 
phenyl group therefore occasions an additional increase of 15 in 
the value of X. Such additional increase is not, however, asso- 
ciated with the introduction of a fourth phenyl group, for in the 
case of tetraphenylmethane X = 75, an increase of only 15 from 
the value, 60, characterising the triphenyl compounds. The 
transition from diphenylethylene (stilbene) to diphenylstyrene, 
with three phenyl groups, occasions an additional increase of 30, 
for to the latter corresponds a value X = 90. A smaller effect 
of the same nature accompanies the introduction of a methyl 
group in place of a third additional benzene nucleus. Thus the 
value of X for phenylmethylstyrene, according to the number of 
benzene rings, should be 45, but is actually found to be 60. 

Among groups combining with benzene nuclei, the amino- and 
hydroxyl-groups are characterised by the fact that they are without 
appreciable influence on the value of the thermal characteristic. 
Thus for toluidine, as for benzene, the value X = 15 affords a 
value of @ in close agreement with the experimental value. In 
the case of aniline, a considerable difference is found between the 
calculated and experimental values of Q, but this is to be antici- 
pated, for the experimental values of Q, in this case, differ con- 
siderably among themselves. For phenol, the experimental values 
of @ range from 737°5 to 732°9. The latter value agrees fairly well 
with that calculated on the assumption X = 15, namely, 730°3. 
For other phenols, in like manner, X being assumed equal to 15, 
differences of a few tenths of 1 per cent. are found between experi- 
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mental and calculated values. In the case of phloroglucinol, 
however, assuming X = 15, such difference amounts to 2°6 per 
cent. It is to be noted that in this case the experimental and 
calculated values are brought into agreement by assuming X = 0, 
a result probably connected with the tautomerism exhibited by 
this substance. 

The alkylation of a phenol, whereby hydroxylic hydrogen is 
replaced by the alkyl group, is accompanied in every case by an 
increase of 15 in the value of X. As in the case of the poly- 
saccharides, this increase is attributable to the presence of oxygen 
forming a bond between carbon atoms. Data relating to some 
aromatic ethers and aldehydes are contained in Table IX. 


TaBLe IX 
Substance. Formula, X. Q(calc.).  @ (obs). 
Anisole See eeererereseseeesesese C,H,O 30 902-0 901-8 
Phenetole ..........sscccceceee C,H,,O0 30 1059-0 1057-9 
Tolyl methyl ether ......... C,H,,0 30 1059-0 1058-0 
Phenyl propylether ...... C,H,,0 30 1216-0 1214-3 
Xylyl methylether ...... C,H,,0 30 1216-0 1214-6 
Resorcinol dimethyl ether. C,H ,,0, 45 1025-2 1023-6 
ssoHugenol .......secceccreces CyH,,0, 45 1279-8 1278-8 
BPUREFOND — sseccscasccccesoce Cy.H,,0, 60 1235-2 1235-1 
RIND. s<.cewornssdbeebesccoes C,,H,,O, 75 1575-0 1577-7 
Benzaldehyde _ ........s0+s C,H,O 30 842-6 842-1 
Hydroxybenzaldehyde ... C,H,O, 30 793-8 793-7 
Cinnamaldehyde ............ C,H,0; 45 1112-7 1113-4 
IEEE «| Sopeporsocesossocsce C,H,0; 45 917-0 915-0 
BPCOCREL cocccccvscersessceese C,H,O; 60 872-6 870-9 


Here again it is seen that all values of X are simple multiples 
of 15. It is to be noted that whilst the presence of the hydroxyl 
group in hydroxybenzaldehyde, vanillin, and isoeugenol does not 
affect the value of X appreciably, a double bond, as in the case 
of the hydrocarbons, increases the value by 15, provided such 
double bond occurs adjacent to the benzene ring. For eugenol 
and safrole, in which the double bond is situated at the end of the 
side chain, the respective calorific values are greater by about 10 
than the values for the corresponding iso-compounds given in 
Table IX. In contradistinction to the case of the aliphatic com- 
pounds, the double bond of the carbonyl group in aromatic 
aldehydes produces an increase of 15, and not 12, in the value of X. 
This same increase of 15 is occasioned by the presence of double 
carbonyl bonds in the case of the aromatic ketones, as is seen 
from the data given in Table X. 

It is seen that the respective thermal characteristics of the 
aromatic ketones are of the customary additive nature, the greatest 
value, 60, characterising benzil, which is constituted of two benzene 


nuclei and two carbonyl groups. The case of the quinones is different. 
4 1* 
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TABLE X. 

Substance. Formula. xX. Q (calec.). Q (obs.), 
Acetophenone —........600s C,H,O 30 999-6 1001-9 
Benzophenone ..........+++++ C,3H,,0 45 1562-0 1558-8 
Benzoin Pee eeeeeeeeeeereseseseee C,,H,,0 45 1670-2 1673:1 
Anthraquinone ...........- C,,H,0, 45 1551-4 1549-0 
RR a eas OR oe C,,H,0, 45 1453-8 1453-1 
Benzil Pe eeerereceeeseseeeesees C,,H,0, 60 1626-8 1626-2 
Phenanthraquinone ...... C,,H,O, 75 1581-4 1578-5 


Here, practically no change in the value of X accompanies the 
transition from anthracene to anthraquinone, for according to 
Berthelot and Vieille, for anthracene @ = 17084, corresponding 
exactly with the value X = 45. This is attributable to the fact 
that no material structural alteration accompanies the transition, 
as two benzene nuclei are unaffected and become merely inter- 
connected by a similar nucleus containing two carbonyl groups. 
The latter do not increase X by 30, as in the case of benzil, but by 
15 only. The transition from benzene to benzoquinone, however, 
occasions a complete reconstruction of the molecule, involving 
the introduction of two double bonds, accompanied by an increase 
in the value of X from 15 to 48. The two hydroxyl groups present 
in alizarin are without appreciable effect on the value of X. Anthra- 
quinone and phenanthraquinone are examples of isomerides differ- 
ing considerably in calorific value, the difference in the present 
instance amounting almost to 30. The value of X in the case of 
the former is 15 units less than the value corresponding to a 
diketone, whilst it is correspondingly greater by this amount in the 
case of phenanthraquinone. In the former case, the ring inter- 
connecting the outer benzene nuclei is symmetrical; in the latter, 
there is no such symmetry of molecular structure. 

Examples of compounds of comparatively simple molecular 
composition, but nevertheless characterised by large values of X, 
are to be found, as seen from Table XI, among the aromatic 
derivatives of hydrazine and of di-imine. 


TABLE XI. 

Substance. Formula. Xx. Q (calc.). Q (obs.). 
Phenylhydrazine ...... C,H,N, 60 883-2 880-4 
Hydrazobenzene ......... C,,.H,.Ne 75 1602-2 1600-2 
AZObeNzeNne ...........000. C,.Hi Ne 90 1558-2 1556-7 
Aminoazobenzene ...... C,,H,,N; 90 1587-9 1582-6 
Benzeneazophenol ...... C,,H,,ON, 90 1509-4 1509-8 
Azoanisole ............0.. C,,H,,0O,.N, 120 1804-6 1806-3 


Here again, the values of X are multiples of 15, commencing 
with the value X = 60 for the simplest representative, hydrazine. 
Subtracting from this value the number 15 appropriate to the 
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phenyl group, and similarly subtracting from the value 75 for 
hydrazobenzene the number 30 associated with the two phenyl 
groups, one finds the value 45 representing the effect of the NH-NH 
group in these compounds. In like manner, calculated from the 
values of X for the azo-derivatives given in the table, the value 60 
represents the increment in the value of X attributable to the 
presence of the N°N group. This value corresponds with the 
value of X for acetylene, but whereas the addition of two hydrogen 
atoms to the latter decreases the value of X by 30, here the corre- 
sponding decrease is 15 only. From the table, it is again seen 
that the hydroxyl and the amino-group do not affect the value of 
X appreciably. 

As is the case with aliphatic acids, so also with aromatic acids 
the value of X is decreased owing to the presence of the carboxyl 
group, with this difference, however, that negative values are 
not found in the latter case. Thus, experimental and calculated 
values of Q for the monobasic acids (benzoic, phenylacetic, phenyl- 
propionic, toluic, and mesitylenic), for the dibasic acids (o- and 
p-phthalic and uvitic), and for tetrabasic pyromellitic acid are in 
close agreement on the assumption that for these acids X =15 — 
6=9. For tribasic trimesic acid, X = 15 —12=3, and for 
hexabasic mellitic acid, X = 30 — 6 = 24. 

These values for the acids can be used to calculate the respective 
values of X for the corresponding esters, the esterification, like the 
etherification of a phenol, being accompanied by an increase of 15 
in the value of X. Thus for benzoic acid, X = 9, for the ester, 
X=9-+15= 24. Using this value of X, one finds, for the 
ester, @ (calc.) = 944°8, compared with the experimental value, 
Q (obs.) = 944°4; equally close agreement between experimental 
and calculated values is found throughout the series of benzoic 
esters. For the dimethyl esters of the phthalic acids, for which 
X= 9-+ 30 = 39, calculation gives Q = 1116°8, in close agreement 
with the experimental values of Q ranging from 1113°2 to 1120°8. 
Owing to the decrease in the value of X attributable to the carb- 
oxyl group, the values of X for the aromatic esters are of the same 
order of magnitude as for the aliphatic ethers. 

It is of interest to note that for dihydrophthalic acid, X = 18, 
as in the case of aliphatic acids having two double bonds. For 
hexahydrophthalic acid, X = — 12, as for homologues of malonic 
acid. Similarly, the values of the thermal characteristic of mellitic 
acid (X = 24) and hexahydromellitic acid (X = — 18) correspond 
respectively to the values of X for succinic acid and its homologues. 
In the case of hexahydromellitic acid, Q (calc.) = 9240, and 
Q (obs.) = 924°1. } 

4E* 2 


V. Conclusion. 


The application of the method developed in the present work to 
other series of compounds is at present impossible owing, in some 
cases, to insufficient agreement among the experimental values of 
Q in the case of individual compounds; these discrepancies are 
due partly to the use of materials of different degrees of purity in 
the several investigations. In other cases, the calculated values 
of the deviations of the thermal characteristic from the normal 
level (X = 0) are of the order of magnitude of the experimental 
error, and data relating to these cases have not been examined 
in the light of the theory developed. Thus for the calculation of 
the thermal characteristics of ethers and esters use has been made 
only of data referring to the aromatic series. In the case of 
aliphatic ethers, sufficiently accurate data are available only for 
gaseous methyl ether and liquid ethyl ether. In the latter case, 
assuming X = 15, it is found that Q (calc.) = 653°6, which agrees 
closely with the experimental value, Q (obs.) = 652°3 kg.-cals. 
Data relating to aliphatic esters are scanty and in many cases 
have been obtained by methods which would not be regarded as 
satisfactory nowadays. Assuming the value X = — 6 for acetic 
acid, the corresponding value of X for ethyl acetate would be 
X=15—6=9. This gives a value of Q(calc.) = 539°5, which 
agrees fairly well with the experimental value, Q (obs.) = 537°. 
For oxalic acid, X = 0. For its dimethyl ester, therefore, X = 30, 
and Q (calc.) = 403°4, whereas the value of Q (obs.) is 402°3. In 
like manner, for maleic acid X = 12; the value of X for the corre- 
sponding dimethyl ester is therefore 30 + 12 = 42. Using this 
value of X, calculation gives for the latter substance, Q = 670°0, 
which agrees very closely with the experimental value 669'9. 

With the possible exception of data relating to the series of 
carbylamines, it appears that in all other cases the appropriate 
value of X in equation (2) is a multiple of 3. The equation may 
therefore be written ‘n the form 


P=488n+38 ..... (3) 


where ” and S are both whole numbers. The experimental results 
are best interpreted, however, by regarding the values of X for 
aliphatic compounds as multiples of 6, whilst in the case of aromatic 
compounds they are multiples of 15. The common factor 3 repre- 
sents the value of the thermal characteristic of compounds con- 
taining in the molecule only a single atom of carbon. The constants 
48°38 and 3 in equation (3) may now be interpreted as follows: 
the former represents the calorific value of amorphous carbon, 
the latter is very approximately equal to the heat of transformation 
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of amorphous carbon to the crystalline state. In the case of 
transformation into graphite, the corresponding experimental value 
js 28, whilst in the case of transformation into diamond, the 
corresponding value is 3°3. 

A discontinuity in the value of X accompanies the transition 
from the first to the second member of a homologous series. This 
js attributable to a change in the strength of the linking in the 
two cases. When the alkyl group is substituted for hydrogen 
linked with carbon in groups containing oxygen, the value of the 
thermal characteristic is decreased by an amount equal to three 
times the number of valencies of the carbon atom in question 
satisfied by oxygen and not directly affected by the substitution. 
The same rule applies in the case of nitrogen linkings. In other 
cases, changes in the value of the thermal characteristic accompany 
the production or destruction of linkings between multivalent atoms. 
Nitrogen linkings in azobenzene have the same thermal characteristic 
as carbon linkings in acetylene. In the formation of unsaturated 
aldehydes and ketones by the condensation of the corresponding 
saturated compounds, the value of the thermal characteristic is 
increased owing to the replacement of carbonyl bonds by double 
bonds. Oxygen, linking together carbon atoms, increases the 
thermal characteristic by 15. The same is probably true of 
nitrogen. Thus, when nitrogen is substituted for one CH group 
in benzene, the value of X increases from 15 to 30, the latter value 
giving for pyridine the value @ (calc.) 666°5 compared with the 
experimental value @ (obs.) 665°5. Similarly for piperidine, 
X = 15, whilst for cyclohexane X = 0. 

Heats of formation of organic substances are generally calculated 
from the values of the heats of combustion, carbon being assumed 
to be present in the form of diamond. Such calculated values, 
although subject to the experimental errors made in the deter- 
mination of the respective heats of combustion employed in the 
calculation, and characterised by little physical reality, are of 
considerable use for purposes of calculating thermochemical data 
relating to reactions between organic substances. From equa- 
tion (2), it is seen that the heat of formation of an organic substance 
from its elements, assuming carbon to be in the solid amorphous 
state, is given by 

=47h+ 488k -X . .. . = (4) 
where A and & represent respectively the number of atoms of 
hydrogen and oxygen present in the molecule of the substance, 
and X represents, as before, the thermal characteristic of the 
substance. It is to be noted that, according to (4), the respective 
heats of formation of organic substances (1) do not depend on the 
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number of carbon atoms present in the molecule of the substance, 
(2) increase with an increase in the number of hydrogen and oxygen 
atoms, respectively, present, an increase of the latter producing 
the greater effect, (3) decrease with an increase in the value of 
the thermal characteristic. In the case of substances containing 
no oxygen and characterised by large values of X, negative values 
for the respective heats of formation may be afforded by (4). Thus 
for acetylene, X = 60 and gq = 94 — 60 = — 50°6; for azo. 
benzene, X = 90 and q = 47 — 90 = — 48. 

Heats of reaction can be calculated by (2) without a knowledge 
of the values of g involved being available. The calculation involves 
only a knowledge of the values of X appropriate to the reaction. 
Thus, as the amino-group does not affect the value of the thermal 
characteristic, the heat of transformation of hydrazobenzene into 
benzidine is 75 — 30 = 45 kg.-cals., 75 and 30 being the values of 
the thermal characteristics of hydrazobenzene and of the two 
phenyl groups contained in benzidine. 

When compounds characterised by positive values of X are 
transformed into compounds of normal level (X = 0), the differ. 
ence of the initial and the final value of the thermal characteristic 
is manifested as heat of transformation. Thus in the case of 
alcoholic fermentation of glucose, heat equivalent to 24 kg.-cals. 
should be evolved per gram-molecule of glucose, the value of X 
for glucose being 24. Carbohydrates are characterised by large 
values of X, and as the heat evolved during their hydrolysis is 
15 — 10°6 = 4-4 kg.-cals. per gram-molecule of liquid water, it is 
to be anticipated that their transformation into substances of normal 
level would be accompanied by considerable evolution of heat. 
Cellulose and other plant products would in this manner be trans- 
formed into mineral fuel by successive decreases in the value of 
the thermal characteristic until the normal level was attained. 
By means of equation (1), the calorific value, p, of such fuels per 
unit mass is found to be 

Smeeeows ! av ewie & 
where / is the amount of oxygen consumed in the combustion of 
unit mass of the fuel. Wood consists chiefly of cellulose, and its 
calorific value is about 7 per cent. greater than that calculated 
by (5). Experimentally determined calorific values of various 
coals frequently agree within the limit of experimental error with 
the corresponding value calculated by (5). The same is true of 
various naphthas, composed of mixtures of paraffins and naphthenes 
with small amounts of other substances. 


CENTRAL CHAMBER OF WEIGHTS AND MEASURES, 
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CCXLIV.—The Quinhydrone Electrode as a Comparison 
Electrode. 


By Stia VEIBEL. 


BULMANN has shown (Ann. Chim., 1921, [ix], 15, 109) that in the 
measurement of the concentration of hydrogen-ions, the usual 
hydrogen electrode may in several cases be replaced by a quin- 
hydrone electrode, formed by dissolving a small quantity of quin- 
hydrone in the electrolyte under investigation, and placing a piece 
of blank platinum in the solution. The quinhydrone then represents 
a potential pressure of hydrogen, which is constant but very feeble. 
The quinhydrone electrode functions as a hydrogen electrode with 
a pressure of hydrogen of 10°*# atm. at 18° and 10°%34 
atm. at 25°. Against a hydrogen electrode with a pressure of 
hydrogen of 1 atm. it has a potential of 0-7044 volt at 18°, the 
electrolyte being 0°1N-hydrochloric acid; in other dilute acids, 
very nearly the same potential is reached. 

Biilmann and Lund (Ann. Chim., 1921, [ix], 16, 327) have further 
shown that in more concentrated solutions the simple quinhydrone 
electrode may be replaced by an electrode which contains quin- 
hydrone and an excess of either quinol or quinone. These electrodes 
are named the hydro-quinhydrone electrode and the quino-quin- 
hydrone electrode respectively. 

The quinhydrone electrode, which has been under investigation 
in this laboratory during more than three years, is so simply pre- 
pared and acquires its potential so rapidly and preserves it constant 
for so long, that it seemed natural to try to apply it as a comparison 
electrode which could in a number of cases be more easily prepared 
and made use of than the calomel or the hydrogen electrode. One 
of its advantages is that freshly prepared comparison electrodes 
can be obtained in a few minutes. 

At the suggestion of Professor Biilmann, I have examined the 
possibility of preparing a quinhydrone electrode which will rapidly 
acquire a well-defined potential, will be durable enough for most 
purposes, and will have none or but a very feeble liquid-junction 
potential. 

For this purpose, either the electrodes in solutions of weak 
organic acids examined by Biilmann or electrodes with 001N- 
hydrochloric acid + 0°09N-potassium chloride as electrolyte might 
be suitable. According to the determinations of Bjerrum (Z. Elek- 
trochem., 1911, 17, 391), the liquid-junction potential of the latter 
mixture against 1-75N-potassium chloride is only 0°0004 volt. 
The concentration of hydrogen-ions, according to the measurements 
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of Sérensen, is 10-°% (Compt. rend. Trav. Lab. Carlsberg, 1909, 8, 
24), 


The Biilmann Electrode with a weak Organic Acid as Electrolyte, 


M /32-Fumaric acid or M/20-oxalic acid was used as electrolyte, 
The electrodes were measured against a 3-5N-calomel electrode, 
Quinh. Oxalicacid (M/20)or | KCl |KCl Hg.Cly\ 5 
solid fumaric acid (M/32) 3-5N) 3-5N solid’® 

Table I shows the accuracy which may be attained in the prepar- 
ation of the electrodes. 


The element was Pt 


TABLE I. 
I. Fumaric Acid. Potential in volt. 
EOE Jacecsstcwot heed shesicctsccéeceseece 0-3195 0-3199 0-3199 0-3196 
ae Se Le ee ee Se 0-3181 03180 0-3198 0:3187 
II, Oxalic Acid. 
BNE Bivcciscpvennnsquetieaceesdusscsscsca 0-3637 0-3640 0-3633 0-3642 
SIN 5s -Caiccsnuuveradsceradisetadasveus 0-3617 0-3633 0-3627 0°3635 
BE tes a bhabicsctettetvseddiecsscabvdisoest —_— — 0-3615 0-3621 


This table, compared with those in Biilmann’s memoir (loc. cit., 
p. 136), shows that the electrodes acquire their potential very 
rapidly and preserve it for a few hours. But the durability is not 
great enough to enable the electrodes to be kept from one day 
to another. , 

The potential in the fumaric acid solution is smaller than the 
value originally found by Biilmann. His measurements were made 
with a preparation of fumaric acid which had been bought as “ pure.” 
In view of the importance of the present investigation, the equi- 
valent weight of that sample was determined, and found to be too 
high. The fumaric acid was therefore purified by two crystal- 
lisations from water; its equivalent was now 58-08 (calc. 58:02). 


The Biilmann Electrode with 0:01N-Hydrochloric Acid + 
0:09N-Potassium Chloride as Electrolyte. 


The potential was measured directly against a hydrogen electrode 
with the same electrolyte. The rapidity of the current of hydrogen 
had no influence on the potential. 

The element examined was : 


p,Quinh. KCI0-09N)| KCl(0-09N) KCI0-09N) 5 |p, 
solid -+-HC1(0:01N) +HC10-01N) +HC10-01N) “2 


The electrodes were so constant that in order to observe their 
variation, | had to determine the potentials to five decimal places. 
The total variations for all the electrodes, however, were larger, 
so that the mean value is given only to four places. 


n 
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Table IL shows the reproducibility and the durability of the 
electrodes. All potentials are corrected to dry hydrogen at a 
pressure of 760 mm. of mercury. 

The measurements were carried out with a galvanometer and a 
Wolff compensator. The standard cell was compared with a 
recently controlled Weston standard cell. The potassium chloride 
solution was prepared by dissolving the calculated quantity of the 
freshly fused salt (“‘ Kahlbaum ’’) in the requisite weight of water. 
The hydrochloric acid was standardised against ash-free mercuric 
oxide (Incze, Z. anal. Chem., 1917, 56, 177; compare Biilmann 
and Thaulow, Bull. Soc. chim., 1921, [iv], 29, 590); in three estim- 
ations, the normalities found were 0°10000, 0°09996, and 0°10000; 
mean 0°09999. The solution to be used was then prepared by 
measuring with the same pipette one part of the hydrochloric 
acid and nine parts of the potassium chloride solution. 


TaBeE II. 
Electrode. A. B. Cc. D. E. F. G. H. 
Time. Potential in volt. 

a ee 0-7042, 0-7042, 0-7041, 0-7041, — — 0-7037, 0-7036, 
} hour ...... 0-7039, 0-7039 — — — — — — 
1} hours ... — — 0-7041, 0-7041, 0-7040, 0-7040, 0-7040 0-7039 
eat déocee — 0-7041, 0- -7041, 0-7039, 0-7039, — — 
| eee 0- 70395 0-704(, 4 7038, 0-7038, 0-7037, 0-7037, 0-7041 0-7041 
ree 0-7039, 0-7039, — —_— — — 0:-7039 0-7039 
|... oats 0-7039, 07038, — — 0-7032, 0-7032, — — 
144 ,, .-- 07031 00-7031 0-7031 0-7031 — — — — 


It will be seen from the table that the reproducibility is excellent 
and the durability, at any rate for the first forty-eight hours, is 
satisfactory. 

The mean value of the measurements during the first forty-eight 
hours, with the exception of those made with the electrodes G and 
H, which have at first a too feeble potential, is 0°7040 volt. The 
greatest deviation from this value is 0-00035 volt, and occurs in 
the case of the electrodes whose potentials have been disregarded 
in computing the average. The deviation from the mean value of 
the trustworthy measurements has a maximum value 0°00028 
volt; as a rule, it is less than 00002 volt, so that for ordinary 
purposes the potential of the quinhydrone electrode with the 
foregoing electrolyte may be reckoned as 0°7040 +. 0°0002 volt. 

Biilmann and Lund (loc. cit., p. 323) determined the potential 
of the quinhydrone electrode in 0°01N-hydrochloric acid + 0-09N- 
sodium chloride, and found the value 0°7042 volt. The concordance 
between their determination and mine is excellent. 

If the values of the potential determined with the quinhydrone 
electrode sare to be compared with the values obtained with a 
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0°1N-calomel electrode, 0:2485 volt must be subtracted from the 
former. This result may be calculated in the following way : 


p;|Quinh. 0‘09N-KC] 0:09N-KC] 0:09N-KCl,, | 


0:09-NKCI'3‘5 N-KCI|KCl Hg,Cl, 


Pt'Hs + 6-01N-HC! 0-1N-solid #8 Pn a 


Diff. = 02485 volt, 


The Reproducibility of the Calomel Electrode. 


As is well known, the calomel] electrode is somewhat “ capricious ” 
when prepared under the usual laboratory conditions, that is, when 
one has not, through frequent repetition, obtained a certain method 
of preparation. The result of such caprice may be that, for instance, 
only two out of three electrodes will give concordant potential 
values. In order to compare this variability with the corresponding 
unsteadiness of the Biilmann electrode, I have prepared a number 
of calomel electrodes, both 0‘1N and 3°5N. Since size of grain of 
the calomel might be of consequence (compare Sauer, Z. physikal. 
Chem., 1904, 47, 146), the calomel, prepared by precipitation, was 
separated by elutriation into three fractions, fine-, medium-, and 
coarse-grained. The fine- and the coarse-grained samples were 
used for the preparation of electrodes. 

In Tables III and IV, the electrodes of “ fine ’’ calomel are indi- 
cated by the letters a,b, c,. . . for the 0°1N-electrodes, and by a,, 
b,,¢,,... forthe 3°5N-electrodes. Electrodes of “ coarse ’’ calomel 
are marked, respectively, A, B, C, . . . and A,, B,, C,,... 


TABLE III. 
0°1N-Calomel electrodes. 


All the electrodes are measured against the electrode A. 


Potential in volt. 


Time. B. C. D. E. F, G. H. 
1 hour. ...... 0-00000 0-00050 0-00065 0-00034 0-00027: 0-00007 0-00100 
24 hours ...... 0-00000 - — — — 6-00013 0-00039 
a. b. c. d. e. 
THOUP ...660 0-00010 0-00000 0-00044 0-00000 0-00009 
24 hours...... 0-00002 0-00003 — 0-00000 0-00002 


As may be seen from this table, the electrodes of “ coarse ” 
calomel are much less reproducible than the Biilmann electrode. 
The reproducibility of the electrodes of “ fine ” calomel, on the con- 
trary, is similar to that of this electrode. 


* Koefoed; see Auerbach, ‘‘ Messungen electromotorische Krifte,’’ 1915, 
Ite Erg.. 21. 


‘solid -+-0-01N-HCl +0-01N-HOl +0-01N-Hol Hz Pt=0°7040 voit. 


All 
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TABLE IV. 
3‘5N-Calomel electrodes. 


All the electrodes are measured against the same 0:1 N-electrode. 


Potential in volt. 


Time. A,. B,. C,. D,. a. b;. C;. 
SC eee 0-1978 0-08376 0-08361 0-08362 0-08386 0-08381 0-08370 
94 hours ...... 0-08361 0-08358 0-08286 0-08295 0-08364 0-08367 0-08290 


The reproducibility here is of the same degree as, but does not 
surpass, that of the Biilmann electrode. 


Summary. 


1. The Biilmann quinhydrone electrode with 0°1N-hydrochloric 
acid + 0°09N-potassium chloride as electrolyte acts excellently 
as a comparison electrode which rapidly acquires its potential. 

2. The potential of the electrode is 07040 -+- 0°0002 volt, measured 
against a hydrogen electrode with the same electrolyte, and 
02485 + 0°0002 volt, measured against a 0:1 N-calomel electrode. 

3. The reproducibility is the same as that of a 3°5N-calomel 
electrode and considerably greater than that of a 0°1N-calomel 
electrode. Only if the calomel is divided by washing into fine- 
grained and coarse-grained portions, and then only if the fine- 
grained portion is used as the electrode, is the reproducibility of 
the 0°1N-calomel electrode of the same order as that of the Biilmann 
electrode. 


I thank Professor Biilmann for the interest he has taken in my 
experiments, and for his valuable assistance and advice. 


THE CHEMICAL LABORATORY, [ Received, June 14th, 1923.] 
THE UNIVERSITY, COPENHAGEN. 


CCXLV.—Bromination of Compounds containing the 
Carbonyl Group. (a) Pyruvic Acid. (b) Aceto- 
phenone. 

By CHARLES FREDERICK WARD. 


THE bromination of pyruvic acid has been studied by several 
investigators (Wichelhaus, Ber., 1868, 1, 265; Annalen, 1869, 
152, 265; Wislicenus, ibid., 1868, 148, 218; Clermont, Bull. Soc. 
chim., 1873, [ii], 19, 103), but no product corresponding to a pure 
monobromopyruvic acid has been described. Wislicenus (loc. cit.), 
by treating pyruvic acid with bromine at 0°, prepared a crystalline 
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substance, CH,Br-CBr(OH)-CO,H, which lost hydrogen bromide when 
exposed to moist air, giving an oily product which he called 
bromopyruvic acid. 

As it was thought that a study of the bromination of pyruvic 
acid might help to elucidate the mechanism of the halogenation of 
compounds containing the carbonyl group, pure pyruvic acid was 
treated with bromine under various conditions. What was 
apparently a simple reaction, giving an impure product, has been 
shown to be a series of complex changes resulting in the formation 
of pure, crystalline monobromopyruvic acid. 

Ethyl pyruvate also has been brominated. Although no inter. 
mediate stages have been observed, the presence of a trace of 
sulphuric acid or hydrogen bromide causes a vigorous reaction to 
set in at the ordinary temperature, whereas the ester will react 
with bromine alone only at about 50°. 

Although «-bromoacetophenone has long been known and may 
be prepared by a variety of methods, nothing appears to have been 
recorded as to the mechanism of the reaction. 

It is here shown that pure bromine and acetophenone react under 
certain conditions, giving a very unstable, crystalline compound 
which very readily changes into a red oil and finally into bromo- 
acetophenone and hydrogen bromide. The bromination is so 
rapid that up to the present it has been found impossible to show 
that it is accelerated by a trace of acid, as is the case in the bromin- 
ation of acetic acid, pyruvic acid, and acetone. 


EXPERIMENTAL, 
Bromination of Pyruvic Acid. 


The yield of pyruvic acid given by the method usually employed, 
namely, dry distillation of a mixture of tartaric acid and potassium 
hydrogen sulphate, can be increased considerably by carrying out 
the reaction in a large flask (2-litre for 300 grams of the mixture) 
at 220—225° without any lowering of temperature during the 
experiment. There is no undue frothing and the reaction is com- 
pleted in a much shorter time. The yield is 50—60 per cent. of 
the theoretical. 

The pyruvic acid was purified by distillation under reduced 
pressure, and boiled at 65°/12 mm. It was further purified from 
traces of water by freezing, rejecting each time the portion having 
the higher melting point. 

The experiments at 0° described by Wislicenus (loc. cit.) were 
repeated with specially purified materials. With pyruvic acid and 
bromine alone, no reaction was apparent until after a period which 
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varied from four to ten hours, even with different portions of the 
same mixture. At about 10°, the bromine and the pyruvic acid 
were miscible, but on cooling to 0°, two layers separated, the upper 
one consisting of pyruvic acid and the lower one of bromine. When 
cooled below 0°, the pyruvic acid solidified to a mass of colourless 
crystals surrounded by a red film of bromine. This series of changes 
could be reversed and repeated indefinitely. 

As these results apparently contradicted those of Wislicenus, the 
experiment was repeated using pyruvic acid (15 grams), containing 
a trace of sulphuric acid or hydrogen bromide, and bromine (27 
grams, dried with sulphuric acid), when the result was entirely 
different. The mixture solidified after a few minutes to a mass 
of bright red crystals resembling in appearance the product obtained 
from acetic acid, bromine, and hydrogen bromide under similar 
conditions. The crystals, still in the freezing mixture, gradually 
melted, and changed into a pale yellow glue and then into a hard 
mass of colourless crystals which fumed strongly in moist air. 
When this product was gently warmed, it melted between 60° and 
70°, evolved much hydrogen bromide, and finally, when cooled, 
solidified to a colourless substance melting at 56—59°. This 
decomposition also took place if a stream of dry air or carbon 
dioxide were led over the product at the ordinary temperature or 
even ini a freezing mixture, the final product in all cases being the 
solid of m. p. 59°. The same product was obtained when the 
substance, m. p. €0—70°, was dissolved in ether and the solvent 
removed by rapid evaporation. Although many attempts were 
made to obtain it, a pure intermediate compound could not be 
isolated. 

The preceding decomposition product was rapidly extracted with 
150—200 c.c. of hot. benzene without the solution being actually 
boiled. On cooling, the bromo-acid separated in needle-shaped 
crystals, which were recrystallised from hot benzene or chloro- 
form, © 

Instead of the sulphuric acid being added at the commencement 
of the reaction, the pyruvic acid may be caused to react with, say, 
1 per cent. of the bromine at about 50°, the mixture cooled to 0°, 
and the experiment carried out as described above. The hydrogen 
bromide generated in this manner appears to activate the pyruvic 
acid almost as readily as a trace of sulphuric acid. 

The most convenient way of preparing bromopyruvic acid in 
quantity is to treat pyruvic acid (1 mol.) with bromine (1 mol.) 
in small portions at about 50°. The hydrogen bromide is re- 
moved as completely as possible by passing a rapid current of 
dry air or carbon dioxide through the apparatus from the com- 
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mencement, and the product is then recrystallised as previously 
described. 

Pure bromopyruvic acid is colourless and melts at 59°; it is 
readily soluble in water, alcohol, acetone, or ether, sparingly soluble 
in benzene or chloroform, and almost insoluble in light petroleum 
or carbon tetrachloride. It is most conveniently recrystallised 
from hot benzene; when crystallisation is about to commence, a 
magnificent fluorescence will be observed which is of a brilliant 
violet colour with the pure acid, but may be purple or green under 
other conditions. The bromo-acid is usually obtained in clusters 
of irregular leaflets, but from benzene it may be deposited in long, 
thin, rectangular prisms and from chloroform in large, flat, regular 
hexagonal prisms; mixtures of the two forms were often observed 
and both forms had the same melting point. 

The acid in aqueous solution reduces Fehling’s solution rapidly 
(distinction from pyruvic acid), gives a precipitate with phenyl- 
hydrazine acetate, and does not react with silver nitrate in the 
cold; on warming, silver bromide is rapidly deposited [Found: 
Br (volumetrically) = 47°1, 47°9; equiv. (by titration with N/10- 
alkali) = 84:1. C,H,0,Br requires Br = 47°8 per cent.; equiv. 
= 84:0]. 

Ethyl bromopyruvate, CH,Br'CO-CO,Et, was prepared by treating 
ethyl pyruvate (b. p. 46°/13 mm.) with bromine (1 mol.) at about 
70°. The product was a pale yellow oil which on fractionation 
gave some ethyl pyruvate, a large proportion of ethyl bromo- 
pyruvate, b. p. 98—100°/10 mm., and a residue which probably 
consisted of condensation products of the ester. 

Ethyl bromopyruvate, which is heavier than, but is rapidly 
hydrolysed by, water, gives all the reactions of bromopyruvic acid 
and yields with aniline a variety of products. It also appears to 
undergo some condensation when warmed with zinc or magnesium, 
either alone or in suspension in ether. 

Colour Reactions of Pyruvic Acid and of Bromopyruvic Acid with 
Sodium Nitroprusside in Alkaline Solution.—It is well known that 
pyruvic acid reacts with sodium nitroprusside in alkaline media 
with the production of intensely coloured solutions, but the great 
variety and complexity of these colour reactions do not seem to 
have been recognised. The following observations were ‘made on 
solutions prepared by dissolving about four drops of pyruvic acid 
or a few crystals of bromopyruvic acid in about 1 c.c. of water, 
adding 4 c.c. of the alkali (5 per cent.), and then 2 c.c. of a 0°5 per 
cent. solution of sodium nitroprusside. Where dilution is indicated, 
the solution was added to about 250 c.c. of water. Slight variations 
in conditions may produce quite different colour changes. 
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Colour after 
Colour on addition of 
Acid. Alkali. Colour. dilution. acetic acid. 
Pyruvic NaOH Dark crimson. Indigo. Yellow, finally 
green. 
ee Na,CO, Pink after 2 mins. Pale pink. Colourless. 
2 NH,OH Bright blue after Blue. ss 
1 min., then violet. 
Bromopyruvic NaOH Brown. Emerald green, Pale yellow. 
then blue. 
“ Na,CO, Pale pink. Paler pink. Colourless. 
ai NH,OH Brown. No characteristic changes. 


It is possible to detect the presence of a very small quantity of 
pyruvic acid in aqueous solution; the concentration of the alkali, 
however, must be about 5 per cent. The colours given by pyruvic 
acid are much more marked than those given by the bromo-acid, 


| and therefore it is possible to detect traces of unchanged pyruvic 


acid in the brominated product. 


Bromination of Acetophenone. 


(a) In Absence of a Solvent—Bromine (8 grams) and acetophenone 
(6 grams) reacted very readily at room temperature, giving a colour- 
less glue which fumed strongly. 

Owing to the rapidity of the reaction, no intermediate stages 
could be observed. Most of the hydrogen bromide was removed 
in a current of dry air, and the product recrystallised from aqueous 
alcohol. The yield of pure bromoacetophenone (m. p. 51°) was 
75 per cent. of the theoretical. The substance has a pungent 
odour and a very irritating action on the eyes and nose. It boils 
at about 133—135°/12 mm. with some decomposition. 

(b) Bromination in Carbon Tetrachloride Solution Bromine 
(8 grams), dissolved in carbon tetrachloride (20 c.c.), was gradually 
added to a solution of acetophenone (6 grams) in the same solvent 
(20 c.c.). After about five minutes, the red solution deposited a 
mass of bright red crystals, leaving a colourless mother-liquor. 
The red crystals immediately began to decompose and finally a 
clear, colourless solution was obtained. The hydrogen bromide 
was removed in a current of dry air, the carbon tetrachloride dis- 
tilled off, and the bromoacetophenone recrystallised from aqueous 
alcohol. The yield was 18 grams (90 per cent. of the theoretical). 
If the reaction is carried out at about 25°, the addition of each 
portion of bromine will cause a temporary bright red turbidity 
without separation of solid, whilst if the temperature of reaction 
exceeds 45°, the bromine may be added in a slow continuous stream 
and no additive compound will be apparent, the substances reacting 
immediately to give a clear, colourless solution. This was found 
to be the most convenient method for preparing bromoacetophenone. 
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Conclusions. 


It is now known that in many cases the bromination of ketones 
and acids is preceded by the activation of the substance through 
the action of a trace of an acid, which may be either sulphuric 
acid or one of the halogen acids (hydrochloric or hydrobromic), 
This is particularly noticeable in the case of acetic acid, pyruvic 
acid, and ethyl pyruvate, less so in the case of acetone and ethyl 
malonate. 

The next stage is a direct combination with bromine either after 
activation by the catalyst, or without any apparent preliminary 
change, as in the case of acetophenone, where no catalyst is required, 
The additive compounds, which are bright red, vary in stability. 
It is necessary to apply heat to decompose the compound derived 
from acetic acid into bromoacetic acid and hydrogen bromide. 
With pyruvic acid, the red additive compound slowly decomposes 
at the ordinary temperature, whilst with acetophenone the 
compound is only stable for a few seconds at the ordinary 
temperature. 

The third stage is the least well-defined and has only been 
studied in the case of pyruvic acid, where the red additive compound 
slowly decomposes, giving a hard, colourless mass which is appar- 
ently an additive compound of bromopyruvic acid and hydrogen 
bromide. 

The fourth stage also is very indefinite except in the case of 
pyruvic acid, where the white compound obtained in the third 
stage gradually decomposes into free hydrogen bromide and 
bromopyruvic acid. In many cases, the third stage cannot be 
distinguished, as the red additive compound decomposes directly, 
giving the bromo-acid or ketone and hydrogen bromide. 

In many cases some of the stages are not observable and in 
others, notably with ethyl pyruvate and ethyl malonate, the 
reaction proceeds with almost explosive violence when it has once 
been started. 

Compounds which are known to enolise are very readily 
brominated compared with those which are not usually regarded 
as being able to exist in an enolic form, and it is always the 
a-hydrogen atom which is substituted. These facts have been used 
as evidence in support of the theory of bromination which assumes 
the enolisation of the carbonyl group: 
-CH -CHBr 


Ll z=—> i + Br, -—> 


-CHBr 
" -C(OH)Br = ph: 


The results described above agree very well with this view, as 
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the stages observed in some of the reactions are precisely those to 
be expected. The theory, however, fails to explain the existence 
of the red additive compound, since there is no reason to suppose 
that the compounds formed by the addition of bromine to the enol 
form of a ketone or an acid should be highly coloured. Further, 
the theory demands the existence of an enolic form of compounds 
such as acetic acid, which form is never met in any other reactions 
of these compounds. 

Whether a satisfactory explanation of the facts will be found in 
this theory or in some form of the theory of “ molecular phases ” 
of different energy content as put forward by Baly (Phil. Mag., 
1920, [vi], 40, 15; T., 1922, 121, 1014; Brit. Assoc. Rep., 1922, 
294) can only be determined by further experiment. 


In conclusion, the author desires to thank Prof. F. 8. Kipping, 
D.Sc., F.R.S., for his continued interest in this work. 


UnNIvERSITy COLLEGE, NOTTINGHAM. [Recetved, June 16th, 1923.] 


CCXLVI.—The Isomorphism of the Amides and Sub- 
stituted Amides of Dichloro- and Chlorobromo-acetic 
Acids. 


By Puytus V. McKir. 


An examination of the aryl dichloro- and chlorobromo-acetates 
from «f-dichlorovinyl ethyl ether (Crompton and Triffitt, T., 1921, 
119, 1874) showed that corresponding pairs of these compounds 
had almost identical melting points, and appeared to be isomorphous, 
forming mixed crystals with one another in all proportions. It 
was of interest, therefore, to determine whether this property of 
isomorphism extended to the dichloro- and chlorobromo-acetamides 
and their N-substituted derivatives. A number of these compounds 
have been prepared and the fusion curves of mixtures of the corre- 
sponding dichloro- and chlorobromo-derivatives determined. Iden- 
tity, or approximate identity, of melting point of each member of 
the pair holds in some cases—the dichloro- and chlorobromo- 
acetethylamides, the dichloro- and chlorobromo-acetanilides, and 
the dichloro- and chlorobromo-acetethylanilides, which resemble 
the corresponding aryl esters in this respect; whilst in others— 
the dichloro- and chlorobromo-acetamides, the dichloro- and 
chlorobromo-acetomethylamides, the dichloro- and chlorobromo- 
acetobenzylamides, and the dichloro- and chlorobromo-acetomethyl- 
anilides—the two melting points lie some distance apart, a distance 
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amounting in the case of the acetamides to as much as 26°3°. But 
in every case isomorphism of the corresponding dichloro- and 
chlorobromo-derivatives and the formation of mixed crystals with 
one another in all proportions appear to hold. Two types of 
curve have been obtained, however: (1) the melting points of all 
mixtures lie on a straight line between, or are identical with, the 
melting points of the two components, and (2) the melting points 
of mixtures fall slightly to a minimum value which is lower than 
the melting point of either of the constituents, pointing to the 
formation of mixed crystals in which the composition of the solid 
crystals is slightly different from that of the liquid. That this 
fall is not due to slight decomposition is shown by the identity of 
melting point obtained on remelting. Decomposition and hence 
fall of melting point, however, will inevitably occur if the heating 
is unduly prolonged. To the former type belong dichloro- and 
chlorobromo-acetamides, -acetoethylamides, -acetomethylanilides, 
and -acetobenzylamides; whilst the dichloro- and chlorobromo. 
acetanilides, the -acetoethylanilides, and the -acetomethylamides 
conform to the second type. 


EXPERIMENTAL. 


Preparation of Material—The ordinary methods of preparation 
of acid amides from the corresponding acid halides was applicable 
to the simple ammonia derivatives. The acid chloride obtained 
by the interaction of «$-dichlorovinyl ethyl ether with chlorine or 
bromine, and careful fractionation, yields, under these conditions, 
dichloroacetamide, m. p. 98°5° (96°, Geuther, J., 1864, 317; 98°, 
Pinner and Fuchs, Ber., 1877, 10, 1066) (Found: N = 10°93. 
Cale. for CHCl,*CO-NH,, N = 10°95 per cent.), and chlorobromo- 
acetamide, m. p. 124°8° (117°, Conrad and Bruchner, Ber., 1891, 
24, 2995; 125—126°, Wolff and Fertig, Annalen, 1900, 312, 168) 
(Found: N=8-13. Cale. for CHCIBrCO-NH,, N = 8:13 per 
cent.), respectively, both of which crystallise readily from 60 per 
cent. aqueous alcohol (with slight loss) or benzene. 

Dichloro- and Chlorobromo-acetomethylamides, -acetoethylamides, 
and -acetobenzylamides.—Excess of the amine, or its hydrochloride, 
in strong caustic soda solution, is treated drop by drop at — 5° 
to — 10°, with vigorous shaking, with the acid halide in ethereal 
solution, and the mixture is poured on to ice and acidified with 
hydrochloric acid; the product crystallises after the solution has 
been kept at — 5° to 0° for some time. Dichloroacetomethylamide, 
m. p. 79° (Found : N = 9°85. CHCl,-CO-NH-CH, requires N =9°87 
per cent.). Chlorobromoacetomethylamide, m. p. 90°3° (Found: 
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N= 7:49. CHCIBr-CO-NH-CH, requires N=7'51 per cent.). 
Dichloroacetoethylamide, m. p. 67°8° (Found: N = 8°97. 
CHCIl,°CO-NH-C,H, 

requires N = 8:99 per cent.). Chlorobromoacetoethylamide, m. p. 
678° (Found: N=7:0. CHCIBr-CO-NH°C,H, requires N = 6°99 
per cent.). Dichloroacetobenzylamide, m. p. 96:2° (Found: N= 
640. CHCl,-CO-NH°CH,°C,H, requires N = 6:43 per cent.). 
Chlorobromoacetobenzylamide, m. p. 105° (Found: WN = 5°30. 
(HCIBr-CO-NH-CH,°C,H, requires N = 5°34 per cent.). 

Dichloro- and Chlorobromo-acetanilides.—Good crystals of these 
compounds were finally obtained by mixing the acid chloride in 
acetone solution with twice distilled aniline (2 mols. plus 10 per 
cent. excess), dissolved in acetone and used immediately after 
disti!lation. The admixture was carried out slowly at — 5° to 
— 10°, the product poured on to a small quantity of ice, acidified 
with hydrochloric acid, and maintained at — 5° to 0° until crystals 
separated. Dichloroacetanilide, m. p. 117°7° (117—118°, Ceck, 
Ber., 1877, 10, 1265) (Found: N = 6°88. Calc., N = 6°87 per 
cent.). Chlorobromoacetanilide, m. p. 116°8° (Found: N = 5°61. 
CHCIBr:CO-NH:C,H, requires N = 5°64 per cent.). 

Dichloro- and Chlorobromo-acetomethyl- and -acetoethylanilides.— 
The above process, using dry ether instead of acetone, gave : Dichloro- 
acetomethylanilide, m. p. 69°9° (Found : N = 6°39. CHCl,*CO-NMePh 
requires N = 6°43 per cent.). Chlorobromoacetomethylanilide, m. p. 
86°6° (Found: N = 5°31. CHCIBr-CO-NMePh requires N = 5°34 
percent.). Dichloroacetoethylanilide, m. p. 54°4° (Found: N = 6°02. 


| CHCI,-CO-NPhEt requires N = 6:04 per cent.). Chlorobromo- 


acetoethylanilide, m. p. 56°4° (Found: N = 4:99. CHCIBr-CO-NPhEt 
requires N = 5:07 per cent.). 

Determination of the Melting Point.—Weighed quantities (about 
1‘5—2 grams in total) of the components were fused together at 
the lowest possible temperature on a watch-glass, and the mixture 
was stirred thoroughly while cooling. The mass was finely ground 
and the melting points were determined on successive small quantities 
by the capillary-tube method. Melting points determined after a 
second similar fusion were identical with the first, showing that 
this method involved no decomposition. Determination of the 
melting point of a quantity sufficiently large to allow of the 
thermometer being immersed in the material was, however, found 
impossible, as the Jong period involved led to definite decomposition. 

In the following tables the observed melting points of mixtures 
of corresponding pairs of compounds are given, together with the 
melting points calculated on the assumption that the melting points 
lie on a straight line between those of the constituents. 
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Dichloro- and chlorobromo- 


acetamides. 
Chlorobromo- . : 

compound Melting points. 
(mol, %). Obs. Cal. 

0 98-5° _— 

5-32 99-9 99-9° 

9-76 101-2 101-0 
11-82 102-4 101-6 
15-64 102-8 102-6 
17°17 102-8 103-1 
25-16 105-1 105-1 
33-78 107-2 107-4 
42-83 109-1 109-7 
50-0 110-8 111-6 
57-54 113-0 113-6 
76-56 118-6 118-6 
84-50 120-1 120-7 

100-0 124-8 --- 


Dichloro- and chlorobromo- 


acetoethylamides. 
Chlorobromo- 
tacetoethyl- : . 
amide Melting points. 
(mol. %). Obs. Cal. 
0 67-8° — 
11-94 67-1 67-8° 
28-21 67-5 67°8 
40-52 67-1 67:8 
49-8 67-9 7:8 
56-23 67-6 67-8 
70-79 67-7 67-8 
86-94 67-7 67°8 
100-0 67-8 — 


Dichloro- and chlorobromo- 


acetanilides. 
Chlorobromo- ; , 
acetanilide Melting points. 
(mol. %). Obs. Cal. 
0 117-7° pre 
10-25 116-6 117-7° 
19-33 116-0 117°6 
35-80 114-8 117°4 
48-5 114-3 117-3 
60-05 113-5 117-2 
73-21 112-9 117-0 
90-61 113-6 116-9 
92-08 113-8 116-9 
94-34 115-0 116-8 


100-0 116-8 — 
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Dichloro- and chlorobromo- 


acetomethylamides. 
Chlorobromo- 
acetomethyl- ; : 
amide Melting points, 
(mol. %). Obs. Cal. 
0 79-0° _- 
15-7 78-6 80-8° 
24-57 78-8 81-8 
33°75 79-9 82-8 
40-94 80-6 83-6 
60-96 82-5 85-9 
78-91 86-1 87-9 
100-0 90-3 — 


Dichloro- and chlorobromo- 


acetobenzylamides. 
Chlorobromo- 
acetobenzyl- J ; 
amide Melting points. 
(mol. %). Obs. Cal. 
0 96-2° see 
19-5 97-3 97-9° 
31-58 98-0 99-0 
40-31 99-8 99-7 
49-69 99-6 100-6 
62-96 101-0 101-7 
77-2 102-4 103-0 
100-0 105-0 si 


Dichloro- and chlorobromo- 


acetomethylanilides. 
Chlorobromo- 
acetomethyl- ’ ' 
anilide Melting points. 
(mol. %). Obs. Cal. 
0 69-9° — 
16-71 72-1 72°7° 
25-59 73°5 74-2 
33°74 74-4 75:5 
50°54 77-7 78:3 
62-58 80-3 80-3 
76-15 82-4 82-6 
91-41 85-2 85-1 
100-0 86-6 - 
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Dichloro- and chlorobromo-acetethylanilides. 


Chlorobromo- 
acetoethyl- , : 
anilide Melting points. 
(mol. %). Obs. Cal. 
0 544° — 
13-99 53-1 54-7° 
25-10 52-7 54-9 
37-69 52-3 55:1 
46-37 52-2 55:3 
51-77 52-4 55-4 
61-03 52-7 55-6 
76-81 53-7 55-9 
82-02 54-4 56-0 
100-0 56-4 a 


The two acetomethylamides being omitted, the maximum 
depression from the straight-line curve joining the melting points 
of the two components is caused by the presence of the phenyl 
group. The acetoalkylanilides show less depression than the 
simple acetoanilides, the acetoalkylamides less than the acetoalkyl- 
anilides, and the unsubstituted acetamides least of all in the 
following order : ~-NHPh, -NHMe, ~-NPhEt, -NPhMe, ~-NH-CH,Ph, 
-NHEt, -NH,. The curve of the melting points of the dichloro- 
and chlorobromo-acetomethylamides is out of order in this arrange- 
ment in showing a greater depression than that of either of the 
substituted anilides. 


I wish to express my indebtedness to Mr. Holland Crompton 
for much help and criticism. 


BEDFORD COLLEGE, 
REGENtT’s Park, N.W. 1. [Received, May 8th, 1923.] 


CCXLVII.—The Hydrates of Potassium and Lithium 
Platinocyanides and the System Potassium Platino- 
cyanide—Lithium Platinocyanide—W ater. 

By Henry TEeRREY and VicTroR GEORGE JOLLY. 


EMERSON Rerynoxps (Proc. Roy. Soc., 1909, [A], 82, 380) describes 
some experiments on the effects of cooling lithium platinicyanide 
in liquid air and ascribes the colour changes produced by the change 
of temperature to the loss of water, the colourless trihydrate on 
heating or cooling breaking down and giving the red dihydrate. 
A specimen of the dihydrate given to us by Professor Reynolds 
proved on analysis to be lithium platinocyanide contaminated with 
a little of the potassium salt. Before attempting to elucidate the 
Reynolds phenomenon, it was necessary to investigate the hydrates 
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of the lithium and potassium salts and the system potassium 
platinocyanide-lithium platinocyanide-water, since the colour 
changes observed by Reynolds occur when the lithium salt contains 
potassium salt. Moreover, considerable divergence exists in the 
literature with regard to the nature of the hydrates of these two 
salts. The degree of hydration of the potassium salt varies from 
3 to 12 molecules of water. 

The lithium salt is described by Martius (Inaug. Diss., Gottingen, 
1860) as a milk-white, crystalline material with a blue surface 
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shimmer, by Haidinger (Ber. Wien Akad., 1852, 8, 109) as rose- 
red crystals, and by Baumhauer (Z. Kryst. Min., 1911, 49, 118) 
as light-green, prismatic crystals with a sky-blue fluorescence. 
The present authors find that a number of hydrates of both salts 
are capable of existence, the commonest of which is the trihydrate 
in the case of the potassium salt and the pentahydrate in that of 
the lithium salt, and that at 241° a double salt dihydrate is 
formed within certain limits when the two salts are mixed. 


EXPERIMENTAL, 
The Hydrates of Potassium and Lithium Platinocyanides. 


The potassium and lithium salts were prepared by the decom- 
position of the pure barium platinocyanide by means of the requisite 
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amount of the corresponding pure alkali sulphate, and recrystal- 
sation of the product. The barium salt, owing to its slight solu- 
bility in water, can be readily purified. The lithium salt, being 
very soluble in cold water, is slightly more easily recrystallised from 
aqueous alcohol, in which it is readily soluble. It is very difficult 
to get the lithium salt free from traces of other alkalis which are 
always present in the starting product, their presence being easily 
detected in that they give rise to red-coloured double salts which 
may be readily picked out under the microscope from the charac- 
teristic yellowish-green lithium salts. 

In the solubility determinations, the apparatus used was similar 
to that described in the authors’ paper on the use of radioactive 
materials for the determination of water of hydration (this vol., 
p.1979). It consisted of a glass tube provided with a ground-glass 
stopper in which the solution was agitated by means of a mechanical 
stirrer until equilibrium was attained, usually in twelve to twenty- 
four hours. By releasing the stopper, the contents filtered through 
the Gooch crucible and the solid and liquid phases were thus 
separated, the whole apparatus being immersed in a thermostat. 
The values obtained are given in the subjoined tables and are 
plotted in Fig. 1. 


TaBueE [. 
Solubility of Potassium Platinocyanide. 
Solubility Solubility 
(grams of (grams of 
anhydrous H,0(%) anhydrous H,0(%) 
salt in in salt in in 
100 grams solid 100 grams solid 
Temp. of water). phase. Temp. of water). phase. 
0-10° 11-60 18-8 45-00° 95-43 12-1 
9-80 19-76 -- 49-90 109-20 _- 
14-40 26-53 19-8 55-40 127-5 a 
16-38 28-63 12-4 60-40 139-1 8-6 
17-42 29-02 12-5 67-50 156-9 8-9 
20-05 33-83 — 74:50 175-2 8-9 
22-65 37-73 12-5 78-20 173-2 — 
25-00 41-93 12-6 83-60 178-3 = 
35-00 64-16 12-3 87-20 184-0 5-5 
39-75 78-23 12-3 95-00 210-9 =. 


The theoretical amounts of water in the hydrates are as follows : 
1H,O = 4°56; 2H,O = 8°90; 3H,O = 12°54; 5H,O = 19:27 per 
cent. 

By using the dilatometric method, the transition temperatures 
observed were: 13°35°, 52°4°, and 74°4°, which are practically 
identical with those obtained on plotting the solubility against the 
temperature (Fig. 1, curve I). 
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TABLE II, 
Solubility of Lithium Platinocyanide. 
Temp. Solubility.* Temp. Solubility. Temp. Solubility, 


0-0° 105-0 32-2° 152-4 45-7° 165-0 
16-3 139-5 34-9 166-6 46-6 176-1 
22-2 141-5 35-0 154-6 47-2 186-0 
23-0 153-5 35°8 155-6 48-0 173-0 
24-1 144-8 37:3 173-0 49-2 173+1 
25-0 144-7 38-0 155-3 50-1 175-8 
25-7 153-0 38-8 158-2 53-0 182-0 
25-8 146-0 39-2 154-4 55-2 173-8 
26-5 147-5 40-0 160-3 60-7 178-0 
26-8 151-2 42-5 160-5 64-8 185-7 
28-5 148-5 42-7 181-2 66-0 205-2 
30-1 152-3 43-1 188-2 71-0 204-0 
30-5 156-1 43-2 162-3 78-2 2137 
31-5 152-0 45-0 196-0 88-2 229-0 

89-8 238-7 


* Grams of anhydrous salt in 100 grams of water. 


In this case, dilatometric measurements gave transition points 
at 26°, 38°, 46°, and 69°, whereas the solubility curve (Fig. 1, 
curve II) shows transition points at 29°5°, 39°5°, 49°, and 72°, 
For this salt, however, the determination of the degree of hydration 
of the solid phase presented considerable difficulty. The separated 
crystals retained large quantities of mother-liquor which could not 
be removed by draining or centrifuging, and the values obtained, 
especially at higher temperatures, were untrustworthy and are 
not recorded. Although attempts to overcome this by using dyes 
and radioactive materials as indicators of the amount of mother. 
liquor present in the solid phase were made, the question whether 
the breaks in the solubility and dilatometric curves represent 
definite hydrates is thus left undecided. There is no marked 
colour change of the solid phase separating through the range 
investigated. At the ordinary temperature, lithium platinocyanide 
separates with approximately 5 molecules of water, although the 
values obtained on dehydration of specimens dried in the air or 
between filter-paper gave values slightly under this amount, the 
mean value being 21°4 per cent., whereas the pentahydrate requires 
22°3 per cent. We may compare this with the magnesium salt, 
which shows a similar divergence (Tammann, Z. anorg. Chem., 
1897, 15, 319). If the moist crystals are dehydrated at constant 
temperature in a current of dry air, and the loss of weight is plotted 
against time, the curve indicates that the rate of loss of water 
changes abruptly at points corresponding with the penta- and 
tetra-hydrates, so that at least these hydrates are capable of exist- 
ence. If Wilm’s method for the determination of the degree of 
hydration of these salts (Ber., 1886, 19, 950) be used (that is, allow- 
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ing the dehydrated salt to rehydrate in the air), it is found that 3 
molecules are quickly taken up and then more slowly full rehydration 
takes place. 


The System Lithium Platinocyanide—Potassium Platinocyanide- 
Water at 24°1°. 


Various proportions of the two salts were mixed with water 
and stirred continuously for one to two days. The solid separating 
was filtered in the Gooch crucible and the solid and liquid phases 
were analysed. The method of analysis used was to dehydrate 
the two phases and then dissolve the weighed solids in a known 
volume of water. In an aliquot portion, the platinocyanide was 
precipitated with silver nitrate and the excess of silver removed 
with hydrochloric acid. The amount of potassium in the filtrate 
was determined as perchlorate and the lithium by difference. This 
method of procedure gave good results when tested on known 
mixtures and is preferable to the more usual method of decomposing 
the platinocyanide with ammonium chloride, loss of alkali always 
ocurring when this method was attempted. The results of the 
analysis are appended. 


TaBueE III. 
Percentage analysis of Percentage analysis of 
liquid phase. solid phase. 

K. Li H,0. K. Li H,O 
28-6 — 71-4 87-5 — 12-5 
26-9 4:6 68-5 87-2 —_— 12-8 
26-5 6-1 67-4 87-7 — 12-3 
23-6 10-2 66-2 90-5 —_ 9-5 
20-2 19-3 60-5 94-3 _ 5-7 
19-4 22-0 58-6 89-4 — 10-6 
19-8 23-0 57-2 90-8 — 9-2 
16-1 27°3 56-6 87-5 — 12-5 
18-2 28-7 53-1 86-0 1-1 12-9 
18-7 29-3 52-0 55-0 34:6 10-4 
18-6 29-3 52-1 59-5 27-9 12-6 
16-1 © 28-5 55-4 52-0 24-9 13-1 
13-9 30-5 _ 55-6 45-6 36-9 17-5 
12-3 34:0 53-7 —_ —_— —_— 
11-2 36-5 52-3 46-9 38-7 14-4 

9-2 38-9 51-9 43-5 39-3 17-2 

4-4 45-9 49-7 43-6 40-0 11-4 

2°7 52-1 45-2 43-9 42-0 14-1 

2-2 54-1 43-6 — — —_ 

1-7 54-2 44-1 34-4 50-2 15-4 

— 59-2 40-8 — — — 


These results are plotted in Fig. 2. As is evident from this 
figure, starting from the lithium salt end, a double salt of the com- 
position LiKPt(CN),,2H,O separates until the concentration of 
the potassium salt in the liquid reaches 38 per cent., when the 
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trihydrate of the potassium salt separates. Near the transition 
point, equilibrium is very slowly attained, and consequently the 
analysis of three of the solid phases indicates that their composition 
lies between that of the potassium salt and the double salt. The 
latter is of a ruby-red colour, with a characteristic blue shimmer, 
and gives on dehydration a yellow solid which very rapidly rehy. 
drates on exposure with re-formation of the dihydrate. 


Fia. 2. 
K,Pt(CN), 


H,0 Li,Pt(CN), 


The fact that a double salt separates from the extreme lithium 
salt end and that a small amount of the double salt gives a red 
colour to a mass of the lithium salt, explains some of the discrepancies 
in the description of the lithium salt and why the double salt was 
earlier mistaken for the lithium salt (compare Martius, loc. cit.). 


This research was undertaken at the suggestion of Professor F. G. 
Donnan, to whom our best thanks are due. 


University COLLEGE, LONDON. [Received, June 20th, 1923.] 
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OCXLVITI.—T he System Ferric Oxide—Phosphoric Acid- 
Water. A New Phosphate. 


By SypNgEy RaymMonpD CaRTER and Norman Hott 
HARTSHORNE. 


{ais work was originally undertaken to throw some light on the 
interaction between sulphur dioxide and ferrous phosphate.* In 
strong solutions of phosphoric acid, ferrous phosphate is oxidised 
to a considerable extent by sulphur dioxide, but, on the other 
hand, sulphur dioxide is unable to reduce ferric phosphate (Wardlaw, 
Carter, and Clews, T., 1920, 117, 1241). Further, the oxidation 
potential of ferrous-ferric mixtures is appreciably lowered by the 
presence of phosphoric acid (Carter and Clews, unpublished work). 

It was thought that a probable explanation of this was to be 
found in the relative stabilities of the compounds which phosphoric 
acid forms in solution with ferric phosphate and with ferrous 
phosphate, respectively, and therefore it was proposed to study both 
the system with which the paper deals and also its ferrous analogue. 

The ferric system has, however, shown so many points of interest 
and, further, has offered so many experimental difficulties that up 
to the present we have been unable to complete the second part 
of our programme and therefore we publish the present work 
more as an addition to chemical knowledge of the ferric phosphates 
than as having a bearing on the above problem. We hope to 
communicate the results of the corresponding ferrous system at a 
later date. 

Cameron and Bell (J. Physical Chem., 1907, 11, 363) investigated 
the system between the concentrations 0°942 and 4-706 per cent. 
of P,O,; at 25°, Their results show a continuous change in the 
composition of the solid phase and would appear to indicate in- 
creasing iat ta of phosphoric acid by a compound 

Fe,0,,P,0,;,7H,0. 

Erlenmeyer (Annalen, 1878, 194, 187) prepared three well- 
defined ferric phosphates to which he assigned the formula 
Fe,03,P,0,;,4H,O, Fe,03,2P,0,,8H,O0, and Fe,0,,3P,0,,6H,0. 

He also obtained a series of amorphous products in which the 
ratio FeO, : P,O,; varied from 8:9 to8:11. To these he assigned 
definite formule, but the present work and that of Cameron and 
Bell led us to the conciusion that they merely represent stages in 
the adsorption process mentioned above. 

Weinland and Ensgraber (Z. anorg. Chem., 1913, 84, 349) pre- 
pared a neutral phosphate by heating ferric chloride with phosphoric 


acid or with primary potassium phosphate on the water-bath, 
4F2 
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This is evidently the same compound as that obtained by Erlen. 
meyer, who prepared it by boiling either of the acid compound; 
with water or by heating ferric oxide or hydroxide with phosphoric 
acid on the water-bath. These workers, however, attribute 5 and 
not 4 molecules of water to the salt. It is a pink, microcrystalline 
powder and is not easily dissolved by dilute acids. 

Further, they observed a marked difference between this and 
the product obtained by precipitating ferric salt solutions with 
alkali phosphates in the cold. This is a yellowish-green, amorphous 
powder, variable in composition, always containing more acid 
radicle than is required for a neutral compound, and usually associ. 
ated with some alkali. It is easily soluble in dilute acids. 

Evidence is also produced to show that the so-called acid phos. 
phates are in reality ferriphosphoric acids and that the crystalline 
neutral phosphate is a ferric salt of one of these. The formule 
they propose are : 


Fe[Fe(PO,).],5H,O for Erlenmeyer’s Fe,0,,P,0;,4H,O. 
H,[Fe(PO,).],2°5H,0 _,, - Fe,0,,2P,0,,8H,0. 
H,{Fe(PO,)s] is a Fe,0,,3P,0,;,6H,0. 


They suggest that the siidiinsehiann phosphates are phosphates of 
aquo-ferric bases. 


The Seiten at 25°. 


Preliminary experiments were made at this temperature by 
stirring excess of commercial “ pure ” ferric phosphate with different 
strengths of phosphoric acid. The mixtures were made up by 
grinding the components together in a mortar, filtering the resulting 
cream through glass wool to remove lumps, and then transferring 
the filtrates to solubility tubes, in which they were stirred first for 
one hour at 100° to hasten any chemical change necessary for the 
attainment of equilibrium and then from three to seven days at 25°. 
The stirrers were fitted with ground glass bearings in place of the 
usual mercury seal, and in practice they proved sufficiently air-tight. 

When it was thought that equilibrium had been reached, stirring 
was stopped and the solid phase allowed to settle. By means of 
an inverted asbestos filter, the liquid phase was drawn off into 4 
weighing bottle and a portion of the moist solid remaining was 
transferred as quickly as possible tq another weighing bottle. 
The two samples were analysed and the composition of the dry 
solid determined graphically by the well-known method of Schreine- 
makers (Z. physikal. Chem., 1893, 11,76). Microscopic examinations 
were also made. The analysis was carried out by dissolving the 
sample in hydrochloric acid and estimating the iron by titration 
with potassiym dichromate after reduction with stannous chloride. 
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The phosphate was estimated by titration with uranium acetate 
after removing the iron by ammonium sulphide. The method of 
carrying out this latter separation was as follows. The ammonium 
sulphide was freshly prepared by saturating 5N-ammonia with 
hydrogen sulphide. This was then added in slight excess to the 
lution to be analysed, and after a few moments’ stirring with a 
rubber-tipped glass rod the whole of the ferrous sulphide aggregated 
as small flocks. This was filtered off and washed with N—2N- 
ammonium sulphide. The whole operation was conducted in the 
old. The filtrate was boiled to expel excess of hydrogen sulphide 
and ammonia. This process usually caused the precipitation of 
siphur, but as this passed off with the steam or aggregated to 
small lumps it did not interfere with the succeeding operations of 
the analysis. The resulting solution, which thus contained am- 
monium phosphate and chloride, was then titrated as above. 

The results obtained proved to be of little value as an indication 
of the course of the solubility curve, since it was found later that 
the ferric phosphate used was contaminated with alkali phosphate 
and had evidently been prepared by precipitation with this reagent : 
indeed it appears that the only ferric phosphate obtainable is 
prepared in this way and therefore is untrustworthy for such work 
as the present (vide Weinland and Ensgraber, loc. cit.). The results 
of Cameron and Bell (loc. cit.) may be open to the same criticism, 
ire byfisince they state that they used a ferric phosphate which they did 
fferent Jnot analyse. 
up by At the lowest acid concentrations, however, it has been con- 
sulting fsidered quite permissible to accept the information obtained in 
ferring Jregard to the solid phases, since the nature of these would be un- 
rst forfaflected by the presence of a soluble impurity such as sodium 
or thefphosphate. This portion of the work therefore has been combined 
at 25°.ivith that of Cameron and Bell, and the two sets of results are 
of thefiiven in Table I below and are plotted in Fig. 1. 

-tight. , 


is and 
S with 
rphous 
e acid 
associ- 


l phos. 


talline 
rmule 


ates of 


tirring TABLE I. 
ans of Ferric phosphate mixtures at 25°. 
into 4 Liquid phase. Moist solid phase. 
ig was Mixture. % Fe,O3. % P,O,. % Fe,O3. % P,O;. 
bottle A 0-0105 0-942 15-11 13-81 
‘ B 0-0205 1-984 19-35 17-90} Cameron 

ie dryf oC 0-0384 2-838 23-11 22:54;> and 
weno _ D 0-0611 3-770 15-13 17-73 Bell 

; E 0-0849 4-706 20-43 23-37 
ations 

h 1 Trace 5-93 9-57 14-3 

ng thef 9 0-23 10-1 11-35 17-5 
ration 3 1-40 14-1 24-40 27-1 

, 4 2-43 19-8 21-49 27-7 
loridef 5 4-42 21:7 21-36 28-3 
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It will be seen that, as previously stated, Cameron and Bell’s 
results (broken lines in Fig. 1) show a continuous change in the 
composition of the solid phase and would appear to indicate 
adsorption of acid by a compound of the formula Fe,0,,P,0;,H,0, 
since the left-hand conjugation line (A) almost coincides with 
the imaginary line drawn from the H,O corner through the point 
Fe,0,,P,0;,5H,O. In the present work, mixture 1 gives a line 
in conformity with this. Mixture 2, however, shows a complete 
change, the line passing very close to 
Fie. 1. the compound Fe,0,,P,0;,5H,O, and 
mixtures 3, 4, and 5 produce lines 
actually converging on this point. 

Thus it appears that at the lowest 
acid concentrations there exists a 
neutral compound which adsorbs more 
or less acid, according to the concentra- 
‘© tion in the liquid phase, and that the 
phosphates of variable composition 
_ described by Weinland and Ensgraber 
(loc. cit.) and also the precipitates of 
Erlenmeyer (loc. cit.) are merely differ- 
ent stages in this adsorption process. 

At higher acid concentrations, we 
have a definite compound which is 
clearly the Fe,0,,P,0;,4(or 5)H,O de- 
scribed by the above workers. It will 
be seen that the present results sup- 
port the contention of Weinland and 
Ensgraber that there are 5 and not 4 
molecules of water as proposed by 
Erlenmeyer. In this connexion, it is 
interesting to note that the latter's 
figures would have fitted equally well a 
95° compound having 4°5H,O. His theory 
certainly finds support in the com- 
position of the mineral strengite, 
FePO,,2H,0, but this was probably formed under very different 
conditions. 

The difference in behaviour evinced by the two forms of neutral 
phosphate is evidently to be explained by a fundamental difference 
in constitution. It will have been seen in the early part of this 
paper that Weinland and Ensgraber have already indicated as 
much, and in the light of the present results we may advance the 
still more definite view that the one compound is a true ferric 
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phosphate capable of adsorbing phosphoric acid, whilst the other 
jsa ferric ferriphosphate, Fe[Fe(PO,),],5H,O. 

Microscopic examination of the two forms failed to reveal any 

t difference. Both appeared to be amorphous, although 
fe,0;,P,0;,5H,O was certainly the more granular. It did not, 
however, exhibit a definite crystalline form as described by Wein- 
land and Ensgraber. Probably this was on account of its method 
of preparation; Erlenmeyer too describes it as a granular powder. 

Returning now to the determination of the solubility curve and 
the solid phases stable at the higher acid concentrations, it has 
been seen that the use of commercial ferric phosphate is not to be 
recommended. During an examination of the possibilities of new 
starting points, a phosphate was prepared from an oxidised solution 
of pure iron wire in concentrated phosphoric acid by precipitation 
vith a large volume of water. The product, which was a pinkish- 
white, amorphous powder, gave the following results on analysis : 
Fe,0, = 32°0; P,O,; = 34:8; H,O = 33:1 per cent., in which the 
molecular ratio Fe,O, : P,O, = 1: 1°23. 

On being stirred with phosphoric acid, however, it was found 
to set up metastable equilibria not easily disturbed and therefore 
its use was abandoned. 

Attention was next directed to the possibilities of ferric hydroxide. 
Since at 25° this dissolves in phosphoric acid with extreme reluct- 
ance, about one month’s very rapid stirring being found necessary, 
experiments were made in which it was stirred first at 100° until 
all the red colour had disappeared and then at 25°. The results, 
however, at the higher acid concentrations, particularly where the 
liquid was more viscous, proved to be most irregular and led us 
to conclude that a true equilibrium was not being attained. It 
appears that the only sure way of avoiding the formation of meta- 
stable phases is to stir the mixtures solely at the temperature of 
the isotherm required and this consideration led us to abandon 
the work at 25° and select a higher temperature. 70° was chosen, 
since this is the lowest temperature, expressed in round numbers, at 
which ferric hydroxide dissolves in phosphoric acid in the space of 
afew hours. 

The System at 70°. 

Experimental difficulties in the collection of samples of liquid 
and moist solid phases increase at the higher temperatures, par- 
ticularly when, as in the present case, many of the mixtures, are 
extremely viscous, difficult to filter, and possess solid phases which 
are hygroscopic. To combat these difficulties, special apparatus 
was devised the description of which is given in the next section. 
The general experimental procedure for the study of the 70° 
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isotherm was as follows. The mixtures were prepared by grinding 
together the necessary quantities of ferric hydroxide, phosphoric 
acid, and water in a glass mortar and then stirring in a solubility 
bottle in a thermostat. The latter was fitted with a glass window 
to enable the contents of the bottle to be observed without having 
to withdraw it from the bath. It was well lagged with asbestos 
and a small Bunsen flame (controlled by the ordinary type of 
regulator) was found to be sufficient to keep it at 70°. Undue 
evaporation was prevented by covering the surface of the water 
with a layer of paraffin wax. 

The attainment of equilibrium was determined by withdrawing 
samples of the liquid phase from day to day and estimating the 
iron by titration with potassium dichromate solution until constant 
values were obtained. In most cases it was found that four to 
five days were required, but the mixtures were usually stirred for 
considerably longer periods than this. 

The ferric hydroxide used was prepared by precipitating with 
ammonia a nearly boiling solution of 40—50 grams of ferric chloride 
in 2 litres of water. The mixture was meanwhile stirred mechanic. 
ally and after about half an hour was allowed to settle. The 
hydroxide was then washed by decantation, being reheated and 
stirred after every fresh addition of water, until it showed signs of 
becoming colloidal, after which it was filtered and washed until it 
gave only a very faint chloride reaction. It was not found possible 
to wash it quite free from electrolyte. It was then either dried at 
100° and finely powdered or, in the case of mixtures weak in acid, 
used without further treatment. The acid, which was the same 
as that used at 25°, was a perfectly clear and colourless liquid de- 
scribed as Syrupy Phosphoric Acid, sp. gr. 1:75. It was found to 
be free from meta- and pyro-phosphates, phosphites, nitrates, 
metals, and silica, but contained traces of sulphates, chlorides, and 
arsenic. 

On equilibrium being attained, samples of both liquid and moist 
solid phases were withdrawn and analysed for Fe,O, and P,0; 
by the methods used at 25°, with the exception that in the latter 
case the magnesium pyrophosphate determination (Schmitz’s 
method, Treadwell and Hall’s “ Analytical Chemistry,” Vol. II, 
p. 434) was substituted for the uranium acetate titration as 
being more accurate. The solids were examined microscopically 
as before. In addition, rough density determinations of most of 
the liquid phases were made by weighing about 1°5c.c. in a calibrated 
pyknometer. 

After the removal of the samples from the solubility bottle, 
water or acid was added, the mixture again stirred, and fresh 
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determinations were made. In this way, it was possible to in- 
vestigate a considerable portion of the isotherm with one original 
solution. The breaks in the curve were approached from both 
sides, and by appropriate seeding it was ensured that the equilibria 
examined were not metastable. The results obtained are plotted 
in Fig. 2 and are tabulated below. Photomicrographs of the 
crystalline solid phases are shown in Figs. 4—7. 

Owing to the experimental difficulties, the direction of the 
conjugation lines has not proved to be as accurate as is desirable. 
However, by taking into consideration the work at 25° and the 
composition of the already known compounds, we have been able 


Fic. 2. 


to arrive at the formule given in Table II for the solid phases. 
The breaks have not been determined experimentally, but their 
approximate positions are evident from the shape of the curve 
or the direction of the conjugation lines as the case may be. The 
lines drawn parallel to the H,O—Fe,0, side of the triangle in Fig. 2 
indicate that they occur near 5, 40, 53, and 57 per cent. of P,O,, 
and these concentrations correspond to 2:1, 26, 41, and 43 N- 
(gram equivalent)-solutions of phosphoric acid, respectively. 
Dealing now with the solid phases in detail, we see that mixture 1 
shows far less associated acid than a corresponding mixture at 25°. 
This decrease with rise of temperature bears out the contention 
that the change in solid phase composition in this area is due to 


adsorption. 
4 ¥* 


2230 CARTER AND HARTSHORNE: THE SYSTEM FERRIC OXIDE- 


TABLE II. 
The System at 70°. 
Liquid phase. Moist solid phase. Composition and micro- 
Fe,0,; P,0O, Fe,0,; P,O, scopic examination of 
Mixture. 2. ee %. oe Tas solid phase. 
1 — trace 407 99 12-26 Fe,0;,P,0;2H,O and ad. 
sorbed acid. Amorphous, 

2 — under0-1 638 5-1 9-99 

3 — 0-195 14:08 6-00 17-24 

q — 0-252 16-24 735 20-00} Fe,0;,P,0;,5H,O. No 

5 - 1:08 23:56 629 25-45 definite crystalline form 

6 —_ 1-85 27-03 15:25 30-81 visible. 

7 — 449 35:46 11-4 35°75 

8 1:45 545 37-43 17:8 37°33 
20 158 7-12 43-92 = -— 
19 163 7:21 47-27 16-4 47-33 7 6 
18 1657-25 47-87 14-66 48-5 | Fe:0s,2P205,8H,0. 
17-168 §=67-53 «49-76 «15-9 = -49-50 —— 
16 ~— 8-10 52:32 15:13 51-11 
15 1:82 979 53-2 14:3 54:7 ) Fe,0,,3P,0,,10H,O. 
14 1:82 9-50 54:42 15:00 54-29 ** Benzene ring ”’ hexa- 
13 1:82 868 55°84 14:2 55-86 gonal plates. 
11 4177 528 5807 — — ) Fe,0,,3P,0;,6H,O. 
10 — 442 59:12 838 59-57 Elongated hexagonal 

9 — 3°46 60-47 8-46 60-73 plates. 


Comparison with the few experiments made with ferric hydroxide 
at 25° shows that the compound Fe,0,,P,0;,5H,O has a much 
greater range of existence and is also less soluble at the higher 
temperature. The latter fact really explains the former, because 
the next compound, Fe,0,,2P,0;,8H,O, appears to have an almost 
negligible temperature coefficient, so that in the solid figure its 
saturation surface remains practically parallel to the side of the 
prism, whilst that of Fe,O;,P,0;,5H,O must slope towards it and 
so spread over its neighbour with rise of temperature. 

As at 25°, both the neutral phosphates failed to reveal any 
definite crystalline form when examined under the microscope. 

The diacid compound, Fe,0,,2P,0;,8H,O, which has just been 
mentioned requires little further comment except that whereas 
Erlenmeyer described it as crystallising in four-sided prisms, our 
product invariably appeared as needles with pointed ends (Fig. 4), 
which, of course, may have been merely a distorted form. 

The most interesting feature of the results is that they reveal 
the existence of a compound which, so far as is known, has not 
been described before, and to which we have assigned the formula 
Fe,0,,3P,0,;,10H,O. This composition is only tentatively advanced 
at present, since it is based solely on the three conjugation lines 
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13, 14, and 15, which are not very definite as regards their destin- 
ation. It is, however, the only formula which can be reconciled 
with them, having regard to what is to be expected in this region 
of the isotherm, namely, a higher hydrate of Fe,0,,3P,0,;,6H,O. 
If we accept Weinland and Ensgraber’s co-ordination formula 
for the latter, the new compound merely becomes its dihydrate, 
[Fe(PO),]H¢,2H,0. 

It crystallises in hexagonal plates, perfect specimens bearing a 
striking resemblance to the conventional benzene ring (Fig. 5). 
It was at first thought that they were another form of the elongated 
hexagonal plates of Fe,0;,3P,0;,6H,O (Fig. 6), but in addition to 
the evidence furnished by the conjugation lines we have actually 
followed under the microscope the transition from the “ benzene 
ring’? type to the elongated type brought about by raising the 
acid concentration, so that there is no doubt that they are different 
compounds. Furthermore, the interfacial angles of the crystals 
are not the same. 

Erlenmeyer describes Fe,03,3P,0;,6H,O as crystallising in 
thombic plates, and on subjecting a suitable liquid phase to the 
isothermal removal of water at 70° (without stirring) we too obtained 
itin this form (Fig. 7). The identity of the two forms was proved 
by drying specimens of each with absolute ether after the manner 
used by Erlenmeyer (loc. cit.) and submitting thenr to analysis, 
the results of which are given below. 


Elongated 
Rhombic _ hexagonal 
plates. plates. Required for Required for 
Found. Found. Fe,0;,3P,0;,6H,O. Fe,0;,3P,0,;,10H,O. 
Fe,0; 22-9 23-0 23-0 20-9 
PO, 60-0 59-0 61-4 55°7 
H,0 (by 17-1 18-0 15-6 23-5 


difference) 


We have not been able to apply such a confirmatory test to the 
constitution of the new compound, since up to the present we 
have been unsuccessful in obtaining a sufficient quantity to 
manipulate in the drying apparatus. 

All the solid phases were pinkish-white, whilst the colour of the 
liquid phase varied from colourless to deep rose-pink with increasing 
acid concentration up to mixture 13, after which it became decidedly 
brown. This latter colour therefore appears to be a property of 
Fe,0;,3P,0,;,6H,O when in solution, although in the solid state it 
is pinkish-white, as already stated. 

From the dotted lines joining the H,O corner of the triangle with 
the points representing the three acid compounds, it will be seen 


that each of these is decomposed by water with formation of the 
4*2 


2232 THE SYSTEM FERRIC OXIDE—PHOSPHORIC ACID—WATER. 


neutral compound which in the case of two of them is in conformity 
with Erlenmeyer’s work. 


Method of Collecting Phase Samples at 70°. 


The apparatus is shown in Fig. 3. To collect a sample of moist 
solid the pulley on the axis of the stirrer (shown dotted) was replaced 
by the air-tight tube H, and after the solid had subsided dry con. 
pressed air was admitted at C so as to force the sludge into the 
weighed collector, L, the base of which was formed of a perforated 
filter-plate covered with asbestos. In this operation, the tube 0 
acted as an overflow trap, whilst the clip, NV, regulated the admission . 


Fic. 3. 
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of the sludge to L. By raising the tube K and closing N the com-§: 
pressed air was made to express liquid from the sample in L, which} 
was then removed, closed with ground stoppers, and weighed. 
The sample was subsequently dissolved out and examined. The 
filtration was thus carried out at the temperature of the thermostat, 
a precaution which was necessary on account of the length of time 
required by some of the more viscous mixtures. 

For the collection of liquid samples a separate apparatus, 4, 
was employed, since this operation was of frequent occurrence and 
something more simple to manipulate was desirable. It was con- 
nected to the solubility bottle through the tube D in place of the 
moist solid collector by means of the sliding connexion, Z, and, 
after suitable adjustment, the specimen was blown over into the 
weighing bottle, X, through the filter, Y. 

It is probable that these methods will prove useful in other 
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uilibria investigations, particularly those involving viscous 
jiquids at high temperatures. 


Summary. 


The system ferric oxide—phosphoric acid—water has been studied 
at 25° and 70°. 

At 25°, we have been able to co-ordinate the work of previous 
investigators on the neutral ferric phosphates. It appears that at 
the lowest acid concentrations a compound, Fe,0,,P,0,,7H,0, is 
stable which adsorbs phosphoric acid from the mother-liquor, and 
is probably a true ferric phosphate. At higher concentrations, 
this changes to a compound, Fe,0,,P,0;,5H,O, which has no 
adsorptive power and is probably a ferric ferriphosphate. 

At 70°, we have shown the existence of the above solid phases, 
the compounds Fe,0,,2P,0,,8H,O and Fe,0,,3P,0;,6H,O which 
are already known, and also that of a new compound to which 
we have assigned the formula Fe,0,,3P,0;,10H,O. 


In conclusion, one of us (N. H. H.) desires to thank the Depart- 
nent of Scientific and Industrial Research for a grant which enabled 
a portion of this work to be carried out. 
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CCXLIX.—Bromination of Aliphatic Acids. 
By Brian Duncan SHaw. 


Tae work described in this paper was undertaken with the object 
of testing the suggestion put forward by Lapworth (T., 1904, 85, 41) 
that the action of halogens on carboxylic acids in presence of red 
phosphorus is the result of an enolic change which is catalysed by 
the hydrogen halide produced by the action of phosphorus halide 
on the water present, and on the acid itself. 


R-CH,°CO,H == R-CH:C(OH),. 
RCH:C(OH), + Br, = R-CHBr-CBr(OH),—> R-CHBr-CO,H + HBr. 


This view does not take into account the acid bromide and 
anhydride, substances which must be formed when more phosphorus 
tribromide is produced than is needed to react with the trace of 
water present in the acid. Moreover, the time required for complete 
bromination when the dry acid, saturated with hydrogen chloride, 
is used is much longer than when phosphorus is employed. Thus 
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Lapworth (loc. cit.) found that a sample of acetic acid, dried ani 
treated with hydrogen chloride in one operation, by heating with , 
slight excess of acetyl chloride, required six hours for bromination 
On the other hand, Ward (T., 1922, 121, 1163), using 2 per cent. of 
red phosphorus, obtained an 80 per cent. yield of bromoacetic acid 
after one hour’s heating. 

According to Lapworth’s scheme, the velocity of reaction between 
acetic acid and bromine should be independent of the bromine 
concentration. To test this deduction, a series of experiments 
was made on the velocity of bromination of acetic acid containing 
hydrogen chloride, phosphorus tribromide, acetyl chloride, or acetic 
anhydride. In each case, the acetic acid was in large excess. When 
hydrogen chloride alone was used, the bromine disappeared slowly 
at a constant rate, independent of its concentration, so that in this 
case Lapworth’s view received confirmation. When any one of 
the other reagents was used, the reaction was initially very much 
more rapid, but the velocity fell off quickly as the bromine con. 
centration diminished. Only when acetic anhydride was used, 
however, was the velocity proportional to the bromine concentration. 
Moreover, when acetic acid containing acetic anhydride was 
saturated with hydrogen chloride, and then heated with bromine, 
the reaction proceeded at approximately the same slow rate as 
when hydrogen chloride alone was used. This result is easy to 
understand only if the anhydride plays an important part in the 
rapid reaction, since a high concentration of hydrogen chloride 
will diminish the amount of acetic anhydride present by driving 
the reversible reaction to the right: 

(CH,°CO),0 + HCl == CH,°COCI + CH;°CO,H. 

Two distinct series of reactions are therefore: indicated, namely, 
that involving the enolic form of the acid, and that in which the 
anhydride appears to play the principal part. The latter is by far 
the more rapid of the two. 

The reaction cycle in the rapid bromination of acetic acid in 
presence of red phosphorus appears therefore to be 


CH,COBr + CH,-CO,H == (CH,°CO),0 + HBr. 
(CH,-CO),0 + Br, = CH,COBr + CH,Br-CO,H. 


The first reaction is reversible, but it will proceed to completion 
because the anhydride is removed by the second reaction, which 
is very rapid under the conditions of experiment. This scheme was 
proposed by Hentschel (Ber., 1884, 17, 1286) and by others. Accord- 
ing to this view, the velocity of reaction between equivalent 
quantities of acetic acid and bromine in presence of acetic anhydride 
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should be proportional to the concentration of the latter. A series 
of experiments with acetic acid containing varying quantities of 
acetic anhydride showed this to be approximately the case. Quanti- 
tative proportionality, however, cannot be expected owing to the 
fact that part of the bromine is reacting with the enolic form of the 
acid. 

A more crucial test consists in studying the effect of hydrogen 
chloride on the reaction velocity. According to Lapworth’s scheme, 
hydrogen chloride should quicken the reaction; according to 
Hentschel, the velocity should be decreased. It is shown in the 
experimental] part of this paper that the latter is the case. 

It seems, then, that when acetic acid is brominated in presence 
of red phosphorus the reaction at first proceeds entirely through 
the anhydride, but as the concentration of bromine diminishes, 
and that of hydrogen bromide increases, this reaction will be checked 
whilst the reaction through the enolic form of the acid will be 
quickened; until at the end, the reaction proceeds entirely in this 
way. 

As a result of these experiments it was found that the use of a 
trace of acetic anhydride as carrier constitutes the best method for 
the preparation of bromoacetic acid. The product is clean, and 
contains no foreign material as it does when phosphorus is employed ; 
indeed, if sufficient bromine be used, the only impurity is a trace of 
bromoacetyl bromide, so that for many purposes further purification 
is unnecessary. If the product be distilled, a yield of pure bromo- 
acetic acid exceeding 95 per cent. of the theoretical can be obtained. 
The method, moreover, is general, and acetic anhydride may be 
used as a carrier for the bromination of acids other than acetic acid. 
In many cases, however, it is difficult to remove the traces of bromo- 
acetic acid and bromoacetyl bromide from the product. 

The reaction between acetic anhydride and bromine is complete 
in a few seconds at 100° if a catalyst such as a trace of hydrogen 
chloride be present. It is probable that this reaction involves 
an enolic change, since Orton and Jones (T., 1912, 101, 1723) found 
the reaction between a large excess of acetic anhydride and bromine 
to be independent of the bromine concentration. The mechanism 


therefore is probably : 
(CH,°CO),0 == CH,:C(OH)-0-CO-CH,. 
CH,:C(OH)-0-CO-CH, + Br, = CH,Br-CBr(OH)-O-CO-CH, —> 
CH,Br-CO,H + CH,°COBr. 
Aschan (Ber., 1912, 45, 1913; 1913, 46, 2162) supported the 


enolic theory of the bromination of acids by a series of experiments 
on the bromination of acid chlorides. A mixture of bromo-acid 
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chloride and bromo-acid bromide was produced. He represented 


the reaction thus : 
a CH,Br-COCl 
Cl Br, Ja va + HBr 
CH,°COC] —> CH,:C—OH —~> CH,BrCC OH 
Br \. 
* CH,Br-COBr 
+ HCl 


A precisely similar result is obtained, however, when o-toluoy] 
chloride is brominated (Davies and Perkin, T., 1922, 121, 2203), 
This compound contains no «-hydrogen atom, and therefore cannot 
exist in an enolic modification, yet the chlorine was almost entirely 
replaced by bromine. The explanation offered by these authors 
is that the hydrogen bromide formed during the bromination of the 
methyl group reacts with the group —COCI. In this connexion, 
it is of interest that Staudinger and Anthes (Ber., 1913, 46, 1417) 
obtained theoretical yields of acid bromides by passing hydrogen 
bromide through the heated acid chlorides. 

To obtain further evidence on this matter, the velocity of bromina- 
tion of acetyl chloride has been measured. The results were not 
in agreement with Aschan’s view, but no simple interpretation can 
be placed on them. It is apparent that more than one reaction 
is involved. 

EXPERIMENTAL. 


The measurements of the reaction velocities were carried out 
as follows. Equal portions of the mixture of prepared acid and 
bromine, sealed in small bulbs, were heated in a thermostat, and 
bulbs were withdrawn and broken under potassium iodide solution 
as required. The liberated iodine was titrated with thiosulphate. 
Absolute values for the velocity constants were not aimed at, but 
precautions were taken to render the results comparable. 

The acetic acid was purified by freezing and by fractionation 
over potassium permanganate (Bousfield and Lowry, T., 1911, 99, 
1432). A specimen purified by the method of Orton, Edwards, and 
King (T., 1911, 99, 78), using phosphoric oxide, was found to react 
readily with bromine without further treatment, showing that it 
contained acetic anhydride. The bromine was purified by Scott’s 
method (T., 1913, 103, 847). It was subsequently dried under pure 
sulphuric acid and distilled. 

When pure acetic acid containing only a few tenths of 1 per cent. 
of water was heated with dry bromine at 100° in sealed bulbs, the 
reaction was at first very slow, but as the concentration of hydrogen 
bromide increased the bromine disappeared more and more rapidly. 
According to Lapworth (loc. cit.), bromoacetic acid can be prepared 
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by saturating 99 per cent. acetic acid with dry hydrogen chloride, 
and heating with bromine for nine hours on the water-bath. The 
author was unable to confirm this result in detail, but a good yield 
of bromoacetic acid was obtained by using a stronger acid (99°6 per 
gent.) and taking special precautions to exclude moisture throughout 
the experiment. Even in these circumstances, it was necessary to 
heat the mixture on the water-bath for thirty-five hours. 

In order to obtain quantitative evidence of the influence of 
hydrogen chloride on the bromination of acetic acid, two portions 
ofthe same sample of 99°6 per cent. acid, one of which had been 
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saturated with dry hydrogen chloride, were heated with pure dry 
bromine in sealed bulbs in the manner already described. The 
results are represented graphically in Fig. 1. 

In the experiments in which acetyl chloride or acetic anhydride 
was used as carrier, enough bromine was added to combine with 
this reagent and leave an excess of approximately 1 mol. of bromine 
per 100 mols. of acid. The reaction between the carrier and bromine 
was very rapid, so that the measurements were not complicated 
by this reaction. 

The curves shown in Fig. 2 were obtained with different portions 
of a sample of acetic acid containing 1 per cent. of acetic anhydride. 
The considerable increase in velocity shown in curve B disappeared 
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completely when the acid was saturated with hydrogen chloride (curve 
A); the latter curve shows also that the velocity was independent 
of the bromine concentration. It seems, therefore, that the con. 
centration of the acetic anhydride had been reduced to a negligible 
quantity. On the other hand, when the system originally contained 
no hydrogen chloride, the velocity varied approximately as the bro. ) 
mine concentration (B). There is no a priori reason why any simple § ob’ 
relation between bromine concentration and velocity should hold, § of 
since three distinct factors are involved : (a) Fallin bromine concen. § ob 
tration due to reaction with the anhydride. (b) Fall in anhydride § tr 
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concentration owing to increase in concentration of hydrogen 
bromide. (c) Fall in bromine concentration due to reaction with 
the enolic form of the acid. 

The side reactions (6) and (c) affect the apparent velocity in 
opposite directions; (a) diminishes whilst (b) increases it. 

In practice, these opposing factors appear to balance, since the 
values of k obtained from the equation k = 1/t.loga/a — x are 
approximately constant. 
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The results obtained with acetyl chloride were not as definite 
as those with acetic acid. The form of the curve obtained (Fig. 3) 
indicates that more than one reaction is involved. As a further 
test, measurements were made using equivalent quantities of pure 
acetyl chloride and bromine, but no constant could be obtained. 

Preparation of Bromoacetic Acid.—The yield of bromoacetic acid 
obtained by the Hell-Volhard reaction is variable and the handling 
of the bromoacetyl bromide is troublesome. Better results are 
obtained by Ward’s method (loc. cit.), but the substitution of a 
trace of acetic anhydride for red phosphorus gives an improved 
yield and a much cleaner product. 


Fig. 3. 
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In the first experiments on the preparation of bromoacetic acid 
the bromine was dried under sulphuric acid and separated with a 
funnel. It was observed that the reaction was sluggish at first 
and more acetic anhydride was required than would have been 
expected according to the amount of water in the acid. This 
was due to the presence of sulphuric acid in the bromine (compare 
Orton and Jones, loc. cit.). Even when the reaction is in progress 
the addition of a trace of sulphuric acid is sufficient to check it. 
Bromine dried by this method should therefore be distilled before 
use. 

The following experiment is typical. One hundred grams of 
acetic acid (99°5 per cent.) were treated with acetic anhydride 
(4 grams). Thirty grams of the mixture were placed in a distillation 
flask fitted with a reflux condenser and bromine (10 grams) was 
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added through the side tube, which was then closed. After the 
mixture had been heated for a few minutes on the water-bath, a 
vigorous reaction set in. When this had subsided, the remainder 
of the theoretical quantity of bromine (70 grams) was added through 
the side tube. When the bromine had entirely disappeared (one 
hour), a pale yellow liquid remained. More bromine was then 
added to make up for that carried away by the hydrogen bromide, 
until a faint colour persisted. On distillation, 67 grams of bromo- 
acetic acid, b.p. 203—207°, were obtained (96 per cent. of the 
theoretical). If the bromine be added in small quantities at a 
time, the condenser will become nearly filled with the bright red, 
crystalline compound, (CH,°CO,H,Br,),,HBr, described by Hell 
(Ber., 1878, 11, 244) and loss of substance will occur owing to the 
volatility of this compound. The addition of all the bromine in 
the early stages of the reaction serves to wash this compound back 
into the flask. A glycerol bath may with advantage be substituted 
for the water-bath. 

Bromoacetic Ester—The reaction product contains sufficient 
hydrogen bromide to allow esterification by the ordinary method. 

Acetic acid (12 grams) was brominated as described above, 
absolute alcohol (27 grams) added to the product, and the mixture 
heated on the water-bath for two hours. The product was poured 
into twice its volume of cold water. The lower layer was separated, 
washed, dried over calcium chloride, and distilled. The yield was 
27 grams (82 per cent. of the theoretical); b.p. 159°. 

Bromination of Acids other than Acetic Acid.—Experiments were 
also made with butyric, isobutyric, valeric, and stearic acids. The 
reaction proceeded smoothly in each case, but only in the case of 
stearic acid was it possible easily to free the product from traces 
of bromoacetic acid and bromoacetyl bromide. 


Summary. 

The bromination of acetic acid is shown to occur in two distinct 
ways, one of which appears to be through the enolic form of the 
acid, the other through the anhydride. 

An improved method for the preparation of bromoacetic acid 
and its ester is described. 


The author wishes to express his thanks to Professor F. S. Kipping, 
F.R.S., for his kind interest in this research, and to the Department 
of Scientific and Industrial Research for a grant which has enabled 
the work to be carried out. 
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CCL.—The Reaction between Phosphorous Acid and 
Iodine. 


By Atec Duncan MITCHELL. 


THE reactions in which phosphorous acid takes part have formed 
the subject of many kinetic studies and the results are almost 
invariably inconclusive. The reason for this appears to be that 
the process of integration is applied to experimental results which 
do not justify its use. Integration is only permissible as a means 
of smoothing experimental error in order to obtain a constant, 
and should not be applied until an examination of actual experi- 
mental differential velocities indicates that the reaction is of the 
order assumed. Towards the later stages of a time-reaction there 
may be large deviations from the supposed order of the reaction, 
and these are almost completely obliterated in the ‘‘ smoothing ” 
process of integration. Also, a case has previously been investi- 
gated (Mitchell, T., 1920, 117, 1322) in which, owing to approximate 
mathematical equalities which obtain over small ranges, integration 
gives extremely concordant “constants”’ although based on an 
assumption which is entirely erroneous. Coniversely, a very small 
“drift ’” in the value of an integrated constant may correspond to 
a large deviation from the hypothesis on which the integration is 
based. 

The reaction between mercuric chloride and phosphorous acid 
has been studied repeatedly (Montemartini and Egidi, Gazzetta, 
1902, [ii], 32, 182; Garner, Foglesong, and Wilson, Amer. Chem. J., 
1911, 46, 361, 648; Linhart, Amer. J. Sci., 1913, [iv], 35, 353; * 
Linhart and Adams, J. Amer. Chem. Soc., 1917, 39, 948) and the 
results obtained are discordant. Dhar (Z. anorg. Chem., 1922, 
121, 156), without referring to any of the previous workers, found 
it necessary to use the square root of the concentration of the 
mercuric chloride (as had been done by Linhart), and in the reaction 
between chromic and phosphorous acids (Ann. Chim., 1919, [ix], 11, 
130) he utilises the 1:5 power of the phosphorous acid concentration. 
It is believed that many of the anomalies formerly encountered, 
especially the use of irrational powers, may receive an explanation 
on the lines of the reaction now discussed. 

Federlin (Z. physikal. Chem., 1902, 41, 565) studied the reaction 
between phosphorous acid and iodine as a subsidiary research 
when investigating the effect of iodine in accelerating the reaction 


* I am indebted to Prof. Linhart for a very courteous letter giving his 
views on this reaction. 
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between phosphorous acid and potassium persulphate. He found 
it to be unimolecular with regard to each reactant, but only carried 
out a few experiments within narrow limits of concentration. 
Steele (T., 1908, 93, 2203) extended this research, and concluded 
that, when reaction takes place in the presence of mineral acid, 
which may be provided by the reaction itself or may be added 
initially, the iodine functions in proportion to the square root of 
its concentration, and therefore it was supposed to act in virtue of 
the atoms formed by dissociation of the molecule. This conclusion 
was based on integrated results, and the velocity coefficients quoted 
in support of this statement showed a considerable deviation in 
each experiment, and, moreover, fell regularly with increasing 
concentration of iodine, other conditions being the same: for 
iodine solutions 0°0093, 0°0190, 0°0285, and 0°0382 molar, the 
constant fell as follows—0:00212, 0°00205, 0°00186, and 0-00169. 
On repeating a few experiments, it was soon noticed that the 
velocity was largely dependent on the amount of potassium iodide 
present—a fact which Steele had noted, but stated to be slight, 
and ignored. This dependence was so marked that in several 
cases solutions with less “‘ available ” iodine had a higher velocity 
than those with more “available” iodine solely owing to this 
cause. This fact obviously invalidated the above conclusions, 
since the progress of the reaction automatically increased the 
amount of iodide-ion present: H,PO, +1, + H,O = H;P0, 
+ 2HI. 

Steele also concluded that hydrogen-ions accelerated the reaction, 
but, as the velocity coefficient was not quite proportional to the 
hydrogen-ion concentration, he used the function (k + k’c) to 
express the relationship, c being the concentration of hydrogen- 
ions, k’ the coefficient due to them, and & a coefficient to represent 
the supposedly slight reaction in their absence. He found k’ to 
be of the order 13 x 10° and & to range from 0°54 x 10° to 0°96 
x 10°, the method used being such as to throw most of the error 
on the second constant. In experiments with initially added acid, 
k’ was lower, its range being 9°7 x 10% to 67 x 10°. In the 
second part of his communication, however, he shows that the 
velocity in presence of acetic acid and sodium acetate is much 
greater at 0° than the former velocity at 35°; in fact, using the 
temperature-coefficient of 4°7 for 10 degrees (p. 2253), the velocity 
in the first case is of the order 60 x 4°75, that is, 13,500 times 
greater than in the second case—a point which it is difficult to 
reconcile with his assumption that & is much smaller than k’. 

On carrying out a few more experiments, several cases were 
encountered in which additional hydrogen-ions had little or no 
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soelerating effect, and as they must have altered the concentration 
of both undissociated phosphorous acid and its ion, it was antici- 
pated that it should be possible to find instances in which additional 
jydrogen-ions actually depressed the reaction velocity. Such 
instances were subsequently discovered in experiments in which 
molecular iodine, as distinct from tri-iodide iodine, was in relatively 
large proportion, and in which, at the same time, additional 
extraneous hydrogen-ions caused a relatively large increase in the 
hydrogen-ion concentration. Steele’s conclusion that the ion was 
the active part of the phosphorous acid is therefore based on false 
premises. 

In view of the new facts thus discovered, it was decided to under- 
take a more detailed examination of the reaction, especially as the 
reactions of hypophosphorous acid have been found to be explicable 
oly on the assumption of its tautomerism (Mitchell, T., 1920, 
117, 1322; 1921, 119, 1266; 1922, 121, 1626; this vol., p. 629). 
It may be stated at once that, although the reaction is very com- 
plicated, there is strong evidence for such tautomerism in the case 
of phosphorous acid. Moreover, the molecular iodine formed by 
the equilibrium KI, == KI + I, is an important factor in the 
reaction; it reacts directly with the normal form of phosphorous 
acid and this reaction is repressed by hydrogen-ions. Simultan- 
eously, the phosphorous acid changes into another form with which 
the I,’-ion reacts. This second reaction is accelerated by hydrogen- 
ions either directly, or, more probably, because they accelerate the 
tautomeric change (as in the case of hypophosphorous acid). For 
reasons which will appear subsequently, it is impossible to say 
definitely whether it is the phosphorous acid ion or molecule which 
takes part in either of the reactions, but the first reaction appears 
to be more sensitive to the depressing effect of hydrogen-ions than 
would be the case if it were due to a direct reaction of the acid ion. 
This hypothesis does, however, give an indication as to why the 
reaction should be very rapid in sodium acetate—acetic acid solution, 
whereas Steele’s explanation gives only indications to the contrary. 
The mechanism of the reaction in these circumstances has not yet 
been reinvestigated, but the data now brought forward are expected 
to aid in its study. 

The reactions outlined above may be represented by the scheme 


H,PO, *°, HPO, + 2HI (repressed by H’ ions) (1) 


(normal form). 


(accelerated {| by H° ions) 
nee, 22. af0.4eer. 2 kt Se 


(second form). 
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which, although indefinite, is believed to mark a distinct advance 
in the treatment of the subject. 

The evidence on which the above deductions are based is sub. 
mitted in the discussion of results, but the development of the 
velocity equations may now be shown. 

Let 7 represent the initial total concentration of phosphorous 
acid, and l’ that of the second form, which is negligibly small but 
in equilibrium with the normal form; 7 is the concentration of 
molecular iodine, a that of the tri-iodide iodine, and A = a + i, 
the total ‘“‘ available” iodine; h is the concentration of hydrogen. 
ions, p that of the total potassium iodide, and f that of the free 
iodide (that is, not combined as tri-iodide). After a time ¢, all 
the foregoing have suffix ¢ added, and s represents the molar con. 
centration of available iodine reduced or phosphorous acid oxidised. 
Then 1, = 1— 8s, A; = A — 8, p, = p + 2s, and the hydriodic acid 
produced = 2s. Also, from the work of Jakowkin (Z. physikal. 
Chem., 1896, 20, 19), the following relation holds: [KI] [I,] = 
0°00135[KI,] or fy, = 0°00135 a, the constant being later designated 
as k 

The oxidation of phosphorous acid according to the first reaction 
is given by 

—dijft=kl . . ~ ~~ + (i) 
The reversible formation of the second form is given by 
+ dl’ /di=kel—kl’ . . .« «© « (2) 
and its oxidation by 
—Wjdt=ka. . . «. « .« (3) 
The total change of the normal form, from (1) and (2), is 
—dijdti=klit+kl—kl’ . .. . (4) 
and that of the second form, from (2) and (8), is 
dl’ dt = kl —kl’—khl’a . . . .~ (5) 
and, finally, the decrease in iodine, from (1) and (3), is 
—dAjdt=ds/dt=kli+kl’a. . . . (6) 


The significance of the constants k,, kj, ks, and ky is obvious. In 
order to eliminate /’ conveniently, dl’ /dt is assumed = 0, since it 
is small compared with the other terms in equation (5), and the 
second form is assumed to react nearly as rapidly as it is produced, 
whence l'(k, + ka) = k,l, and 


ds /dt = ikyt + kykya/(kg + kya)} = Ukyt + kya/(a + hy/ky)} 
or, putting k,/k, = k;, 


ds|dt = Ukyi + kef(l + ks/a)} . . + (7) 
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The same result is obtained by eliminating /’ and di’ /dt in the usual 
way and ignoring differentials of the second order and second 
degree, which are small and opposite in effect. 

The above result has been obtained by ignoring the concentration 
of hydrogen-ions and therefore is only applicable to experiments 
in which that concentration is uniform. The experiments are 
arranged into several groups to fulfil this condition, and the con- 
stants for each group naturally differ: they are discussed later. 

Expression (7) agrees with what was at first thought to be an 
anomaly, namely, that, for any particular experiment, when ds/dt 
was plotted against A, from experimental velocity data, the resulting 
smoothed curve was frequently sinuous and had a point of inflexion, 
whereas, on any simple hypothesis, such as that of Steele, it should 
be a curve of simpler type and concave to the A-axis. Such a 
sinuous curve could be represented in any one experiment by an 
expression, such as the above, which contains three arbitrary 
constants, and this expression might fit other similar experiments 
within a narrow range of conditions; but the fact that, for any 
particular hydrogen-ion concentration, this expression agrees with 
all experiments, covering a wide range of conditions, without any 
variation of the constants is very strong evidence in favour of its 
validity. This evidence is still stronger when it is realised that 
there are two independent variables, a and i, to be taken into 
account. As will be seen, for experiments in the course of which 
there is only slight variation of the hydrogen-ion concentration, it 
covers the whole range of each experiment, and for others it applies 
to the only portion which can be used to test it, namely, the initial 
velocity. 

It will be noticed that the term k,i falls off relatively rapidly at 
frst and then more slowly, whereas the term k,/(1 + k,;/a) falls 
off slowly in the early stages of a reaction and then more rapidly. 
For concentrated iodine solutions the latter term tends towards 
k, as a limit, that is, the I,’-ion cannot utilise the second form of 
the acid any more quickly than the latter is formed. 

Examination of the experimental results having traced the 
reaction to both molecular and tri-iodide iodine, no simple function 
of these other than that developed here was found to agree with 
the results, a simply additive one of the type ds/dt = l(kyi + k,a), 
for instance, being quite inadequate, and one connecting molecular 
iodine with the second form of the acid, such as ds/dt = lik,a + k,/ 
(1 + k;/t)}, being totally inappropriate. 

There is little doubt but that one of the reactions involves the 
formation of an intermediate complex, although it has not been 
possible to demonstrate this from the available velocity data. A 
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few experiments were repeated in the presence of 1°65N-potassium 
chloride, in view of the work of Brénsted (Z. physikal. Chem,, 
1922, 103, 307), who redetermined the iodine—iodide—-tri-iodide 
equilibrium in presence of this strong saline solution, with the idea 
of minimising the well-established variation of activity-coefficients 
with total ion concentration. These experiments showed a very 
pronounced “ lag” during the early stages, but subsequently the 
iodine consumption overtook that in the parallel experiment in the 
ordinary series. Such behaviour is typical of the formation of 
intermediate compounds. 

Since the ratio [T,]/[KI,] is equal to &/[KI], the molecular iodine 
(t) in equation (7) could be replaced by ka/f, and such an expression 
would result from the assumption that an equilibrium H,PO, + 
I,’ = H,PO,°1, + I’ is rapidly attained and that the complex is 
formed in small proportion and decomposes slowly ; the assumption 
is therefore plausible. It is probably in this direction that the 
repressing effect of hydrogen-ions can be explained if a similar 
equilibrium results in the production of hydrogen-ions, but the 
adequate treatment of such complicated cases would introduce so 
many more arbitrary constants that any better agreement which 
might be obtained would be more likely to be due to the wider 
application of such an expression on a purely empirical basis. This 
line of argument is therefore not developed here, but it certainly 
seems that the iodine (7) function is capable of improvement, since 
it usually requires slightly too high velocities for high values of i 
and slightly too low velocities for low values of i, a fact which is 
perceptible in all the series, and especially so in Series C, where 
it is responsible for a large proportion of the velocity. 

No alternative hypothesis can be found, however, which does 
not involve the assumption of the existence of a second form of 
phosphorous acid. 

All calculations are based on velocities derived from a smoothed 
velocity—total iodine curve, since integration gives an extremely 
cumbersome expression and is a far less rigid test of accuracy. 
The experimental error on the velocities is of the order of 2 per 
cent. through the greater part of each experiment, although actual 
titrations were usually accurate to within about one-tenth of this, 
but the initial velocities, being extrapolated graphically from a 
curve which is often changing rapidly, are not necessarily so 
accurate, and may sometimes be as much as 4 per cent. in error. 
The agreement between calculated and observed velocities is usually 
closer proportionately after the initial velocity than at that point. 
Although the deviations are often slightly outside the limits of 
experimental! error, yet, in view of the necessarily approximate 
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nature of the theory and of various data utilised, the hypothesis 
developed, with the reservations discussed above, must be regarded 
as a close approach to the actual mechanism of the reaction. 


EXPERIMENTAL. 


The phosphorous acid used was found, by iodine consumption 
(in the presence of sodium acetate) and by the potassium dichromate 
method (Cocking and Kettle, Pharm. J., 1913, 91, 132), to contain 
93°7 per cent. of phosphorous acid. The latter method was prefer- 
able, since it is not open to possible error arising from slight loss 
of iodine vapour as is the former method. ‘Titration with standard 
baryta gave a value which showed that the remainder of the solid 
was phosphoric acid, and neither water nor other impurities were 
appreciable. A stock solution containing 413°2 grams per litre 
was used throughout, and was 4°72 molar and 0°28 molar with 
regard to phosphorous and phosphoric acids respectively. It was 
checked from time to time and replaced if it showed any sign of 
further oxidation. 

All except two of the experiments (Nos. 6 and 23) were carried 
out with one of two solutions of icdine. The stock solutions were 
N/2 with regard to iodine, and contained 148°8 or 84:0 grams of 
potassium iodide per litre, respectively, the latter being the minimum 
that was necessary to retain the iodine in solution on dilution: 
dilute solutions prepared from this solution readily lost iodine 
vapour. These two solutions corresponded to 3°585 and 2-024 
molecules of potassium iodide per molecule of iodine, respectively. 

All experiments, except that required to ascertain the tem- 
perature coefficient, were carried out at 25°. The other experi- 
mental details do not call for any special description. 

Some of the experiments extended over several weeks and were 
vitiated in their later stages by atmospheric oxidation of the 
hydriodic acid produced, A large number of blank experiments, 
with potassium iodide and hydrochloric acid, showed that (except 
in Nos. 23 and 26) the oxidation was within the limits of experimental 
error over the range which it has been possible to deal with owing 
to the limitations of the theory—that is, the initial stages of the 
relatively slow (concentrated) experiments, and the whole of the 
more rapid (dilute) experiments. 

Concentrations of hydrogen- and phosphite(H,PO,’)-ions are 
obtained by application of the methods used previously (loc. cit.) 
and the data from which the necessary detail is obtained are: for 
phosphorous acid, Ostwald (‘‘ Allgemeine Chemie,” Leipzig, 1893) ; 
for phosphoric acid, Ostwald (op. cit.) and Abbott and Bray (J. 
Amer. Chem. Soc., 1909, 34, 729); and for hydrochloric acid, Bray 
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TABLE I. 
v X 108 (cale.) 
vx10e —- 

Expt. A. ix10% a. f. (found). v, x 10*+-v, x 10*=total. E: 
1 0-0985 523 0:0980 0-253 320 144 171 ~~ 315 ) : 
30-0493 518 0-0488 0-128 315 142 167 309 
70-0198 510 0-0193 0-0510 288 139 156 295 
8 0-00990 493 0-00941 0-0258 265 135 138 273 
14 0-00489 455 0-00444 0-0132 232 125 112 237 ; 

- 16 0-00489 906 0-00398 0-00594 336 250 107 357 } Series 
18 0-00246 726 0-00173 0-00323 282 200 71 9-271 A 
19 0-00246 410 0-00205 0-00674 192 113 78 =«:191 

*23 0-00488 19 0-00486 0-3467 115 5 117 122 : 
25 0-0985 1300 0-0972 6-1013 530 358 170 528 ' 

*26 0-1971 524 0-1966 0-506 320 144 174 318 
9 00986 523 0-0981 0-253 515 97 410 507 
13 0-00489 455 0-00444 0-0133 290 84 207 291 , 
15 0-00489 906 0-00398 0-00594 339 168 194 362 | Series 
20 0:00246 410 0-00205 0-00674 208 76 86129 = 205 B ph 
27 0-00982 493 0-00933 0-:0259 360 91 284 375 sta 
29 0-00246 726 0-00173 0-00323 250 134 114 248 risi 
11 0-00994 493 0-00945 0-0259 134 103-5 33-5 137 the 
17 0:01993 505 0-01942 0-0518 155 106 43 149 | he 
22 0-00494 455 0-00448 0-0133 117 95-5 22-5 118 | Series 
30 0-00495 909 0-00404 000600 210 1905 21 211-5( © ne 
37 0-00247 721 0-00175 0-00327 155 1515 11-5 163 
38 0-00248 412 000208 0-00681 101 86-5 13 99-5 ar 
12 0-00994 493 0-00945 0-0259 122 37 87 124 , 
21 0-00494 455 0-00448 0:0133 103 34 705 104-5] 18 
28 0-00249 412 0-00208 0-00681 82 31 50 oe by 
31 0-00495 909 0-00404 0-00600 130 68 68 136 
36 0-00247 721 0-00175 0-00327 99 654 45:5 99:5 . 
32 0-00480 455 0-00434 0-01290 515 160 363 523 4 in 
34 0-00476 890 0-00387 0-00586 635 312 345 657 st 
39 0-00238 400 0-00197 0-00665 384 140 232 372 
41 0-00238 710 0-00167 0-00318 472 248 207 455 | Series n 
43 00971 525 0-0966 0-2481 880 184 671 855 E 
44 0-0971 1305 0-0958 0-0988 1110 455 671 1126 
47 0-0483 520 0:0478 0-1245 830 182 647 829 (I 
48 0-0483 1270 0-0471 0-0502 1035 445 647 1092 / n 
33 0-00478 454 0-00433 0-01290 655 136 525 661 \ f 
35 0-00478 896 0-00388 0-00585 736 269 494 763 ‘ 
40 0-00238 400 0-00197 0-00665 427 120 321 441 e 
42 0-00238 710 0-00167 0-00318 500 213 272 485 | Series 
45 0-0971 525 0-0966 0-2481 1460 158 1175 1332 [ F ’ 
46 0-0971 1305 0-0958 0-0988 1530 392 1175 1567 1 
49 0-0483 520 0-0478 0-1245 1300 156 1110 1266 ‘ 
50 0-0483 1270 0-0471 0-0502 1400 381 1110 1491 / 

Unclassified Experiments. d 

2 00994 523 0-0989 0-252 225 
40-0498 518 0-0493 0-129 220 | HaPOs— 0.0467, HCl ——, 
10 0-0499 1270 0-0486 0:0516 380) SHsPO:= _— . ] 

, H,PO,=0-0467, HCl=0-1039, § 

5 0:0498 518 0-0493 0-129 215{ auz,ro,=0-390, h—0-1184. ; 


H,PO,=0-0925, HCl—0-0392, 


0-:0980 0-253 370 


* A correction of 15 units has been applied to these experiments to allow ' 
for atmospheric oxidation (p. 2247), but no correction is applied to any other 
experiments. 
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TABLE IT. 


Ucale. /Utound- Ucale. /Vtound- 
Expt. Range. Mean. Expt. Range. Mean. 
14 1-02—1-04 1-02 *21 1-01—1-05 1-03 
16 0-99—1-06 1-03 *28 0-98—1-09 1-04 
18 0-:95—1-01 0-97 *31 1-07—1-09 1-08 
19 0-99—1-00 1-00 *36 0-98—1-00 0-99 
13 0-98—1-01 1-00 32 1-02—1-05 1-03 
15 1-00—1-05 1-02 34 0-99—1-04 1-01 
20 0-94—1-00 0-96 39 0:96—1-03 1-00 
29 0-94—0-99 0-95 41 0-92—0-99 0-95 
#22 1-:01—1-05 1-02 33 1-03—1-07 1-05 
*30 1-03—1-11 1-07 35 1-03—1-05 1-04 
*37 0-94-—0-99 0-98 40 0-99—1-03 1-01 
*38 0-93—0-98 0-96 42 1-01—1-08 1-05 


* In experiments marked thus, there is a relatively rapid decrease in 
phosphorous acid concentration, and calculations are not taken beyond the 
stage at which this decrease becomes 5 per cent., as the ratio is consequently 
rising. This would account for a rise from 1-00 to 1-05 in the ratio, so that 
the range given is not unduly large. In Expts. 22, 30, 21, and 28, nearly 
half the whole range of iodine concentration is covered, and in the others, 
nearly the whole range. 


and Hunt (J. Amer. Chem. Soc., 1911, 33, 781). Hydriodic acid 
is reckoned as hydrochloric acid for the purpose of obtaining the 
hydrogen-ion concentration, but no data involving the latter are 
utilised except in so far as it is necessary to know when the change 
in hydrogen-ion concentration exceeds certain limits. The second 
stage ionisation of both the polybasic acids is ignored as being 
negligibly small under the conditions of experiment. 

The results are shown in detail for two typical experiments 
(Nos. 14 and 39, the former being chosen to exemplify the sinuous 
nature of the velocity—iodine curve), and are summarised in Table I 
for initial velocities and in Table II for the remainder of each 
experiment, except those for which only the initial values can be 
utilised owing to the large change in hydrogen-ion concentration. 
Table II shows the extreme range and also the mean values of the 
ratio calculated/found velocities. Each experiment in Table II is 
based on at least eight and frequently as many as twenty velocity 
determinations. The velocities are obtained from smoothed curves, 
but the other details are from actual readings and are not smoothed. 
For brevity, ds/dt is replaced by v, and the calculated velocity is 
subdivided into v, = k,i and v, = k,/(1 + k;/a) to illustrate the 
separate effects of molecular iodine and the I,’-ion. 

Time is given in hours throughout, and all concentrations are in 
molecules per litre. The hydrogen-ions due to the phosphoric 
acid are taken into account. 

The experiments are grouped according to hydrogen-ion and 
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phosphorous acid concentrations, and the formula used for obtaining 
the calculated value is shown for each series, ignoring J and h until 
the discussion of results. The series are: 


Series A. H,PO, = 0°0925, HCl = ——, ag,po, = 0°530, h = 0:0502, 
ds/dt x 10° =% X 10® x 0-275 + 175/(1 + 0-0025/a). 

Series B. HzPO, = 0:0925, HCl = 0:0980, a4,p, = 0°383, h = 0°1255, 
ds/dt x 10° =1% x 10® x 0°185 + 430/(1 + 0°0048/a). 

Series C. H,PO, = 0°0374, HCl = » %y,po, = 0°648, h = 00248, 
ds/dt x 10° =% x 10® x 0°21 + 60/(1 + 0°0075/a). 

Series D. H,PO, = 0:0374, HCl = 0°0992, ay,p0, = 0°403, h = 0°1063, 
ds/dt x 10® =i x 10® x 0°075 + 110/(1 + 0°0025/a). 

Series E. H,PO, = 0°1815, HCl = » y,po, = 0°445, h = 0°0829. 
ds/dt x 10° =% x 10® x 0°35 + 700/(1 + 0°004/a). 

Series F. H,PO, = 0°1815, HCl = 0°0961, «,;,po, = 0°359, h=0°1533. 
ds/dt x 10° =7% x 10° x 0°30 + 1250/(1 + 0°006/a). 


Experiment 14. 


(Total initial KI = 0-01758.) 
v X 108 (ce le.) 


OX 106 r 
t. (A—s)x10*% sx 10*. 7x 10°. ax 10°. (found). v, x 10*+v, x 10°=total. 
0 4886 — 455 443 232 125 112 237 
1-20 4618 268 408 421 216 112 110 222 
2-45 4348 536 364 398 203 100 107 207 
3°77 4098 788 333 376 191 91 105 196 
5-60 3764 1122 290 347 176 80 102 182 
7-50 3452 1434 248 321 163 68 98 166 
8-92 3204 1682 222 298 153 61 95 156 
12-00 2756 2130 8182 257 136 50 89 139 © 
18-00 2036 2850 122 191 108 34 76 110 
24-20 1458 3428 80 138 83 22 62 84 
28-40 1154 3732 62 109 67 17 53 70 


31-95 934 3952 49 88 58 13-5 45-5 59 


(The values for v x 10° are derived from a smoothed curve incorporating 
the above results and two duplicates, all of which agree very closely even 
on the velocity differential curve.) 


Experiment 39. 


(Total initial KI = 0:00862.) 
v X 108 (calc.) 


vx 10° 

t. (A—s)x10%sx10% ix 10°. a x 10° (found). v, x 10°+v, x 10*=total. 
0 2383 _ 403 198 384 141 232 373 
0-667 2144 239 8335 181 345 117 218 335 
1-333 1922 461 281 164 309 99 203 302 
2-20 1670 713. 226 144 268 79 186 265 
3-20 1420 963 180 124 229 63 166 229 
4-50 1150 1233 = =136 101, 187 47 142 189 
6-00 898 1485 100 80 150 35 117 152 
7-50 698 1685 74 62, 118 26 94 120 
9-00 518 1865 53 46, 88 18 73 91 
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Discussion of Results. 


The conclusions on which the theory is based are drawn chiefly 
from the following considerations : 

(a) Expts. 26, 1, 3, 7, 8, 14, and 19 show that as the molecular 
iodine tends to a limit, the velocity also tends to a limit in spite 
of the great increases in the I,’-ion; therefore, if the latter reacts 
at all (and Expt. 23 tends to show that it does), its reaction is 
limited by some other factor—the maximum rate of formation of 
the second form of phosphorous acid from the normal form. 

(b) In series which have approximately the same hydrogen-ion 
concentration (for example, D and E), the velocities of otherwise 
comparable experiments are approximately in the ratio of the 
phosphorous acid, the function of which is therefore unimolecular. 

(c) The effect of potassium iodide in decreasing the molecular 
iodine and also the velocity is obvious with many pairs of experi- 
ments, for example, 14 and 16, 18 and 19, 20 and 29, 37 and 38; 
these show that a considerable proportion of the velocity is due to 
molecular iodine. 

(d) The small effect of the I,’-ion compared with that of molecular 
iodine is apparent in 14, 16, and 23. 

(e) The fact that total (‘‘ available ’’) iodine is of no significance 
is illustrated by many pairs of experiments, for example, 14 and 
18, where the solution richer in iodine has a lower velocity. 

(f) The effect of additional acid may be seen from many experi- 
ments, of which three pairs are typical: 1 and 9 exhibit considerable 
acceleration, 16 and 15 practically no effect, and 30 and 31 consider- 
able depression. 

(g) The accelerating effect is less in experiments with high 
molecular iodine content than in those in which this is low, other 
conditions being the same; and the depression is most noticeable 
in comparing Series C and D, in which additional acid causes a 
relatively large increase in the hydrogen-ion content. Hence 
these ions depress the reaction in which molecular iodine is con- 
cerned, and accelerate that concerning the I,’-ion; but the depressing 
effect only preponderates in the total observed velocity in those 
cases in which molecular iodine originally contributed a large 
proportion of the velocity, that is, in cases where the hydrogen-ion 
concentration is originally small. 

Similar deductions were drawn from a number of curves in which 
one of the variables v, 1, a, and f was plotted against a second for 
constant values of a third, the last three being connected by ka = 7f. 

The slow decrease in velocity in the series 1, 3, 7, 8, 14, and 19 
was at first thought to be due to one of two causes: either a pre- 
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liminary rapid reaction involving only phosphorous acid in which 
iodine took no part, as in the parallel reaction with hypophosphorous 
acid; or to the fact that in using one and the same solution of iodine 
and potassium iodide, the concentration of molecular iodine js 
almost independent of dilution until the solution becomes very 
weak, as is seen for its values in those experiments, and would not 
greatly affect the velocity if the iodine functioned only in this 
form. [The slight effect of dilution follows from the fact that, 
since & is small (p. 2244), i = kA/(p — A) approximately, and A/p 
is constant under the prescribed conditions.] Actually neither of 
these hypotheses’ was found to be tenable. 

It is obvious that the initial velocities do not vary as the square 
root of the total iodine concentration, as Steele supposed. The 
fact that they approach somewhat more nearly to this value during 
the course of any one experiment is due entirely to the effect of 
the increasing iodide concentration, which decreases that of molecular 
iodine more rapidly than “ available ” iodine decreases. 

The high calculated initial velocity in cases where molecular 
iodine is high initially has already been discussed (p. 2246). The 
question as to whether it may be due to the possible failure of the 
theory beyond these limits cannot be tested, because one has 
nearly reached the limit of the solubility of the molecular iodine. 
Brénsted (loc. cit.) obtained the value 0:00611 for the iodide—iodine 
equilibrium constant in strongly saline solution, which differs 
widely from that of 0°00135 obtained by Jakowkin (loc. cit.); the 
latter worker’s value has been used throughout this work, however, 
as the conditions are more comparable with his than with Broén- 
sted’s. The higher value gives figures for the molecular iodine 
which are relatively less high for high concentrations of molecular 
iodine, and which operate in the direction of eliminating the 
difference under discussion and even introduce differences in the 
opposite direction. 

When the values of k, and k, are corrected for the different 
amounts of phosphorous acid present, they can be considered in 
relation to the hydrogen-ion concentrations to which they 
correspond. One has then: 


Series. h. @H,P0s- ky. ky. kg=kg/ky 
A 0-0502 0-530 2-98 0-00189 0-0025 
B 0-1255 0-383 2-00 0-00465 0-0048 
Cc 0-0248 0-648 5-62 (0-00160) (0-0075) 
D 0-1063 0-403 2-01 0-00294 0-0025 
E 0-0829 0-445 1-93 0-00385 0-0040 
F 0-1533 0-359 1-65 0-00682 0-0060 


(The values for Series C are of little significance, since the molecular 
iodine, corresponding to k,, contributes such a large proportion 


ar 
yn 


THE REACTION BETWEEN PHOSPHOROUS ACID AND IODINE. 2253 


to the total velocity that k, and k; can be varied over a large range 
with only very little alteration in the calculated velocity.) k, can 
be regarded as a fair approximation, k, is less certain, and k, is 
only a very rough estimate, owing to the nature of the expression (7). 

The chief deductions that can be drawn are: (a) decrease of 
hydrogen-ion (h) increases k, more rapidly than can be accounted 
for on the assumption that phosphorous acid functions as its ion; 
(b) k, increases roughly in proportion to the hydrogen-ion, which 
may therefore be supposed to catalyse the intramolecular change, 
as in the similar case of hypophosphorous acid; (c) k,/k, appears 
to increase with increasing hydrogen-ion concentration and, if 
deduction (6) is correct, k, should alter in this way, since the reverse 
intramolecular change would be catalysed as well as the direct 
one corresponding to k,: in these circumstances, k, must be 
regarded as unaffected by hydrogen-ions. 

Experiments over a larger range of acid concentration are 
restricted, on the one hand, by the extreme slowness of the reaction, 
and, on the other, by lack of trustworthy data as to ionisation at 
higher concentrations. 

Throughout this work the possibility of the intermediate produc- 
tion of hypophosphoric acid has been borne in mind, but there 
seems to be no evidence pointing to its occurrence. 

Temperature Coefficient—Experiment 30 was carried out also at 
17° and was found to be 3°55 times as slow as at 25°. This corre- 
sponds to a temperature coefficient of 4°7 for 10° in this particular 
case, but as it is the nett result of several others, it is doubtful 
whether any significance can be attached to its rather high 
magnitude. 

Summary. 


1. The reaction is shown to be much more complicated than was 
supposed by previous workers. It involves iodine both as the 
molecule I, and as the tri-iodide-ion I,’, and also a second form of 
phosphorous acid formed reversibly from the normal form. It 
may be represented as : 


H,PO, + 2HI 2*™° HPO, == H,PO, —*“"S H,PO, + 2H’ + 31’. 


(normal form) (second form) 


2. Hydrogen-ions repress the left-hand reaction and accelerate 
the right-hand one, but this acceleration is probably only indirect 
and due to the acceleration of the equilibrium between the two 
forms of the acid, as in the case of hypophosphorous acid. The 
mechanism of the repressing effect has not been elucidated. 

3. The above hypothesis is believed to be sound in its outline, 
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but no finality is claimed as to details, and directions are indicated | and 
in which these may have to be modified and amplified. late 

4. It seems certain that, whatever modifications may subse. | val 
quently be found to be necessary, any explanation must rely ultim. J rule 
ately on the existence of a second form (probably tautomeric) of | sod 
phosphorous acid formed reversibly from the normal form. : 


University or Lonpon, for! 
Sourn Kensineron, S8.W. (Received, June 26th, 1923.} 1 
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CCLI.—The Colloidal Electrolyte extracted from bas 
Carrageen (Chondrus crispus). 40°: 

By Frank Courtney Harwoop. “i 


THE mucilaginous substance extracted from carrageen or “Irish § phy 
moss,” with cold water (Haas and Hill, Ann. appl. Biol., 1921, 7, § ext 
352; Haas, Biochem. J., 1921, 15, 469; Russell Wells, ‘bid. 1922, I 
16, 578) has been subjected to a physicochemical examination, with ads 
the view of throwing light on its constitution. The formula which | sol 


these authors suggest for this substance is RC 4 50° o>Ca (1). 4 
The presence of the ester grouping in carrageen has en estab- If 1 
lished and the nature of the complex radicle R partly elucidated by | col 
these investigators. an 


The molecular weight, calculated from the calcium content, is int 
about 1,000; but from its colloidal behaviour, its complexity in tw 
aqueous solution must be much greater than that indicated by this ] if 


low value. of 
The substance possesses considerable interest for the physical | act 
chemist, for if its constitution is expressed by the above formula, ]} on 


it should be strongly ionised in solution, giving rise to ionic micelles sid 
of a character much simpler than those of the proteins. Measure- 
| ments of the conductivity of its solutions over a range of dilutions 
have confirmed this view, a 1-5 per cent. solution being 59 per cent. 
ionised, which is somewhat remarkable for a liquid of such high 
viscosity. 

The conductivity at infinite dilution is found to be of the same 
order as that of calcium sulphate, and therefore it would appear 
that the colloidal ion of carrageen extract possesses a mobility very an 
similar to that of the sulphate-ion. This high mobility is not in any of 
way unusual, for McBain (T., 1919, 115, 1293) found it necessary to De 
ascribe the high value of 64-7 to the mobility of the palmitate micelle. me 

The solution of the carrageen extract ionises to the same extent 
as a salt of a bivalent acid radicle with a bivalent negative radicle : the 


ani 


ated 
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and if the basicity of the acid radicle in carrageen extract be calcu- 
lated from the equivalent conductivities at V = 1024 and 32, the 
value 1-925 is obtained. It is uncertain, however, whether Ostwald’s 
rule applies to the calcium salts of organic acids; and until the 
sodium salt has been prepared, and its conductivity determined at 
V = 1024 and 32, it is not possible definitely to decide between 
formula (I) and the alternative formula Ca(O-SO,°O-R), (II). 

The conductivities for a number of magnesium salts of organic 
acids are given in Kohlrausch and Holborn’s Tables (1898, p. 171) 
and from these it would appear that A.492,— Ago for salts of mono- 
basic organic acids is about 17-8, and for salts of dibasic acids about 
40:2. The value 19-25 obtained for the calcium salt occurring in 
carrageen is close to that given by the former class of salts, and 
hence this evidence supports the alternative formula (II). The 
physical evidence as to the basicity of the acid radicle in carrageen 
extract is thus contradictory. 

It is possible that the conductivity is due to calcium sulphate 
adsorbed on the colloidal micelle, and in order to test this question, the 
solution of carrageen extract (1:5 per cent.) was placed in an osmotic 
cell, with a parchment paper membrane, and the cell surrounded by 
an approximately equivalent concentration of calcium chloride. 
If the calcium sulphate were merely adsorbed on the surface of the 
colloidal particles, and the resulting complex gave sulphate- 
ions to the solution, it would be anticipated that these ions would 
interchange across the membrane, until the concentrations of the 
two ions were equal in the two compartments. On the other hand, 
if the sulphate complex is united to the organic radicle in the form 
of a sulphuric ester, only the calcium-ions would be free to move 
across the membrane, and a Donnan equilibrium should be established 
on the two sides of the cell. In the latter case, the ions on the two 
sides of the cell are : 


(1.) (II.) 
Ca” X”’ Ca” 2Cl’ 
Ca” 2Cl’ 


and at equilibrium, 
[Ca], /[Ca" he = [CVn /[CV'L?. 

It was found that no sulphate-ion diffused through the membrane, 
and that equilibrium was established when unequal concentrations 
of calcium chloride were on the two sides of the membrane. The 
Donnan equilibrium was established within the error of the experi- 
ment. 

These experimental results therefore provide strong support for 


the conclusion that carrageen extract is a calcium salt of an organie 
4a2 
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acid in which the sulphate group is contained in the complex negative 
radicle X. The physical evidence is thus in general agreement with 
the view expressed by Haas, that carrageen extract is a calcium 
salt of a sulphuric ester. 


EXPERIMENTAL. 


(a) Conductivity Measurements.—These measurements were made 
in an enclosed cell of Jena glass, with a Whetham commutator as 
the source of the alternating current. A 1-5 per cent. solution of 
the carrageen extract was prepared by allowing the gel to swell for 
a few minutes in cold conductivity water, and then gently heating 
the mixture on the water-bath. A viscous, yellow solution was 
obtained. This was successively diluted with water to obtain the 
less concentrated solutions. 

Several series of determinations were made on two different 
samples of carrageen extract, some on the day of preparation, and 
others after keeping the solutions for several days in resistance glass 
tubes. The conductivities did not change appreciably during this 
time. The conductivity of the water ranged from 3 to 3-5 x 10 mho. 

The values for one series are given in the table, and the equivalent 
conductivities are calculated on the assumption that the molecular 
weight is 1,000 (the value deduced by Haas from a determination of 
the calcium content of the anhydrous material). Unfortunately, 
through an accident, the moisture content of the sample of the extract 
used was not estimated, and the values for the equivalent con- 
ductivity are only relative. The average value for the moisture 
content of several carrageen extracts prepared by Haas and Russell 
Wells is 4-6 per cent. Therefore the absolute values of A are 
uncertain to this extent. 


Conductivity of Carrageen Extract at 25°. 


Normality (V). « x 10%. A. Normality (V). « x 10°. A. 
0-03 1-953 65-1 0-001875 0-1506 80-32 
0-015 1-001 66-73 0-0009375 0-07968 84-99 
0-0075 0-5365 71-53 0-000469 0-0414 88-32 
0-00375 0-2825 75-33 0-000235 0-02179 92-97 


By plotting A against 4/V, the equivalent conductivity at 
infinite dilution was found to be 110 mhos, as the mean of three 
series. The degree of ionisation of a 0-01N-solution at 25° is calcu- 
lated to be 63:4 per cent. This is, of course, independent of any 
assumption as to molecular weight or moisture content, except in 
so far as it affects the normality of the solution for which the ionis- 
ation is calculated. The degree of ionisation of calcium sulphate 
(0-01) at 18° is 64-7 per cent., and a very slight change in this 
value with temperature would be anticipated. The carrageen 
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extract thus ionises in aqueous solution to an extent which is normal 
for a salt of a bivalent anion with a bivalent cation : the similarity 
between the degrees of ionisation of the two salts indicates that the 
carrageen extract is a calcium salt of a dibasic acid. 

(b) Osmosis Experiments.—A small osmometer consisting of a 
piece of cylindrical hard glass tubing, 1-5 inches in diameter, with a 
side tube attached to a manometer, was used in these experiments. 
The parchment membrane was clamped in position, and supported 
against internal pressures by means of perforated ebonite disks. 
A solution of carrageen extract, 0-03N, was placed inside the cell, 
and this placed in a solution of calcium chloride of an equivalent 
concentration, contained in a large beaker, covered with a wooden 
plate, waxed to prevent evaporation. 

The osmotic pressure rose to a maximum of 3-9 cm. in 46-5 hours, 
and after 161 hours, had fallen to 1-7 cm. At the end of this time, 
the outside solution contained no detectable amount of sulphate-ion. 
This solution was titrated periodically for chloride-ion, and as 
equilibrium had not been attained in 161 hours, a new cell was set 
up in which the inner liquid was stirred through a mercury seal. 
This precaution reduced bacterial action to a minimum. After 
three days, the concentration of the calcium chloride inside the cell 
reached a constant value, and then underwent no appreciable change 
after eight days. Osmosis occurred to the extent of about 1:5 c.c: 
in 28 c.c., and the loss by evaporation was less than 0-1 c.c. on 
300 c.c. in the outer vessel. The external solution showed a very 
slight change in the concentration of hydroxyl-ions (pg = 6-5 to 
Pu = 7-0). 

The degrees of ionisation of the two calcium salts in solution I 
(below) were calculated on the assumption made by Arrhenius, and 
confirmed by MacGregor, McIntosh, Archibald, and McKay (T'rans. 
N.S. Inst. Sci., 1895—1899), according to which, in aqueous solutions 
of electrolytes containing a common ion, the concentration of the 
common ion determines the degree of ionisation. The degree of 
ionisation of any one of the salts in solution I is the same as that 
occurring in a solution containing that salt alone, whose calcium- 
ion concentration is the same as the total calcium-ion concentration 
in the solution of the mixed electrolytes. 

The following values were obtained : 


i a. 
TR. wasocsevooncvacestans 0-0296N 
Ale Secnesicndsbotssasses 0:0266N 0-0314N 
I. s censsssccedagertbecdene 0-03828N 0:02595N 
REE sexsauigavevrasconnoonen 0-04336N 0-0519N 


Whence [Ca™’],/[(Ca""],, = 1-475 and [Cl’],,?/[(Cl’]? = 1-483. 
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If the carrageen extract contains 4 per cent. of water, the first 
ratio will be about 2 per cent. lower. 

It is proposed to make further use of this material for an investi. 
gation of the Donnan equilibrium, and the Procter-Wilson theory of 
swelling. 


In conclusion, I should like to express my acknowledgments to 
Dr. Paul Haas, at whose suggestion the investigation was under. 
taken; and to Mr. W. E. Garner for helpful advice and criticism. 

THE Witi1Am Ramsay INORGANIC AND 


Puysicat CHEMISTRY LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. [Received, July 6th, 1923.] 


CCLITI.—Triazole Compounds. Part I. Some Sub- 
stituted Hydroxybenzotriazoles and their Methylation 
Products. 


By Oscar Liste Brapy and JAMES NELsSon Epmunp Day. 


THE parent substance of this group, 1-hydroxy-1 : 2 : 3-benzo- 
triazole, was first isolated by Nietzki and Braunschweig (Ber., 1894, 
27, 3381) and also by Zincke and Schwarz (Annalen, 1900, 311, 
332) by the action of alkalis on o-nitrophenylhydrazine, the reaction 
being supposed to proceed thus: 


NH | N 
4\/\ | AK | A\/N 
| | NH, —> = 2 | N 
\7\no, VSS | i 


Curtius and oi al (J. pr. rl 1907, [ii], 76, 369) prepared 
6-nitro-1-hydroxy-1 : 2 : 3- bensotriszole (I) from 2 : 4-dinitropheny]l- 
hydrazine, using soleus hydrate as the catalysing alkali. Borsche 
and Rantscheff (Annalen, 1911, 379, 152) prepared 7-nitro-1- 
hydroxy-1 : 2: 3-benzotriazole from 2 : 6-dinitrophenylhydrazine, 
whilst Borsche and Fiedler (Ber., 1913, 46, 2117) obtained a com- 
pound which they claimed to be 4-nitro-1-hydroxy-5-methyl- 
1:2: 3-benzotriazole; Morgan and Glover (T., 1921, 119, 1700) 
have also described 4-chloro-1-hydroxy-5-methyl-1 : 2 : 3-benzo- 
triazole. Bowman and one of us (T., 1921, 119, 894) have pre- 
pared 4-nitro-l1-hydroxy-5(or 7)-methyl- and 4-nitro-1-hydroxy-6- 
methyl-1 : 2 : 3-benzotriazoles (III and VIII), and have suggested 
that the compound that Borsche and Fiedler designated 4-nitro- 
1-hydroxy-5-methyl- was probably 6-nitro-1-hydroxy-7-methyl- 
1 : 2 : 3-benzotriazole. 


irst 


sti- 
y of 


ler- 


7]. 
1e 


—_— 
— . 


—— —- Cease Vee. & 
"VY ere UF 


SOME SUBSTITUTED HYDROXYBENZOTRIAZOLES, ETC. 2259 


Since the work of Curtius and Mayer, however, scarcely any 
investigations have been made of the properties and reactions of 
the hydroxybenzotriazoles. These compounds are of particular 
interest to us because they contain a hydroxyl group attached to 
nitrogen which is acidic in character, and, in this respect, are 
analogous to the oximes. The present paper deals with the pre- 
paratign of several more of these compounds and their behaviour 
towards methylating agents. Those containing a nitro-group in the 
benzene nucleus were chosen on account of the comparative ease 
with which the o-nitrophenylhydrazines, and hence the 1-hydroxy- 
1:2: 3-benzotriazoles, could be prepared by the action of hydrazine 
hydrate on such compounds as the unsymmetrical trinitrotoluenes 
or on the dinitrotolyl methyl ethers (compare Brady and Bowman, 
loc. cit.). 

Curtius and Mayer attempted to prepare the acetyl derivative 
of 6-nitro-1-hydroxy-1 : 2 : 3-benzotriazole by the action of acetyl 
chloride on the sodium salt in dry ether. They obtained a white, 
crystalline compound, but were unable to purify it for analysis or 
for the determination of its melting point, owing to it being com- 
pletely hydrolysed when they tried to crystallise it from alcohol. 
Zincke and Schwarz also experienced some difficulty in acetylating 
l-hydroxy-1 : 2 : 3-benzotriazole. It has now been found, however, 
that the acetyl compounds can be readily prepared by the action 
of acetic anhydride followed by crystallisation from benzene, 
sometimes with the addition of a few drops of acetic anhydride; 
alcohol, in every case, brings about immediate hydrolysis. 

Bowman and one of us found that 4-nitro-l-hydroxy-5(or 7)- 
methyl-1 : 2 : 3-benzotriazole (III) crystallised with a molecule of 
water which was lost at 100°. 4-Nitro-1-hydroxy-6-methyl-1 : 2 : 3- 
benzotriazole (VIII) gives a similar hydrate, which, however, is 
less stable, losing its water, for example, on crystallisation from 
dilute alcohol. On the other hand, hydrates could not be obtained 
from 6-nitro-1-hydroxy- (I), 6-nitro-1-hydroxy-5-methyl- (V), and 
6-nitro-1-hydroxy-4-methyl-1 : 2 : 3-benzotriazoles (X). It is note- 
worthy that where the hydrate is formed there is a nitro-group 
ortho to the triazole ring. 

Curtius and Mayer (loc. cit.) describe the preparation of the 
methyl, ethyl, and benzyl ethers of 6-nitro-l1-hydroxy-1 : 2: 3- 
benzotriazole by the action of the appropriate alkyl halide on the 
sodium salt of the triazole, but these workers did not investigate 
the reaction at all fully, confining themselves to recording the 
melting points, solubilities, and analyses of the compounds. We 
have found that certain substituted hydroxybenzotriazoles behave 
as tautomeric compounds and give two methyl ethers; in one the 


2260 BRADY AND DAY: TRIAZOLE COMPOUNDS. PART I. 


alkyl group is attached to oxygen and in the other to nitrogen, as 
evidenced by their behaviour with hydriodic acid. 6-Nitro-]. 
hydroxy-5-methyl-1 : 2 : 3-benzotriazole gives an O-methyl ether 
melting at 135° (VI) and, in smaller quantity, a N-methyl ether 
(VII) melting and decomposing at 265°, which can be separated 
by the volatility of the former in steam. 6-Nitro-1-hydroxy. 
4-methyl-1 : 2 : 3-benzotriazole behaves in a similar manner, giving 
the ethers (XI) and (XII). 6-Nitro-l-hydroxy- (I), 4-nitro-l. 
hydroxy-6-methyl- (VIII), and 4-nitro-l1-hydroxy-5(or 7)-methyl- 
1 : 2: 3-benzotriazoles (III) gave O-ethers, but no N-ether could 
be isolated. The yields of N-ethers are small, and it is possible 
that they are invariably formed, but escape detection owing to 
the impracticability of using distillation in steam as a means of 
separation in these cases. 

The various compounds prepared are summarised in the following 
scheme : 
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| Me 
Me 
“oMe = > NO, Mi y 
NO vies mm N-OMe 
3: fect or pce Ko / ‘i (XI.) 
methyl ether — KA me: 
M N-OH Me 
\ x) Doge 
NO, _ > NO, JN UN 
No,\ JNO, Vie 
2:3: 5-Trinitrotoluene (XII.) O 


With reference to the constitution of the N-ethers three formule 
are possible : 


an / NMe /\—nN 
/ 
Cy! OF jie 


Me N N 
O O O 
(XIII.) (XIV.) (XV.) 


Minor variations could, moreover, be introduced into formule (XIV) 
and (XV) by making the oxygen atom form a bridge between two 
nitrogen atoms. We prefer formula (XIII) on the analogy of the 
N-ethers of the oximes (compare Forster and Holmes, T., 1908, 
93, 244; Angeli, Alessandri, and Aiazzi-Mancini, Atti R. Accad. 
Tineet, 1911, [v], 20, i, 546; Brady, T., 1914, 105, 2104), but further 
work is in hand in order to decide this point. 


EXPERIMENTAL. 


6-Nitro-1-hydroxy-5-methyl-1 : 2 : 3-benzotriazole (V).—This com- 
pound was prepared by the action of excess of hydrazine hydrate 
on the corresponding trinitrotoluene without the isolation of the 
intermediate dinitrotolylhydrazine. To a solution of 6°8 grams of 
3:4: 6-trinitrotoluene in 60 c.c. of hot alcohol were added slowly 
12 c.c. of 50 per cent. hydrazine hydrate diluted with 40 c.c. of 
alcohol. A red, crystalline precipitate of the dinitrotolylhydrazine 
appeared, but this dissolved after the liquid had been boiled under 
reflux for six hours, being converted into the more soluble hydrazine 
salt of the triazole. The solution was cooled and the triazole 
precipitated by the addition of water and dilute hydrochloric acid. 
After crystallisation from dilute alcohol, it was obtained in yellow 
prisms melting and decomposing at 194° (Found: N = 289. 
C,H,O,N, requires N = 28-9 per cent.). ai 
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No hydrate could be obtained from this compound by dissolving 
it in ice-cold aqueous ammonia and reprecipitating the triazole 
with dilute acid at a low temperature. 

6-Nitro-1-acetoxy-5-methyl-1 : 2 : 3-benzotriazole—One gram of the 
above triazole was treated with 5 c.c. of acetic anhydride, and one 
drop of concentrated sulphuric acid added. The mixture became 
warm and the triazole dissolved and, on cooling, the acetyl deriv- 
ative crystallised out. It separated from hot benzene in faintly 
pink, monoclinic needles, melting and decomposing at 166° (Found : 
N = 23°9. C,H,0,N, requires N = 23°7 per cent.). 

6-Nitro-1-methoxy-5-methyl-1 : 2 : 3-benzotriazole (V1) and 6-Nitro. 
1 : 5-dimethyl-1 : 2 : 3-benzotriazole 1-Oxide (VII).—Four grams of 
6-nitro-1-hydroxy-5-methyl-1 : 2 : 3-benzotriazole were dissolved in 
a solution of 4 grams of sodium hydroxide in 50 c.c. of water and 
treated in a stoppered bottle with 6 grams of methyl sulphate. The 
mixture was well shaken for ten minutes and left over-night. The 
solid was collected and distilled in steam, when part volatilised 
and crystallised out in the receiver. This crystallised from methyl 
alcohol in long, pale canary-yellow needles melting at 135°, and 
consisted of 6-nitro-1-methoxy-5-methyl-1 : 2 : 3-benzotriazole (Found : 
N = 27:0; OMe = 14°6. C,H,O,N, requires N = 26:9; OMe = 
14°9 per cent.). 

The liquid in the distilling flask which contained the non-volatile 
portion was filtered while hot and, on cooling, a yellow, crystalline 
material separated, which was crystallised from methy] alcohol and 
obtained in canary-yellow, feathery tufts, melting and decomposing 
at 265°. This compound is apparently 6-nitro-1 : 5-dimethyl- 
1: 2: 3-benzotriazole 1l-oxide (Found: N = 27:1. C,H,O,N, re- 
quires N = 26:9 per cent.). On treatment with hydriodic acid 
as in the Zeisel method, no methyl iodide was evolved, showing 
that the methyl group was not attached to oxygen. 

The methylation has also been carried out with methyl iodide. 
Three grams of the triazole were dissolved in methyl alcohol and 
a solution of 0°35 gram of sodium in methyl alcohol was added, 
followed by 8 grams of methyl iodide. The mixture was heated 
for two hours on the water-bath under reflux, then evaporated to 
dryness, and the residue distilled in steam. The O-ether was again 
obtained, but nothing crystallised from the liquid in the flask and 
extraction with chloroform gave only a trace of material which 
could not be identified. 

3 : 5-Dinitro-o-tolyl Methyl Ether—This compound was obtained 
by Blanksma (Rec. trav. chim., 1910, 29, 411) by the removal of 
the amino-group from 3: 5-dinitro-2-methoxy-p-toluidine. He 
established its constitution by heating it with ammonia and 


SOME SUBSTITUTED HYDROXYBENZOTRIAZOLES, ETC. 2263 
obtaining 3 : 5-dinitro-o-toluidine, but did not publish an analysis. 
We have now prepared it by the nitration of o-tolyl methyl ether 
in an analogous manner to the ethyl ether (compare Stadel, 
Annalen, 1883, 217, 154). To 500 c.c. of fuming nitric acid (d 1°5) 
cooled to 5° and mechanically stirred, 50 c.c. of .o-tolyl methyl 
ether were added, drop by drop, at such a rate that the temperature 
of the acid did not rise above 10°. This took about one and a 
quarter hours. The solution was poured on to crushed ice, the 
solid separated, washed with cold dilute sodium carbonate solution, 
and then with water. The nitro-compound may be crystallised 
from methyl alcohol, when it is obtained in light yellow needles 
melting at 69° (Blanksma gives 67°). Heating with ammonia 
converted it into 3: 5-dinitro-o-toluidine (Found: N = 132. 
Calc., N = 13:2 per cent.). 

6-Nitro-1-hydroxy-4-methyl-1 : 2: 3-benzotriazole (X).— Twenty 
gms of recrystallised 3: 5-dinitro-o-tolyl methyl ether were 
dissolved in 100 c.c. of alcohol, 20 c.c. of 50 per cent. hydrazine 
hydrate diluted with 80 c.c. of alcohol were added and the mixture 
was heated on the water-bath under reflux for two hours. The 
hot solution was then acidified with 50 c.c. of concentrated hydro- 
chloric acid, cooled, and the triazole which separated crystallised 
from dilute alcohol, when it was obtained in small, very pale yellow 
prisms melting and decomposing at 225° (Found: N = 29°0. 
C,H,O,N, requires N = 28:9 per cent.). 

6-Nitro-1-acetoxy-4-methyl-1 : 2 : 3-benzotriazole —To 7 c.c. of acetic 
anhydride, 1°5 grams of the above triazole were added, followed by 
one drop of concentrated sulphuric acid. The reaction started at 
once, but to effect complete dissolution the mixture was heated 
on the water-bath. The acetyl derivative, which separated on 
cooling the solution, crystallised from benzene in almost colourless, 
cubic crystals melting at 142° (Found: N = 23-7. C,H,0,N, 
requires N = 23°7 per cent.). 

6-Nitro-1-methoxy-4-methyl-1 : 2 : 3-benzotriazole (XI) and 6-Nitro- 
1: 4-dimethyl-1 : 2 : 3-benzotriazole 1-Oxide (XII)—These were pre- 
pared and separated in the same way as compounds VI and VII. 
The volatile O-methyl ether crystallised from methyl alcohol in 
clusters of radiating needles melting at 137° (Found: N = 270; 
OMe = 144. C,H,O,N, requires N = 26:9; OMe = 14°9 per cent.). 

The residue in the flask after the steam distillation was filtered 
while hot, cooled, and extracted with chloroform ; the solid obtained 
on evaporation of the solvent was crystallised from methyl alcohol, 
when 6-nitro-1 : 4-dimethyl-1 : 2 : 3-benzotriazole 1-oxide was obtained 
in brilliant yellow needles melting and decomposing at 220° (Found : 
N= 27:1. C,H,O,N, requires N = 269 per cent.). — 
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iodide was evolved when the compound was treated with hydriodic 
acid in the usual way. 

A solution of 5 grams of the triazole was treated with a solution 
of 0°65 gram of sodium in the same solvent, 15 grams of methyl 
iodide were added, and the mixture was heated on the water-bath 
for two hours under reflux and then evaporated to dryness. The 
residue on distillation in steam was separated into the two methyl 
ethers obtained above. The relative amounts were. approximately 
the same as with methyl sulphate, only a very small amount of 
the N-ether being produced. 

A solution of 2 grams of the triazole in a slight excess of dilute 
aqueous ammonia was boiled until neutral. A solution of 1°7 grams 
of silver nitrate was added, the yellow, gelatinous precipitate of silver 
salt collected, washed with water, then with methy] alcohol, suspended 
in methyl alcohol, and boiled under reflux for half an hour with 
6 grams of methyl iodide. The hot solution was separated from 
silver iodide and, on cooling, almost pure O-ether crystallised out; 
this was removed, the solution evaporated to dryness, and the 
solid residue distilled in steam. A further amount of the O-ether 
was obtained, but the residual liquid in the flask gave no N-ether 
on extraction with chloroform. 

4-Nitro-1-hydroxy-6-methyl-1 : 2: 3-benzotriazole (VIII). — This 
compound has been described by Bowman and one of us (loc. cit.). 
It has now been obtained in larger quantity directly from 3 : 4: 5- 
trinitrotoluene. Ten grams of 3:4: 5-trinitrotoluene were dis- 
solved in 100 c.c. of hot alcohol, 20 c.c. of 50 per cent. hydrazine 
hydrate mixed with 30 c.c. of alcohol were added, and the whole 
was heated under reflux on the water-bath for three hours. The 
solution was cooled, diluted with water, acidified with hydrochloric 
acid, and the precipitated triazole crystallised from 50 per cent. 
alcohol. The compound thus obtained formed yellow needles 
which melted and decomposed at 241°. When air-dried, they were 
anhydrous as described by Bowman and one of us, but. it was 
found that if cold dilute hydrochloric acid were added cautiously 
to an ice-cold solution of the ammonium or sodium salt of the 
triazole, short, deep orange prisms of a monohydrate separated 
(Found: N= 266; H,O = 86. C,H,0O,N,,H,O requires N = 
264; H,O = 85 per cent.). When the orange crystals of the 
hydrate are heated, they lose their water at 90—95° and are con- 
verted into the yellow, anhydrous compound, which then melts 
and decomposes at 241°; the yellow, anhydrous compound is always 
precipitated when hot solutions of the salts are acidified. 

_4-Nitro-1-acetoxy-6-methyl-1 : 2 : 3-benzotriazole.—One gram of the 
above triazole was treated with 5 c.c. of acetic anhydride and one 
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drop of concentrated sulphuric acid, when it was rapidly converted 
into the acetyl derivative. This was separated and crystallised 
from benzene to which a few drops of acetic anhydride had been 
added, when it was obtained in colourless, prismatic crystals 
melting and decomposing at 210° (Found: N = 23°7. C,H,0,N, 
requires N = 23°7 per cent.). 

4-Nitro-1-methoxy-6-methyl-1 : 2 : 3-benzotriazole (IX).—One gram 
of 4-nitro-1-hydroxy-6-methyl-1 : 2 : 3-benzotriazole was dissolved 
in a solution of 1 gram of sodium hydroxide in 100 c.c. of water 
and shaken with 1°5 grams of methyl sulphate in a stoppered 
bottle. It was necessary to work at this dilution, as the sodium 
salt is sparingly soluble in water. On leaving over-night, a small 
quantity of solid had separated which proved to be the O-ether. 
Extraction of the solution with ether yielded very little more of 


| this compound, and on acidifying the mother-liquor more than 


half of the triazole was recovered unchanged. 
Three grams of the triazole in 20 c.c. of methyl alcohol were 
treated with 0°35 gram of sodium dissolved in 40 c.c. of methyl 
alcohol, 8 grams of methyl iodide were added, and the mixture 
was heated on the water-bath for two hours. The solution was 
then evaporated to dryness, but it was found that nothing could 
be distilled in steam. The solid was therefore crystallised from 
methyl alcohol, when the O-ether was obtained in yellow plates 
melting at 183° (Found: N = 27:2; OMe= 142. C,H,0O,N, 
requires N = 26:9; OMe = 14°9 per cent.). No N-ether could be 
isolated from the mother-liquors from the crystallisation. 
4-Nitro-1-hydroxy-5(or 7)-methyl-1 : 2 : 3-benzotriazole (II1).—This 
compound, described by Bowman and one of us, was best prepared 
by boiling under reflux 10 grams of 2 : 3 : 4-trinitrotoluene in 130 c.c. 
of alcohol with 20 c.c. of 50 per cent. hydrazine hydrate. The 
solution was cooled and left over-night, when the sparingly soluble 
hydrazine salt of the triazole crystallised out; this was dissolved 
in water and the triazole precipitated with hydrochloric acid and 
dried at 100°. 
4-Nitro-1-acetoxy-5(or 7)-methyl-1 : 2 : 3-benzotriazole—To 10 c.c. 
of acetic anhydride 1‘5 grams of the above triazole were added, 
followed by one drop of concentrated sulphuric acid. The triazole 
dissolved and almost immediately the acetyl derivative separated 
out as a colourless, crystalline powder. On crystallisation from 
benzene containing a few drops of acetic anhydride, it separated in 
almost colourless, monoclinic prisms melting and decomposing at 
182° (Found: N = 23°8. C,H,O,N, requires N = 23°7 per cent.). 
4-Nitro-1-methoxy-5(or 7)-methyl-1 : 2 : 3-benzotriazole (IV).—Three 
grams of 4-nitro-l-hydroxy-5(or 7)-methyl-1 : 2 : 3-benzotriazole 
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were added to 50 c.c. of methyl alcohol in which 0°45 gram of 
sodium had been dissolved, and 3 c.c. of methyl iodide were run in, 
The mixture was heated under reflux for an hour, cooled, and 
water added gradually with constant shaking, when the methyl 
ether separated in a crystalline condition. On crystallisation from 
methy! alcohol, it was obtained in brownish-yellow needles melting 
at 152° (Found: N= 270; OMe= 15:1. C,H,O,N, requires 
N = 26°9; OMe = 149 per cent.). Attempts at methylation with 
methyl! sulphate proved to be very unsatisfactory, only a very small 
amount of ether being formed. Decomposition of the triazole 
apparently took place, as the solution rapidly became very dark 
coloured ; moreover, acids no longer precipitated from it the triazole 
but a brown, amorphous substance, which could not be purified 
and resembled the compounds obtained by the action of alkalis on 
the trinitrotoluenes. 

The O-ether obtained by methylation with methyl iodide is not 
appreciably volatile in steam, and no N-ether could be isolated 
from the mother-liquors from its preparation. 

6-Nitro-1-hydroxy-1 : 2 : 3-benzotriazole (I)—This compound was 
best prepared by adding to a hot solution of 7:5 grams of 2 : 4-di- 
nitrochlorobenzene in 100 c.c. of alcohol, 15 c.c. of 50 per cent. 
hydrazine hydrate diluted with 45 ¢.c. of alcohol, and _ boiling 
under reflux for six hours. The sparingly soluble 2 : 4-dinitro- 
phenylhydrazine separated almost at once from the hot solution, 
but slowly disappeared until a clear, dark red solution of the 
hydrazine salt of the triazole was obtained; on cooling, the latter 
separated out. It was collected and dissolved in the minimum 
amount of water and the free triazole precipitated with hydro- 
chloric acid. A further, but less pure, crop of triazole was obtained 
by diluting and acidifying the mother-liquor from the preparation. 
The product, on crystallisation from alcohol, deflagrated at 206° 
without melting. The yield of crystallised triazole was between 
50 and 60 per cent. of the theoretical; a considerable amount was 
lost owing to its being somewhat soluble in cold water and more 
so in aqueous alcohol. 

6-Nitro-1-acetoxy-1 : 2 : 3-benzotriazole—Two grams of the triazole 
were mixed with 10 c.c. of acetic anhydride, two drops of concen- 
trated sulphuric acid added, and the mixture was heated on the 
water-bath until solution took place. On cooling, the acetyl 
compound separated. It crystallised from benzene containing a 
few drops of acetic anhydride in colourless prisms melting at 154° 
(Found: N = 25°5. C,H,0,N, requires N = 25:2 per cent.). 

6-Nitro-1-methoxy-1 : 2 : 3-benzotriazole (II)—Two grams of 
6-nitro-1-hydroxy-1 : 2 : 3-benzotriazole were dissolved in methyl 
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alcohol in which had been dissolved 0°26 gram of sodium, 5 grams 
of methyl iodide were added, and the mixture was boiled under 
reflux for four hours. The alcohol was evaporated off and the 
residue distilled in steam; after a prolonged treatment, a small 
quantity of material volatilised, but afterwards no more seemed to 
distill. The solid in the receiver was collected and crystallised 
from methyl alcohol, when the methyl ether (m. p. 130°) described 
by Curtius and Mayer (loc. cit.) was obtained. These workers 
assumed that it was an O-ether, and this has now been proved by 
a methoxyl determination (Found: OMe = 15°6. Cale., OMe = 
16:0 per cent.). The clear solution in the distilling flask from the 
steam distillation was filtered while hot and, on cooling, deposited 
a compound which was found to be identical with the above methyl 
ether. This was also obtained by the action of methyl sulphate on 
an alkaline solution of the triazole, and no N-ether could be detected 
in any case. 
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CCLIII.—Piperitone. Part V. The Characterisation 
and Racemisation of \-Piperitone. 
By Joun ReaD and Henry GEORGE SMITH. 


Owi1ne to the fact that optically active piperitone undergoes partial 
or complete racemisation during the formation of most of the 
common derivatives, and also when distilled under atmospheric 
pressure, the only process at present available for isolating prepara- 
tions of high optical rotatory power consists in submitting a suitable 
essential oil to fractional distillation under diminished pressure 
(Smith and Penfold, J. Proc. Roy. Soc. N.S. Wales, 1920, 54, 40; 
Simonsen, T., 1921, 119, 1644; Read and Smith, J. Soc. Chem. 
Ind., 1923, 42, 3397.). The physical characteristics recorded 
below refer to specimens of d- and /-piperitone isolated by a 
careful application of this method and possessing the highest 
optical rotations yet observed for this ketone. 

Although specimens obtained in the manner indicated are 
probably contaminated with small amounts of impurities, the 
agreement now noticed between the optical rotatory powers of 
d- and I-piperitone indicates that probably no marked racemisation 
has occurred during the processes involved. Further, the appended 
summary illustrates the remarkably close physical correspondence 
between these optically active preparations, which appear to be 
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the purest yet described, and dl-piperitone regenerated from the 
pure dl-«-semicarbazone (T., 1922, 124, 1871): 


Boiling point. de (vac.). Pf © gh 
d-Piperitone ex Andro- : 
pogon Jwarancusa ... 116—118-5°/20mm. 0-9344 1:-4848 +49-13° 
l-Piperitone ex Hucalyp- 
bg ET ie 109-5—110-5°/15mm. 0-9324 1-4848 —51-53° 
dl-Piperitone ex E. dives 113°/18 mm, 0-9331 1-4845 +0-00° 


As recorded below, the racemisation of the optically active 
ketone is most readily effected by means of heat or alkaline reagents, 
whereas the racemising action of acid reagents is much less marked. 
This point, which is of primary importance in connexion with the 
chemical characterisation of the optically active forms of the 
ketone, may be illustrated by referring to a study of the interaction 
of l-piperitone with hydroxylamine; in acid solution a highly 
dextrorotatory oxime appears to be the main product, whilst in 
alkaline solution under appropriate conditions (T., 1922, 121, 586) 
an 80 per cent. yield of optically inactive hydroxylamino-oxime 
may be produced. Incidentally, the last-named product has been 
shown to consist of at least two isomeric substances, each possessing 
a higher melting point than the value previously recorded (T., 
1921, 119, 783, 1653). 

Notwithstanding the unusual ease of racemisation thus exhibited 
by the optically active forms of piperitone, it has proved possible, 
with proper precautions, to utilise these substances as sources of 
optically active derivatives. The various possibilities of the kind 
are under consideration, and we hope shortly to communicate 
details of certain preliminary investigations of this nature which 
have been directed towards the conversion of d- and /-piperitone 
into optically active menthones and related derivatives (compare 
J. Proc. Roy. Soc. N.S. Wales, 1922, 56, 170). 


EXPERIMENTAL. 


Physical Properties of 1-Piperitone from the Essential Oil of 
Eucalyptus dives. 

A sample of the “eight-hour oil” (1363 grams) was distilled 
under diminished pressure, in portions of about 500 c.c., from a 
Claisen flask immersed in an oil-bath (this vol., p. 1661). After three 
systematic redistillations under 18 mm. pressure, the bulk of the 
piperitone was concentrated into the three fractions denoted below : 


Boiling Bath temperature Weight 


Fraction. point. (limit). (grams). 
5 100—108° 130° 160 
6 108—120 140 494 


7 120—130 160 20 
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After three further redistillations, fraction 6 was augmented to 
610 grams (b. p. 108—120°/18 mm.); two further redistillations 
yielded 290 grams distilling over a range of 4° (108—112°/15 mm.) ; 
and a final redistillation gave 155 grams collected over 1° (109°5— 
110°5°/15 mm.), at a bath temperature of 140°. This fraction, 
which amounted to 11:4 per cent. of the crude oil used, was assumed 
to consist of pure /-piperitone, and the following physical constants 
were observed: di 0°9324 (vac.), nf 1:4848, aj — 48-05°,* 
[aly — 51°53°; d? 09285 (vac.), n> 14827. The specimen 
remained colourless after keeping for several months in diffused 
daylight. 

Another preparation, which had not been subjected to such 
exhaustive purification, had dj 0°9317 (vac.), ni} 1°4841, af — 
46°57°, [«]> — 49°98°; 1:1936 grams of this specimen, when 
dissolved in benzene and made up to 30°0 c.c. at 20°, gave aj? — 2°37°, 
whence [«]} = — 59°57°. 


Physical Propertic® of d-Piperitone from the Essential Oil of 
Andropogon Jwarancusa. 

A sample of this oil, which was kindly placed at our disposal by 
Dr. Simonsen, had d? 0°9286 (vac.), nf 1:4848, af + 51°65°, 
[ajp + 55°62°. A specimen of the extracted ketone, which we 
also received from Dr. Simonsen, had d?# 0‘9351 (vac.), ni” 1°4854, 
ay + 45°19°, [a] + 48°33°. Upon carefully redistilling a portion 
(75 grams) of this specimen under diminished pressure, and rejecting 
the distillate which passed over below 116°/20 mm., two fractions 
were collected possessing the following characteristics : 


Boiling Weight 

Fraction. point. ad, n2, (grams). 
1 116—118-5°/20 mm. -+ 45-91° 1-4848 43-0 
2 118-5—121°/20mm. + 47-03 1-4857 23-0 


The fractions were pale yellow, and their odour was quite distinct 
from that of the J-piperitone from LZ. dives, owing apparently to 
the presence of traces of a highly odoriferous impurity. Fraction 1 
had d? 0°9344 (vac.), whence [«]#’ = + 49°13°. 


The Racemisation of 1-Piperitone. 


When maintained at 180° in a nickel crucible for two hours, a 
specimen of purified piperitone having «jf — 32:08° yielded an 
active piperitone with a} — 26°78°. On heating a fresh quantity 
of the same specimen in a quartz flask at 200° for three hours, a 
product was obtained which gave no measurable optical rotation 


* All the values of a, in this paper are recorded for a 1-dem. tube. 
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when examined in a l-dem. tube in sodium light at 20°. The 
optically active ketone may thus be racemised without difficulty 
by the action of heat alone. 

Observations of partial racemisation made during a series of 
extractions with normal sodium sulphite solution suggested the 
application of alcoholic alkali as a racemising agent. Accordingly, 
l-piperitone (30 grams, 1 mol., af’ — 25°42°) was mixed with a 
solution of potassium hydroxide (13°2 grams, 1°2 mols.) in alcohol 
(190 c.c.). After heating under reflux for forty minutes, the ketone 
was recovered in 70 per cent. yield (21 grams) by steam distillation, 
and found to be optically inactive. 

As partial resinification was observed during the above process, 
a less vigorous racemising agent was sought, and eventually the 
following process proved to be the most convenient for the rapid 
preparation of optically inactive piperitone in quantity. The 
chemically pure, active ketone (110 grams, aj — 32°08°) was 
mixed with a cold solution obtained by dissgving metallic sodium 
(1:2 grams) in absolute alcohol (80 c.c.), and"kept for twenty-four 
hours at the ordinary temperature. The mixture was poured into 
a slight excess of very dilute sulphuric acid, the resulting ketone 
being washed with water and dried over calcium chloride. By 
subsequent distillation under diminished pressure, the optically 
inactive substance was obtained in more than 90 per cent. yield 
(100 grams). 

Specimens of piperitone extracted from the oil of HE. dives by 
fractional distillation under atmospheric pressure invariably 
retained a slight levorotation after such treatment with alcoholic 
sodium ethoxide, whereas all specimens obtained from the purified 
crystalline bisulphite compound became optically inactive. Com- 
plete loss of optical activity in the presence of alcoholic sodium 
ethoxide may thus be regarded as a criterion of the chemical 
purity of preparations of this kind (compare T., 1922, 121, 1871). 

A characteristic feature of the addition of quite small amounts of 
alcoholic sodium ethoxide to piperitone, even after scrupulous 
purification, is the deep red colour which appears within a few 
seconds. On acidification, the red colour is discharged, but it 
returns again upon the addition of a slight excess of alcoholic sodium 
ethoxide or sodium hydroxide. The colour change would thus 
appear to attend a process of enolisation, involving in turn a loss 
of the original molecular asymmetry and the consequent racemisation 
of the ketone. 

In view of cognate investigations, which will form the subject of 
a later paper, the process described by Beckmann (Annalen, 1888, 
250, 334) for inverting /-menthone was applied to /-piperitone. A 
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secimen of the purified ketone having aj — 32°08° was dissolved 
in melting 90 per cent. sulphuric acid, and eventually maintained 
at 30—40° for an hour. The recovered piperitone, however, had 
i’ — 28°79°, and had thus undergone only slight racemisation. 
A much more complete racemisation was effected by shaking 
Lpiperitone (aj) — 25°42°) with a saturated aqueous solution of 
silphur dioxide at the ordinary temperature, until the attainment 
of complete solution : the ketone recovered by boiling the solution 
under reflux for an hour was only slightly active (aj — 0°09°). 


The Interaction of \-Piperitone and Hydroxylamine. 

1. /-Piperitone (10 grams, a} — 46°57°) was mixed with a 10 per 
ent. excess of hydroxylamine hydrochloride (5 grams) dissolved 
in water (10 c.c.), and hot methylated spirit was added in just 
sufficient quantity to give a homogeneous solution. Four successive 
quantities of sodium acetate crystals (3°4 grams) were added at 
regular intervals (0, 1, 2, and 3 hours) to the hot solution, which 
was kept on the water-bath for six hours. The bulk of the alcohol 
was then removed by evaporation, and the residual liquid neutralised 
with sodium bicarbonate solution and extracted with ether. The 
pale yellow oil (10°1 grams) isolated in this way formed a viscous 
mass on cooling: 0°2383 gram dissolved in benzene and made up 
to 30°0 c.c. gave [«]>° + 180°7°. 

The product was freed from unchanged ketone by extracting 
with dilute sulphuric acid in ethereal solution (T., 1922, 121, 587). 
By neutralising the acid extract, a pale yellow liquid was obtained, 
which became viscid on cooling and evidently consisted of some- 
what impure /-piperitoneoxime : 0°2142 gram dissolved in benzene 
and made up to 30°0 c.c. gave [«] + 238°1°. 

2. 1-Piperitone (5 grams, 1 mol., aj — 17°10°) was added to a 
solution of somewhat more than a molecular proportion of hydroxy]- 
amine hydrochloride (2°5 grams) in water (20 c.c.). The mixture was 
then made slightly alkaline with sodium hydroxide solution and 
shaken thoroughly at intervals in a stoppered flask. On the 
following day, crystalline material had started to separate; a 
second quantity of hydroxylamine hydrochloride (2°5 grams) was 
then added, the solution being again rendered slightly alkaline. 
After shaking the alkaline solution vigorously at intervals for about 
a week, the whole of the piperitone had disappeared, with the 
production of a bulky, crystalline precipitate. The latter, after 
being washed successively with water, alcohol, and ether, melted, 
when dry (4°1 grams), at 148—150°. A saturated acetone solution 
of the product, when examined polarimetrically in a 2-dem. tube 
at 20° in sodium light, showed no measurable optical activity, and 
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a similar result attended the use of more highly active specimens 
of piperitone in this reaction. 

By _ prolonged fractional crystallisation from boiling acetone, in 
which it was sparingly soluble, material of this kind (40 grams) 
was shown to consist of a mixture of substances, the melting points 
of the various fractions obtained varying from about 130° to 186°, 
The main component deposited from the acetone solution melted 
when pure at 176°, and by recrystallisation from hot alcohol, in 
which it dissolved with moderate ease, was obtained in aggregates 
of minute, colourless needles, or sometimes in opaque, crystalline 
nodules, melting at the same temperature (176°). As the main 
product of the reaction and the first component to be recognised 
(compare T., 1921, 119, 783), this substance may be designated as 
dl-piperitone-«-hydroxylamino-oxime (Found: C = 59°9; H = 101, 
CioH90,N, requires C = 600; H= 100 ‘per cent.). In the 
course of the fractionation, a small quantity of a somewhat less 
soluble dl-piperitone-8-hydroxylamino-oxime was isolated; this 
substance formed minute, colourless needles, melting at 185—186° 
(Found: C = 59°4; H = 10°0 per cent.). Both these compounds 
gave the colour reactions already described (loc. cit.). The mother- 
liquors appeared to contain small amounts of more soluble sub- 
stances, which were not separated in a state of purity. 

dl-Piperitone-«-hydroxylamino-oxime was insoluble in hot or 
cold water, or in cold sodium hydroxide solution, but it dissolved 
readily in dilute acids. When mixed in ethereal solution with 
p-nitrobenzoyl chloride and kept over-night, it yielded a di-p- 
nitrobenzoyl derivative, crystallising from boiling alcohol in small, 
feathery needles, melting at 165—166° (Found: C = 57°7, 57°9; 
H = 5°9, 5°7. C,,H,,O,N, requires C = 57°38; H = 53 per cent.). 
The derivative was insoluble in dilute acid or alkali, and did not 
give the colour reactions yielded by the parent substance. 


Our acknowledgments are due to Mr. R. 8. Hughesdon, B.Sc., 
for assistance rendered in the course of the work now described. 
We are indebted to the McCaughey Research Fund of the University 
of Sydney for a grant in aid of the investigation, which is being 
continued. 
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CCLIV.—Studies in Phototropy. The Reversed Photo- 
tropy of Cinnamaldehydesemicarbazone and tts 
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ams) Methoxy-derivatives. 
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136° | By IstDoR Morris Hemsron, HERBERT EpwarRp Hupson, and 
an F Doris MaBeEL HvIsH. 


l, in § Ir has previously been shown (Heilbron and Wilson, T., 1914, 
yates # 105, 2892) that cinnamaldehydesemicarbazone exhibits a type of 
lline | phototropy which is the converse of that ordinarily observed. When 
nain § first prepared, it is colourless, and, if immediately placed in the 
ised dark, undergoes no change of colour. If, however, the semi- 
das §f carbazone is exposed to diffused sunlight for some hours, although 
0-1, no visible effect is noticeable, on now placing it in the dark, a 
the § yellow colour develops on the exposed surfaces, which again dis- 
less § appears on re-exposure to light. In the present communication, 
this § the study of this phenomenon, which we suggest designating as 
186° reversed phototropy, has been extended to the methoxy-derivatives 
nds of the parent cinnamaldehydesemicarbazone, and also to the closely 
her- related phenyl- and thio-semicarbazones. 
ub- The methoxycinnamaldehyde-semicarbazones and -phenylsemi- 
carbazones all crystallise from solution as colourless substances and, 
or with the exception of m-methoxycinnamaldehydephenylsemi- 
ved carbazone, which is insensitive to either sunlight or ultra-violet 
“ith light, all exhibit reversed phototropic properties. On the other 
|-p- hand, the thiosemicarbazone derivatives, which we expected to 
all, fnd quite similar in character, exhibit only direct phototropy, 
+9; becoming yellow in diffused sunlight and not reverting to the 
t.). colourless modification on removal from the source of light. A 
not series of experiments has been carried out with the view of obtaining 
evidence of phototropic change in solution, and for this purpose 
solutions of the intensely phototropic o-methoxycinnamaldehyde- 


C., thiosemicarbazone in various solvents were exposed for lengthy 
ed. periods to sunlight. In no case, however, was there the slightest 
ity indication of the production of any colour in the solution and it 


ng may thus be reasonably concluded that phototropy is essentially 
a characteristic of the solid state. 

Thermotropy.—This phenomenon is very strikingly manifested 
] by the semicarbazones exhibiting reversed phototropy. So long 
as any of these remain unactivated by light, rise in temperature 
produces no colour change. On the other hand, after exposure to 
sunlight, in certain cases even for so short a period as five minutes, 
the colourless activated substance becomes yellow almost immedi- 
ately when placed in a steam-oven. 
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On reviewing the evidence brought out by the abcve experi. 
ments, it will be seen that in a reversed phototropic change the 
first effect must be one involving the absorption of a certain number 
of energy quanta, whereby the molecule is transformed from its 
inactive, colourless phase (A) into an active colourless variety 
(A’). This latter form is in turn transformed into the coloured 
modification (B), phototropic equilibrium being established between 
the latter two phases : 


A light m A’ 
inactive colourless << active colourless 
recrystallisation . 
S 4 
yigbt 
Leo 
Pst, Ll ~ aar® 
“ition io ths eran 
B se of 1) 
yellow 


With the idea of possibly gaining some further insight into the 
mechanism of phototropic change, the absorption spectra of the 
inactive, active, and coloured modifications of individual semi- 
carbazones in various solvents were investigated, but these threw 
no new light on the problem, other than confirming that, in solution 
and independent of the solvent employed, all the forms are identical, 
Stobbe has shown that in the case of the fulgides (Annalen, 1908, 
359, 1) the active wave-lengths involved in the bringing about of 
direct phototropic change are those which the substance itself 
absorbs. We have now been able to prove, as indicated below, 
that this applies equally in the present series. An ordinary photo- 
graphic plate was fixed, washed, and when almost dry dusted over 
with colourless, inactive cinnamaldehydesemicarbazone. The 
plate was then placed in the spectrograph and exposed for about 
two hours, an iron are being used as source of light. On examining 
the semicarbazone, no visible change was detected, but after leaving 
the plate over-night, a narrow, yellow band was clearly indicated 
at A = 2800yp, this being the characteristic ultra-violet frequency 
of the substance. 

In order to determine whether energy is emitted during the 
transformation in the dark of the active colourless into the coloured 
form, a photographic plate covered with cinnamaldehydepheny]- 
Semicarbazone was activated in strong light and then placed in 
the dark in contact with an undeveloped plate. After being left 
over-night, during which time the phenylsemicarbazone had become 
yellow, the upper plate was developed, but no mark whatsoever 
could be detected on it. 

Although from the evidence before us we do not feel that a 
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complete explanation of phototropic phenomena can be arrived 
at, especially as regards the factors determining direct or reversed 
phototropy, we suggest that, as the phenomenon is a property of 
the solid state alone and is primarily induced by electro-magnetic 
influences, it must be essentially a process connected with the 
displacement of valency electrons within the molecule. In this 
onnexion, G. N. Lewis has pointed out (J. Amer. Chem. Soc., 
1916, 38, 762) that an accumulation of doubly-linked atoms in a 
molecule necessarily causes a remarkable increase in the mobility 
of the electrons of such atoms, owing to diminution in the con- 
straints acting upon them. As a natural consequence, a decrease 
in the frequency of individual electrons is brought about, so that, 
in the case of a colourless substance, its absorption bands may be 
shifted out of the ultra-violet into the short-wave visible spectrum. 
It seems to us that phototropic change simply represents a concrete 
example of this generalisation, for despite the fact that the phe- 
nomenon is associated with widely varying classes of organic 
compounds, in all cases conjugated linkings are present, and conse- 
quently the conditions necessary for electronic rearrangements 
obtain. The fact now established that phototropic change occurs 
in distinct phases would appear to support this assumption, the 
frst effect of light doubtless being the displacement of one or 
more electrons from a particular unsaturated centre, thus producing 
the primary active phase. This may then pass, owing to a further 
regrouping of the mobile electrons within the molecule, into other 
configurations involving the conjugated system as a whole (compare 
Kermack and Robinson, T., 1922, 124, 427). 

Viewed in this light, a phototropic change would simply represent 
an intermediate stage of an irreversible chemical reaction. The 
active phases of higher energy content, which are similar to Baly’s 
activated molecules (Phil. Mag., 1920, [vi], 40, 15), would tend 
either to lose energy and again pass into the inactive phase (re- 
crystallisation effect), or, on the other hand, to undergo complete 
chemical change with formation of a new substance. Thus Stobbe 
(loc. cit.) has found with the fulgides that, when the phototropic 
change is frequently repeated, the difference of colour between 
the two forms becomes gradually less, the phototropic process giving 
place to a non-reversible chemical reaction in which a substance of 
different constitution is produced. Similarly, Halban and Geigel 
(Z. physikal. Chem., 1920, 96, 233) have shown that, in the case 
of tetrabenzoylethylene, an irreversible chemical change rapidly 
follows the primary phototropic process. 

The acceleration of phototropic action by rise of temperature, 
on a molecule which has been activated by light, readily becomes 


2276 HEILBRON, HUDSON, AND HUISH: STUDIES IN PHOTOTROPY, 


explicable on this electronic basis, as it simply involves change of thirt 
equilibrium between particular active phases. 


semi 

EXPERIMENTAL. a 
Cinnamaldehydethiosemicarbazone, prepared by Freund and oisi 
Schander’s method (Ber., 1902, 35, 2602), and twice recrystallised cnn 


from aqueous alcohol, was obtained in colourless needles melting chlo 
at 123°. From the results of a nitrogen estimation, the above 
authors considered this semicarbazone to be anhydrous [Found: 
(F. and 8S.) N = 20-07. Calc. (anhydrous) N = 20°48 per cent.], phen 
We have now ascertained that it is actually a-hydrated substance, § }75; 
containing one molecule of water. This may be removed either § , xh; 
by heating for some hours in a steam-oven or by keeping in an 
exsiccator over concentrated sulphuric acid for several days. Like 
the above investigators, we invariably obtained high values for 
nitrogen when the analysis was carried out by the ordinary Dumas pou 
method. If, however, the procedure employed by Haas be adopted § jj, 
(T., 1906, 59, 570), and the copper oxide be completely replaced ery’ 
by freshly fused granular lead chromate, normal results will be phe 
given. It is necessary even here to carry out the combustion phe 
exceedingly slowly and to employ as high a temperature as possible. J oy, 
The anhydrous thiosemicarbazone, after crystallisation from J ¢he 
chloroform, melts sharply at 139°. Curiously enough, with this fo, 
substance no difficulty was experienced in obtaining normal phe 
nitrogen values by the Dumas method. col 
On exposure to sunlight for several hours, both substances § je 
assume a bright canary-yellow colour which persists on removal § je; 
from the source of light. Recrystallisation of the anhydrous Jo; 
yellow modification from aqueous alcohol again produces the § gy} 
colourless thiosemicarbazone hydrate, whereas, recrystallised from § te 
chloroform, it separates out in the colourless, anhydrous form. ore 
Compound melting at 123°. Found: C= 536; H=5°9; § in 
N=191; H,O = 8-2, 8:1. C,9H,,N,S,H,O requires C = 53°8; J to 
H=58; N=188; H,0=81 per cent. Compound melting | (g 
at 139°. Found: C= 582; H=52; N= 20-4: CyoH,,N,S J ca 
requires C = 58°3; H = 5:4; N = 20°5 per cent. ac 
o - Methoxycinnamaldehydesemicarbazone. —Twenty grams of § ¢a 
o-methoxycinnamaldehyde, dissolved in alcohol, were treated with th 
an aqueous solution of semicarbazide acetate. The semicarbazone | fo 


: was gradually precipitated, and was purified by crystallisation | N 
} from absolute alcohol. It forms colourless crystals melting at 200°, 

‘ and exhibits the phenomenon of reversed phototropy in a very 01 
by pronounced degree. An attempt to obtain an isomeric form was [| 4) 


made by exposing an alcoholic solution of the semicarbazone for | ¢; 
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thirty hours to the light of a quartz mercury lamp, but the original 
smicarbazone alone was recovered (Found : N = 19:1. C,,H,,0,N3 
requires N = 19-2 per cent.). 

o-Methoxycinnamaldehydephenylsemicarbazone was prepared by 
mixing an alcoholic solution containing 20 grams of o-methoxy- 
dnamaldehyde with 24 grams of phenylsemicarbazide hydro- 
chloride, dissolved in the minimum quantity of water. The orange- 
coloured precipitate which was immediately thrown out of solution 
was filtered off and, after twice crystallising from alcohol, the 
phenylsemicarbazone was obtained in colourless leaflets melting at 
115°. It is interesting to note that, in general, semicarbazones 
exhibiting pronounced phototropic properties are first precipitated 
in coloured forms, and must thus be in the form of activated 
molecules. This same compound was readily produced by boiling 
cinnamaldehydesemicarbazone with aniline for five minutes. On 
pouring the hot reaction mixture into dilute acetic acid, a semi- 
solid mass separated out, which became hard on standing. After 
crystallisation, first from benzene and finally from alcohol, the 
phenylsemicarbazone was obtained pure. This substance is highly 
phototropic and, after six hours’ exposure to sunlight, develops, 
on the excited surface, a deep orange-yellow colour on placing in 
the dark. This colour again disappears on re-exposure to sunlight 
for two hours. Freshly prepared o-methoxycinnamaldehyde- 
phenylsemicarbazone, if immediately placed in the dark, remains 
colourless, proving definitely that activation by light is first 
necessary to promote the phototropic properties. The efiect of 
heat in accelerating phototropic change is very evident with this 
compound. Exposure to bright light for about half-an-hour is 
sufficient to cause the development of a strong yellow colour at the 
temperature of a closed steam-oven, whereas, in the dark, at the 
ordinary temperature, colour is only very slowly developed. As 
in the case of certain stilbene derivatives phototropy was found 
to be dependent on the presence of oxygen in the enveloping gas 
(Stobbe and Mallison, Ber., 1913, 46, 1226), experiments were 
carried out with this phenylsemicarbazone in such a manner that 
activation by light was effected in an oxygen-free atmosphere, 
carbon dioxide and hydrogen, respectively, being employed for 
this purpose. The reversed phototropic effects were, however, 
found to be unimpaired (Found: N = 14:3. ©,,H,,0,N, requires 
N = 14:2 per cent.). 

o-Methoxycinnamaldehydethiosemicarbazone is rapidly precipitated! 
on addition of a hot aqueous solution of thiosemicarbazide to an 
alcoholic solution of the aldehyde, as a yellow powder which, after 
two crystallisations from ethyl alcohol, yields colourless needles 
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melting at 185°. It is sparingly soluble in hot chloroform, more 
readily soluble in ethyl acetate or alcohol. This thiosemicarbazone 
is intensely phototropic, becoming bright canary-yellow when 
exposed to light for a few hours. Various experiments were carried 
out in attempts to produce an isomeric form, but in every case 
unchanged thiosemicarbazone was regenerated (Found: N = 17'8, 
C,,H,,0N,S requires N = 17°9 per cent.). 

m - Methoxycinnamaldehydesemicarbazone. — m - Methoxycinnam. 
aldehyde, prepared by Pfeiffer’s method (Annalen, 1917, 412, 
322), was condensed with semicarbazide acetate in the usual ? 
manner. ‘The semicarbazone crystallises from -alcohol in shining 0C 
leaflets melting at 197°, readily soluble in ethyl alcohol, chloroform, 
or ethyl acetate, and insoluble in light petroleum. It exhibits 
very intense reversed phototropy, assuming a bright canary-yellow 
colour on being placed in the dark over-night, after an exposure 
of half-an-hour to ordinary sunlight. The colour entirely disappears § [x t 
on re-exposure to light (Found: N= 189. C,,H,,0,N, requires § of c 
N = 19:2 per cent.). BE nis 

m-Methoxycinnamaldehydephenylsemicarbazone was thrown down prin 
as an orange-yellow precipitate from a reaction mixture containing § sing 
5 grams of m-methoxycinnamaldehyde and 6 grams of phenyl- § typ 
semicarbazide hydrochloride in aqueous alcohol. After recrystal- § sid 
lisation from alcohol, it formed colourless leaflets melting at 161°. I 
Unlike the semicarbazone itself, it is insensitive to light, being § wh 
completely devoid of phototropic properties. That this compound § an 
is a normal phenylsemicarbazone is proved, not only by the fact § wh 
that the aldehyde is regenerated on hydrolysis with 20 per cent. § giv 
hydrochloric acid, but also by its preparation from m-methoxy- § sl 
cinnamaldehydesemicarbazone on boiling with aniline (Found: § co 
N = 14:2 per cent. C,,H,,0,N, requires N = 14:2 per cent.). mi 

p-Methoxycinnamaldehydesemicarbazone.—The aldehyde and its § gr 
semicarbazone were prepared by Scholtz and Wiedemann’s method § m 
(Ber., 1903, 36, 853). The semicarbazone forms colourless leaflets § pc 
melting at 202°, which even after exposure for three days to bright § in 
sunlight develop only feeble phototropic properties. The corre- § he 
sponding phenylsemicarbazone melts at 184° and is but feebly § or 
phototropic (Found: N = 14:2. (C,,H,,0,N, requires N = 142 | 
per cent.). 

The thiosemicarbazone forms canary-yellow needles melting at § in 
194° and is devoid of phototropic properties (Found: N = 17°8. § s 
C,,H,,0N,S requires N = 17°8 per cent.). b 


In conclusion, we desire to express our thanks to Professor E.C.C. | h 
Baly, F.R.S., for many valuable suggestions bearing on the spectro- | t 
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gaphic examination of the compounds, to Dr. J. W. C. Phillips 
fr help in connexion with the preparation and analysis of the 
donamaldehydethiosemicarbazones, and also to the Council of the 
Department of Scientific and Industrial Research for grants which 
jave enabled the work to be carried out. 
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(CLV.—Studies in Mutual Solubility. PartI. Intro- 
ductory. The Mutual Solubility of Glycerol and 
Aliphatic and Aromatic Ketones. 


By Bast CuaRLEs McEwen. 


Ix the course of an extensive investigation on the mutual solubility 
of carbon compounds a number of general principles governing the 
niscibility of liquids have been observed. To illustrate these 
principles as briefly as possible, the solubility relations between a 
single carbon compound, namely, glycerol, and members of several 
typical classes of carbon compounds have been selected for con- 
sideration. 

In general, a given solvent most readily dissolves those substances 
which are closely allied to it chemically, since, in such cases, solvent 
and solute contain within their molecules certain atoms or groups 
which possess a mutual affinity for one another ; such mutual affinity 
giving rise to what may be termed a “ solution stress ”’ between the 
solvent and the solute. Thus, water tends to dissolve hydroxylic 
compounds, such as the alcohols and phenols, on account of the 
mutual affinity between the oxygen atoms within the hydroxyl 
groups. In general, the more oxygen a compound contains the 
more readily does it dissolve in water and other hydroxylic com- 
pounds. This is especially the case when the oxygen is present 
in combination with hydrogen, that is, as hydroxyl groups. When, 
however, the hydrogen of a hydroxy! group is replaced by an alphyl 
or aryl radicle, the solubility in water and other hydroxylic com- 
pounds is lessened, owing to steric hindrance. 

Flaschner and McEwen have shown (T., 1908, 93, 1000) that the 
increase of mutual solubility between water and members in the 
series of alcohols, aliphatic acids, and aliphatic amines, as well as 
between water and members of the pyridine and piperidine series, 
is due to the respective oxygen and nitrogen atoms (carbon and 
hydrogen atoms causing a decrease in miscibility), and that, further, 
the larger the carbon-hydrogen group attached to the oxygen or 
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is the mutual solubility. The same general rules have been found 
to apply to glycerol, which, on account of the three hydroxyl groups 
within its molecule, resembles water in many of its solubility 
relationships. 

The introduction of an amino-group into an aliphatic or aromatic 
hydrocarbon increases its solubility in water and other hydroxylic 
compounds, on account of the mutual affinity between the oxygen 
in the hydroxyl group and the nitrogen in the amino-group. Thus, 
for example, methylamine and aniline are more readily soluble in 
water and glycerol than are methane and benzene in the same 
solvents. The introduction of alphyl and aryl groups decreases 
the solubility of carbon compounds in water and other hydroxylic 
compounds, and increases their solubility in hydrocarbons. The 
higher members of the homologous series of alcohols, aldehydes, 
ketones, and acids, for example, are less soluble in water and 
glycerol than the lower members, which possess a smaller carbon 
content, whilst, on the other hand, as the hydrocarbon character 
becomes more fully developed in the higher homologues they 
become increasingly soluble in other hydrocarbons. Thus, the 
mutual solubility of two liquids is, in general, affected by the intro- 
duction of any substituent into the molecule of one of the liquids. 
If the substituent in the first liquid possess but little affinity for 
atoms or groups within the molecule of the second liquid, the 
mutual solubility tends to decrease, the diminution being deter- 
mined, not only by the chemical nature, but also by the spatial 
relationships of any substituents introduced into the molecule, 
in accordance with the general principles of steric hindrance. 
Glycerol, for example, is miscible with aniline in all proportions, 
but is soluble in o-toluidine only to a small extent at the ordinary 
temperature, although the upper critical solution temperature for 
o-toluidine and glycerol can be realised without difficulty. Glycerol 
is miscible with p-toluidine in all proportions (at temperatures 
above the melting point of the latter, namely, 42°8°), the mutual 
solubility being less affected in this case, on account of the greater 
remoteness of the methyl group from the amino-group. 

The secondary and tertiary monoamines also show a progressive 
decrease in their miscibility with glycerol, with increase in the size 
of the alkyl groups attached to the nitrogen atom. The decrease 
in mutual solubility in these cases must be attributed to steric 
hindrance, the nitrogen atom being prevented from coming suffi- 
ciently close to a hydroxyl group of the glycerol for the mutual 
affinity between the oxygen and nitrogen atoms to have full play. 
The increased solubility in hydrocarbon solvents occasioned by the 
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introduction of alkyl groups into carbon compounds must be attri- 
buted to mutual affinity between the carbon atoms (and, possibly, 
hydrogen atoms) in solvent and solute. Thus, the mutual solubility 
of glycerol and aniline is partly due to the mutual affinity between 
the nitrogen in the amino-group of the aniline and the oxygen in 
me or more of the hydroxyl groups of the glycerol, and partly to 
the mutual affinity between the carbon atoms in the two compounds. 
That the former is the predominating influence is shown by the slight 
niscibility, at the ordinary temperature, of o-toluidine and glycerol. 

Again, phenol is completely miscible with glycerol at all temper- 
atures; the replacement of the hydrogen in the hydroxyl group by 
an alkyl group, for example, by a methyl group, considerably 
reduces the miscibility. Thus, the upper critical solution temper- 
ature of glycerol and anisole is 275°5°. If a hydroxyl group be 
now introduced into the ortho-position (guaiacol), the mutual 
slubility will be greatly increased; and although guaiacol and 
glycerol are not completely miscible at all temperatures, yet the 
complete solubility curve for this pair of liquids can be experi- 
mentally realised (see Part IT). 

Even if the substituent in an aromatic derivative possess great 
mutual affinity for a particular atom or group in another liquid, 
the mutual solubility may still be lowered if the substitution occur 
in the ortho-position to the particular group which originally 
determined the mutual solubility. Thus benzene is sparingly 
miscible with glycerol; phenol is completely miscible with glycerol 
at all temperatures; benzaldehyde is completely miscible with 
glycerol only above 160°7° (the upper critical solution temperature 
for glycerol and benzaldehyde). Yet the introduction of a hydroxyl 
group in the ortho-position to the aldehydo-group in benzaldehyde 
lowers the mutual solubility, the upper critical solution temperature 
for glycerol and salicylaldehyde being 176-6°. 

In general, if the miscibility of a given liquid, X, with an aromatic 
compound containing a particular group, A, be greater than the 
miscibility of the same liquid, X, with the aromatic compound 
when the group A is replaced by a different group, B, then, if both 
the groups A and B are introduced into the aromatic compound 
in the ortho-position to one another, the miscibility with the liquid 
X will tend to a lower value than when only the group A was present, 
and may even be less than when only the group B was present. 
This generalisation will be considered more fully in Parts II and III. 

The determinations of the solubility curves were made by 
Alexéev’s synthetic method, the temperature at which separation 
into two liquid phases occurred being determined by means of 
standard Anschiitz thermometers. A narrow tube was blown out 
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at one end into a small bulb, and, at the other end, drawn out into 
a capillary. The capillary was scratched at a point near its open 
end with a diamond, and the whole tube was carefully cleaned and 
weighed. A definite quantity of glycerol was introduced by means 
of a not too fine capillary pipette, and after the open end of the 
capillary had been sealed to prevent absorption of moisture by the 
glycerol the tube was again weighed. The tube was placed on a 
watch-glass, and the end of the capillary broken off cleanly, at the 
place scratched by the diamond. A definite quantity of the second 
liquid was then introduced by means of another capillary pipette, 
and the open end of the capillary tube again sealed. The tube, 
together with the small piece of capillary on the watch-glass, was 
weighed, and the weight of the second liquid introduced obtained. 


Fig. 1. 
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Percentage of ketone. 
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o> 20° 40° 60" 80" 100" 120° 140° 160° 180" 
Temperature. 

I= Acetone + glycerol. II=Methyl ethyl ketone + glycerol. III=Aceto- 
phenone + glycerol. 
In the case of solids with low melting points, such as thymol and 
p-toluidine, the same procedure was adopted, the solid being first 
melted and then introduced in the liquid state. As a large number 
of the solubility measurements were carried out at a temperature 
exceeding 38°, it was found desirable, in the case of volatile liquids, 
to cool both the sma!l bulb tube and the vessel containing the liquid 
in ice-water before introducing the liquid into the bulb. Since, 
in certain cases, slight decomposition occurred when the liquid 
mixtures were heated to high temperatures, each mixture was only 
used for one determination at the upper part of any solubility curve. 

Merck’s “ Bidistilled Extra Pure Glycerol (Ph. Brit.)’ was 
employed in all the solubility determinations. Fresh portions were 
used for the determination of each solubility curve, to ensure 
freedom from absorbed moisture. The purest obtainable samples 
of the other liquids were fractionated and the fractions boiling 
at the temperatures specified in each case were employed in the 
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determination of the solubility curves. The refractive indices 
of the liquids were also determined as a test of their purity. 

In the following tables the amounts of the respective ketones are 
given in percentage by weight of the solution. The results are 
reproduced in Fig. 1. 


Acetone. Soln. pt. Acetone. Soln. pt. 
89-61 40-0° 48-43 95-5° * 
86-93 58-5 46-31 95-3 * 
76-96 81-3 45-75 95-3 
67-42 91-7 44-67 95-2 
64-47 93-5 34-74 90-9 
57-25 95-5 29-24 85-3 
56-59 95-5 26-58 81-3 
55-34 95-6 * 20-44 66-6 
53-07 95-7 15:77 44-8 
51-28 95-6 * 10-90 9-5 

Methyl Methyl 
ethyl ketone. Soln. pt. ethyl ketone. Soln. pt. 

92-14 55-5° 41-27 163-2° 
86-55 118-5 36-17 162-5 
74-78 150-0 26-75 155-5 
67-14 161-5 13-21 128-5 
60-25 164-5 10-73 116-5 
53-84 164-5 4-00 37°5 

Acetophenone. Soln. pt. Acetophenone. Soln. pt. 
97-13 90-5° 42-00 185-0° * 
95-30 113-5 34-62 184-0 
83-42 162-5 21-14 174-5 
75-07 175-5 15-88 164-0 
61-90 183-6 8-86 136-5 
53°32, 185-5 * 4-38 97-5 
51-13 185-4 * 


* Critical opalescence observed. 


(Slight decomposition occurred at high temperatures in the case 
of methyl ethyl ketone and glycerol, the contents of the bulb tube 
becoming slightly brown, and a lower value for the solution point 
being obtained at each subsequent determination.) 

Glycerol: B. p. 288-1°/715-5 mm.; njf* = 1-4634. 

Acetone: B. p. 54:5°/715-5 mm.; n#* = 1-3514. 

Methyl ethyl ketone: B. p. 79-0°/715-5 mm.; n}* = 1-3800. 

Acetophenone: B. p. 200-1°/715-5 mm.; n}* = 1-5252. 

The upper critical solution temperature for glycerol and acetone 
is, accordingly, 95-7°. The replacement of a methyl group in acetone 
by an ethyl group raises the upper critical solution temperature 
by nearly 70°, the upper critical solution temperature for glycerol 
and methyl ethyl ketone being 164-5°. The replacement of a methyl 
group in acetone by a phenyl group raises the upper critical solution 
temperature by nearly 90°, the upper critical solution temperature 
for glycerol and acetophenone being 185-5°. 

In general, the larger the alkyl group attached to the carbonyl 
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group of a ketone, the smaller is the mutual solubility with glycerol, 
The upper parts of the curves, as is generally the case, are nearly 
symmetrical: the lower halves of the curves cannot be obtained, 
on account of the appearance of a solid phase. 


H.E.H. Tur Nizam’s CoLieceE, 
HYDERABAD, Deccan, INDIA. (Received, July 2nd, 1923.] 


CCLVI.—Studies in Mutual Solubility. PartII. The 
Mutual Solubility of Glycerol and Alcohols, Alde- 
hydes, Phenols, and their Derivatives. 


By Basa CHARLES McEwen. 


GLYCEROL, like water, is miscible in all proportions with the lower 
members in the series of monohydric saturated aliphatic alcohols, 


100 - in ‘4 It is also miscible with the lower 
L members in the series of aromatic 
alcohols. isoButyl alcohol and 

80 ia sec-butyl alcohol have upper 
s critical solution temperatures 


with water of 130° and 113:7°, 
respectively, but are completely 
r _ miscible with glycerol. isoAmy] 
alcohol has an upper critical 
solution temperaturé with glyce- 
rol of 74:2°. In the following 
table the amount of isoamyl 
alcohol is given in percentage 
by weight of the solution; 
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Percentage of isoamyl alcohol. 
to 
Oo 


= 


0 A. 4 4 A A. nal . 
0° 20° 40° 60° the results are reproduced in 
Temperature. Fig. 1. 

isoAmyl isoAmyl isoAmyl] 

alcohol. Soln. pt. alcohol. Soln. pt. alcohol. Soln. pt. 
84-26 12-5° 46-16 73-0° 19-20 71-5° 
76-21 36-8 36-79 74-1* 13-97 66-5 
62-40 61-4 31-90 74-2* 10-35 58-0 
54-41 69-3 27-62 73-7 5-05 21-5 


* Critical opalescence observed. 


tsoAmyl alcohol: B. p. 129°3°/715°5 mm.; np* = 1°3990. 

Similarly, glycerol is completely miscible with the lower members 
in the series of monohydric phenols, but becomes less soluble with 
increase in the size of the carbon-hydrogen group, or groups, in the 
higher homologues. Thus thymol, m. p. 51°, has an upper critical 
solution temperature with glycerol of 218°5°. 
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The solubility relations between glycerol and benzaldehyde 
and salicylaldehyde, between glycerol and anisole, and glycerol 
and guaiacol are shown in the following table, and in Figs. 2, 3, and 
4, The amount of the aromatic compound is, in each case, given 
in percentage by weight of the solution. 


Fic. 2. 
L. ee Oe 
a | 
F * 
sb 
> 
S 
il I} 1 
=| } 
o 
SL 
= 
a / 
Ss] </ 
RI a 
aa 
i a aaa 
60° 80° 100° 120° 140° 160° 180° 
Temperature. 


I=Benzaldehyde + glycerol. II=Salicylaldehyde +- glycerol. 


Benzalde- Salicyl- 
hyde. Soln. pt. aldehyde. Soln. pt. Anisole. Soln. pt. 
97-02 85-5° 95-60 106-5° 90-12 230-5° 
94-54 107-5 91-38 143-5 78-80 263-5 
90-10 127-5 77-02 170-5 69-46 273-5 
77-13 152-5 58-67 176-5 53-41 275-5 
62-30 159-5 52-22 176-6 44-02 274-5 
55-29 160-7* 48-32 176-5 27-68 250-5 
49-22 160-3* 41-82 175-5 11-29 185-5 
26-63 144-5 26-54 165-5 6-07 161-5 
23-87 140-0 18-30 148-5 
12-42 123-5 5-36 91-5 
7°74 103-5 
4-53 67-5 
Soln. pt. Soln. pt. 
No separation No separation 
Guaiacol. between Guaiacol. between 
77-40 35° and 90° 59-89 83-5° * and 39-5° 
75-22 66-0 and 52-5 54-56 83-4 * and 39-8 * 
74-72 67-0 and 51-5 46-18 82-6 and 40-7 * 
73-03 72-9 and 47-0 39-04 80-4 and 41-8 
68-02 79-5 and 42-0 38-82 80-1 and 42-2 
61-93 83-0 * and 39-9 31-88 73-5 and 46-6 
61-35 83-0 * and 39-9 28-57 No separation be- 
tween 35° and 80° 
(a faint cloudiness 
* Critical opalescence observed. observed at 61— 


62°), 


VOL. CX XIII. 4H 
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(Slight decomposition oceurred at high temperatures in the cases § in | 
of benzaldehyde and glycerol, salicylaldehyde and glycerol, and § eith 
anisole and glycerol, the contents of the bulb tube becoming slightly J A 
brown, and a lower value for the solution point being obtained at § furz 
each subsequent determination. No decomposition occurred in the § oxy; 
case of guaiacol and glycerol, on account of the lower value of § of s 


the upper critical solution temperature.) proy 
Benzaldehyde: B. p. 177:1°/715°5 mm.; np* = 1°5355. tion 
Salicylaldehyde: B. p. 194:1°/715°5 mm.; n>®* = 1°5632. grea 
Anisole: B. p. 150°2°/715°5 mm.; ny* = 1:5080. reple 
Guaiacol (chem. pur. synthet.): B. p. 202°3°/715:1 mm.; nj* = fare « 
15341. amor 
Fic. 4. atom 
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It is thus evident that the replacement of the hydrogen of the 
hydroxyl group in phenol by a methyl group (anisole) considerably 
reduces the mutual solubility with glycerol. The subsequent intro- toms 
duction of a hydroxyl group in the ortho-position to the methoxy- 
group (guaiacol) raises the mutual solubility again, so that guaiacol of gly 
is completely miscible with glycerol except for a small range of Indeec 
temperature (39°5° to 83°5°). The complete solubility curve of benzal 
glycerol-guaiacol can thus be followed. It will be seen that the salicy] 
law of rectilinear diameters holds fairly well for the upper portion, It v 
whilst the diameter is somewhat more sharply curved for the lower §2Up 
part of the solubility ring. hydro: 

The introduction of a hydroxyl group in the ortho-position to mise’ by 
the aldehydo-group in benzaldehyde lowers the mutual solubility {tical 
with glycerol, salicylaldehyde and glycerol having an upper critical Yanillin 
solution temperature of 176°6°. In this case, as was pointed out meltins 
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in Part [f(preceding paper), the mutual solubility is less than for 
either glycerol and phenol, or glycerol and benzaldehyde. 

An explanation of these solubility relationships appears to be 
furnished by the assumption of a mutual attraction between the 
oxygen atoms modified, to a greater-or less extent, by the influence 
of steric hindrance. Thus phenol and glycerol are miscible in all 
proportions. o-Cresol and glycerol are still miscible in all propor- 
tions, the steric hindrance of the methyl group not being sufficiently 
great to prevent complete miscibility. If the methyl group be 
replaced by a methoxy-group, we find that guaiacol and glycerol 
are only completely miscible below 39°5° and above 83°5°, a small 
amount of mutual attraction being set up between the oxygen 
atoms in the two adjacent groups in the benzene ring, so that the 
rmaining attraction for the oxygen atoms in the glycerolis weakened. 
The amount of mutual attraction between the oxygen atoms in the 
ortho-position, in this case, will not be very great, because the 
nethyl group attached to the oxygen in the methoxy-group screens, 
toa large extent, the oxygen atom in that group, so that the oxygen 
in the adjacent hydroxyl group exerts nearly as much attraction 
for the oxygen in the glycerol hydroxyl groups as in the preceding 
case Of o-cresol and glycerol. The steric hindrance exerted by the 
methyl group attached to the oxygen atom in the methoxy-group 
is well shown by the sparing mutual solubility of anisole and glycerol 
(the upper critical solution temperature for this pair of liquids 


gm veing 275°5°). Again, if an aldehydo-group be introduced in the 


ortho-position to the hydroxyl group in phenol (salicylaldehyde), 
the miscibility with glycerol is considerably reduced (upper critical 
solution temperature = 176°6°). This would indicate the existence 
ofa moderate amount of mutual attraction between the oxygen 
atoms in the adjacent hydroxyl and aldehydo-groups, and a corre- 
sponding weakening in the remaining attraction for the oxygen 


. Jtoms in the glycerol. It should therefore follow that the mutual 
. Polubility of glycerol and benzaldehyde should be greater than that 


of glycerol and anisole, and such, in fact, is found to be the case. 
Indeed, the upper critical solution temperature of glycerol and 
benzaldehyde (160°7°) is even lower than that of glycerol and 
slicylaldehyde (176°6°). 

It would be anticipated that the introduction of an aldehydo- 
group into, say, guaiacol, if not in the ortho-position to either the 


hydroxyl or the methoxy-group, would somewhat increase the 
miscibility with glycerol, and it was found that, whilst the upper 
ttitical solution temperature for glycerol and guaiacol was 83°5°, 
vanillin was miscible with glycerol in all proportions above its 
melting point, 80°. The introduction of a carbon—hydrogen side 
4H2 
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chain into guaiacol should,‘on the other hand, reduce the miscibility 
with glycerol. Thus eugenol and glycerol were found to have a 
much higher upper critical solution temperature than guaiacol 
and glycerol. 

In the case of pyrocatechol, where two hydroxyl groups are in 
the ortho-position in the benzene nucleus, it was found that there 
was complete miscibility with glycerol at temperatures above the 
melting point of pyrocatechol, 104°. Now, although in this case 
there may be assumed to be a moderate amount of mutual attraction 
between the oxygen atoms in the adjacent hydroxy] groups in the 
benzene nucleus, yet, since there are two hydroxyl groups present, 
the remaining attraction exerted by both groups for the oxygen 
atoms in the glycerol is still sufficient to determine complete mis- 
cibility. 

As to the nature of the mutual affinity between the oxygen 
atoms in the cases considered, little evidence is available. Since 
an element such as oxygen may show more than one valency, it is 
possible that in the presence of a second oxygen atom, whether in 
the same or another molecule, additional valencies may come into 
play. Thus, if oxygen be regarded as functioning as a quadrivalent 
element, the two additional valencies of the oxygen atom in a 
molecule of one liquid may exert an attractive force on an oxygen 
atom in a molecule of another liquid, the oxygen atom in the second 
liquid also possessing two additional valencies. This attractive 
force may be sufficient to determine the complete miscibility of 
the liquids, unless reduced to a greater or less extent by either the 
steric hindrance of adjacent carbon—hydrogen groups within the 
molecule, or by the additional valencies being already exerted 
between adjacent oxygen atoms within the same molecule instead 
of being available to act on the oxygen atoms in the molecule of 
the second liquid. 


H.E.H. Toe Nizam’s CoLiece, 
HypERABAD, Deccan, Inp1i. [Received, July 2nd, 1923.] 


CCLVII.—Dyestuffs Derived from Heterocyclic Bases 
containing Reactive Methyl Groups. 


By James LEONARD BRIERLEY SMITH. 


I. Photosensitising Dyestuffs—The dyestuffs obtained by con- 
densing the alkiodides of methyl-substituted heterocyclic compounds, 
containing a reactive methyl group, with p-dimethylaminobenz- 
aldehyde are pronounced photographic sensitisers (K6nig, J. pr. 
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Chem., 1912, [ii], 86, 172; Kénig and Treichel, ibid., 1921, [ii], 
402, 63; Barbier, Bull Soc. chim., 1920, [iv], 27, 427; Mills and 
Pope, T., 1922, 121, 946; Mills and Smith, ibid., p. 2724). 

A series of dyestuffs of this type has therefore been prepared 
from the methiodides of various heterocyclic compounds, in order 
to observe the effect of various substituents on the photosensitising 
action of this class of dyestuffs. 

The observation of Mills and Smith (loc. cit.) of the unusually high 
reactivity of the 2-methyl group in the alkiodides of the thiazole 
bases is confirmed by these experiments. All the methiodides of 
the 4- and 5-substituted derivatives of 2-methylthiazole (I) reacted 
exceedingly readily with p-dimethylaminobenzaldehyde and with 
nitrosodimethylaniline. The same is true of the methiodides of 
2-methylbenzothiazole (II) and of the 2-methyl-«- and -f-naptha- 
thiazoles (III and IV). However, the methiodides of 2 : 3-dimethyl- 
benziminazole (V) and 2:3: 3-trimethylindolenine (VI) condensed 
less readily with p-dimethylaminobenzaldehyde than the 2-methyl- 
thiazole methiodides. 
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The resulting 2-p-dimethylaminostyryl derivatives all possess 
photosensitising properties. In the simple thiazole series, the extra 
sensitiveness conferred on the gelatino-silver bromide photographic 
plate by the dyestuff increases regularly with the complexity of 
the substituent groups: a comparison of the 2-p-dimethylamino- 
styryl derivatives of II, V, and VI has shown that the photo- 
sensitising property and the colour of the compound are changed 


very considerably by the substitution of -NMe or —CMe, for 
-S-. All the compounds described diminish the normal speed of 
the gelatino-bromide plate. With exception of the light yellow 
2-p-dimethylaminostyryl-3-methylbenziminazole methiodide, they 
are highly coloured, lustrous, crystalline compounds, useless as 
dyestuffs because of the fugitive character of the shades on silk 
in regard to light and washing. The discharge of the colour by 
mineral acids, and its restoration by the addition of alkali are 
characteristic of all these compounds. 
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II. The Anils of the 4- and 5-Substituted 2-Aldehydothiazok 
Methiodides.—It was shown by Kaufmann and Vallette (Ber, 
1912, 45, 1737) that quinaldine alkiodides condense with nitroso. 
dimethylaniline in the presence of piperidine, to yield the highly 
coloured anils of quinoline-2-aldehyde alkiodides. Mills and Smith 
(loc. cit.) have shown that 4-phenyl-2-methylthiazole methiodide can 
undergo a similar condensation. 

As these anils only differ from the corresponding dimethyl. 
aminostyry! derivatives in having the system ~CH:N- in place of 
-CH:CH-, a series of them was prepared for comparison with the 
styrylthiazole derivatives. Since these anils are highly coloured 
compounds, nitrosodimethylaniline in alcoholic solution in the 
presence of piperidine serves as a very delicate test for the reactivity 
of a methyl] group in the methiodides of methyl-substituted hetero. 
cyclic compounds. All the methiodides of the 4- and 5-substituted 
derivatives of 2-methylthiazole are exceedingly reactive, giving 
this test in a few seconds in the cold. 

These anil methiodides are more highly coloured than the corre- 
sponding styryl compounds, and differ from them in a marked 
degree in photosensitising properties; the anils all decrease very 
considerably the normal sensitiveness of the gelatino-silver bromide 
photographic plate. It is not improbable that this is due to the 
“ screening ”’ effect of the colour imparted to the plate, since these 
dyestuffs are very highly coloured. 

These anil methiodides are useless as dyestuffs, as the red colour 
imparted to silk is very fugitive in daylight, and may easily be 
removed by washing. ‘The colour of the anil in solution is very 
easily discharged by acids, but may be restored slowly by the 
addition of alkali. 

The apparatus and method employed for taking the spectro- 
graphs of the compounds described in the present paper are sub- 
stantially the same as those described by Mills and Pope (Phot. J., 
1920, 60, 186). 

EXPERIMENTAL. 


2-Methylihiazole Methiodide, CyHI;NS,CH,I.—2-Methylthiazole, 
prepared from thioacetamide and chloroacetal by Hantzsch’s 
method (Annalen, 1888, 250, 270), was converted almost quan- 
titatively into the methiodide by heating with methyl iodide for 
four hours at 60°; the reaction also proceeds rapidly at the ordinary 
temperature. This methiodide, which was readily soluble in 
water and sparingly soluble in hot alcohol, crystallised from the 
former solvent in colourless needles subliming at 298° but not 
melting at 300° in a sealed tube (Found: I = 52°57. C,H,NIS 
requires I = 52°70 per cent.). 
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2-p-Dimethylaminostyrylthiazole Methiodide, C,,H,,N,IS. — On 
heating a solution of 2-methylthiazole methiodide (40 grams) and 
p-dimethylaminobenzaldehyde (2°5 grams) in alcohol (60 c.c.) 
with piperidine (0°6 c.c.), a red colour developed rapidly; after 
boiling for four hours, red crystals (1 gram) separated from the 
solution on cooling. These, having been collected, washed with 
hot water and ether, and recrystallised from methyl alcohol, gave 
fine, red needles with faint blue reflex, m. p. 253° (decomp.) (Found : 
I= 33:98; S= 8°80. C,,H,,N,IS requires I = 34:14; S = 8°61 
per cent.). 

This dyestuff resembles very closely the 2-p-dimethylamino- 
styrylpyridine methiodide described by Mills and Pope (loc. ctt.). 
The colour in solution is orange. The dyestuff is a photosensitiser 
for the gelatino-bromide plate, and confers an extra sensitiveness 
which extends to 45800, with a maximum at A5000. 

2-p-Dimethylaminostyryl-4-methylthiazole Methiodide. — 2 : 4-Di- 
methylthiazole methiodide (8 grams), prepared by Hantzsch’s 
method (Annalen, 1888, 250, 265), and p-dimethylaminobenzalde- 
hyde (4°7 grams) were heated in alcohol (100 c.c.) with piperidine 
(1'1 c.c.), a red colour appearing immediately. The red crystals 
(4 grams) that had formed after one hour's boiling separated from 
methyl alcohol in red needles with blue reflex, m. p. 269° (decomp.) 
(Found : C = 46°65; H = 4°95; I = 32°91; S = 8-24. C,;H,,N,IS 
requires C = 46°63; H = 4-92; I = 32°90; S = 8-29 per cent.). 

The colour in solution is deep orange. ‘The extra sensitiveness 
conferred by the dyestuff on the gelatino-bromide plate extends 
to 45950, with a maximum at 5500. 

4-Phenyl-2 : 5-dimethylthiazole, C,,H,,NS.—An_ equimolecular 
mixture of w-bromopropiophenone (Pampel and Schmidt, Ber., 
1886, 19, 2896) and thioacetamide reacted vigorously when mois- 
tened with alcohol and warmed gently; the crystalline product 
was dissolved in dilute hydrochloric acid. From the solution 
after filtration from tar the base was set free by alkali as an oil, 
which was extracted with ether and dried with potassium hydroxide. 

The oil remaining after evaporation of the ether was fractionated, 
when 4-phenyl-2 : 5-dimethylthiazole passed over at 296°/758 mm. 
as a colourless, highly refractive oil with a faint aromatic odour. 
The yield was 40 per cent. of the theoretical (Found: S = 17-07. 
©,,H,,NS requires S= 1693 per cent.). The picrate forms 
golden-yellow needles, m. p. 128°, and the chloroplatinate fine, 
yellow needles from water, m. p. 299° (decomp.) (Found : Pt = 24-68. 
C..H,,N,Cl,S,Pt requires Pt = 24°74 per cent.). 

4.Phenyl-2 : 5-dimethylthiazole methiodide, C,,H,,NS,CH;I,H,O, 
was prepared by heating the base with methyl iodide in a sealed 
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tube for forty-eight hours at 100°. On recrystallisation from 
water, in which it is very soluble, it was obtained as colourless, 
monohydrated needles. The anhydrous salt is a yellow, crystalline 
powder, m. p. 171° (Found: H,O = 5°03. C,,H,,NIS,H,0 
requires H,O = 5°16 per cent. Found: I = 38°30. C,,H,,NIS 
requires [ = 38°37 per cent.). 

2-p-Dimethylaminostyryl - 4 - phenyl - 5 - methylthiazole methiodide, 
C,,H,,N,IS, was prepared from 4-phenyl-2 : 5-dimethylthiazole 
methiodide and -dimethylaminobenzaldehyde by the method 
described above. On recrystallisation from methyl alcohol, in 
which it is much more soluble than the other related compounds, it 
was obtained as opaque prisms with intense green reflex, m. p. 219° 
(decomp.) (Found: I= 27:51; S= 6-90. C,,H,,NIS requires 
I = 27°49; S = 6-93 per cent.). 

The colour in solution is purple. The dyestuff is a powerful 
photosensitiser for green, and the extra sensitiveness conferred on 
the gelatino-bromide plate extends to 46250, the sensitisation band 
being uniformly intense to (5800, for moderate exposures. 

4 : 5-Diphenyl-2-methylthiazole Methiodide, C,,H,,NS,CH,I.—4 : 5. 
Diphenyl-2-methylthiazole was prepared from thioacetamide and 
bromodeoxybenzoin (Limpricht and Schwanert, Annalen, 1870, 
155, 68) as described by Hubacher (ibid., 1890, 259, 244). The 
methiodide, prepared by heating the base with methyl iodide in a 
sealed tube for forty-eight hours at 100°, crystallises from alcohol, 
in which it is very soluble, in colourless needles, m. p. 197° (Found : 
I = 32°16. C,,H,,NIS requires I = 32°31 per cent.). 

2 - p - Dimethylaminostyryl - 4 : 5 -diphenylthiazole methiodide (3 
grams), obtained from the above methiodide (4 grams) in the 
manner previously described, after boiling the solution for twenty 
minutes, crystallises from methyl alcohol in purple needles, m. p. 
234° (decomp.) (Found: I = 2427; S=621. C,,H,,;N,IS 
requires I = 24:24; S = 6:11 per cent.). 

The colour in solution is purple. The dyestuff confers extra 
sensitiveness on the gelatino-bromide plate extending to 26250, 
with a maximum at 5600, although the sensitisation band is 
considerably less intense than that of the previously described 
compound. ; 

2-p-Dimethylaminostyrylbenzothiazole methiodide was prepared 
from 2-methylbenzothiazole methiodide and p-dimethylamino- 
benzaldehyde according to the method described above. On 
recrystallisation from methyl! alcohol, the dyestuff was obtained as 
steel-blue needles, m. p. 250° (decomp.) (Found: I = 30-00. 
C,,H,,N,IS requires I = 30°10 per cent.). 

The colour in solution is purple, The dyestuff confers extra 
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gensitiveness on the gelatino-bromide plate extending to 6700, 
with a maximum at A5700. 
- Kénig and Treichel (loc. cit.) have prepared the methoperchlorate 
corresponding with the above methiodide, but give no details of . 
its photosensitising action. 

4.8-Naphthyl-2-methylthiazole, C,,H,,NS.—An equimolecular mix- 
ture of bromo-8-naphthy] methyl ketone (Miller and Pechmann, Ber., 
1889, 22, 2561; Pampel and Schmidt, Ber., 1886, 19, 2898) and 
thioacetamide was moistened with alcohol and heated on the water- 
bath for half an hour: the resulting semi-crystalline product was 
extracted with 20 per cent. hydrochloric acid, and the base was 
st free from the filtrate by alkali as an oil, which was extracted 
with ether, and dried over caustic potash. The oil remaining 
after evaporation of the ether was distilled in a vacuum, when 
4.8-naphthyl-2-methylihiazole passed over at 208°/15 mm. as a 
colourless, viscous oil, which may be distilled unchanged at 
363°/747 mm. (Found: S = 14°35. C,,H,,NS requires S = 14:22 
per cent.). 

It is easily soluble in alcohol or ether, but insoluble in water. 

The hydrochloride forms colourless needles which are decomposed 
by water; the picrate, yellow needles, m. p. 179°, and the chloro- 
platinate, yellow prisms from hot water (Found: Pt = 22°56. 
C,gH,Cl=N,S,Pt requires Pt = 22°67 per cent.). 

4.8-Naphthyl-2-methylthiazole methiodide was obtained quanti- 
tatively by heating the base with methyl! iodide in a sealed tube 
for thirty hours at 100°. It forms almost colourless needles from 
alcohol, m. p. 222° (decomp.) (Found: I = 34°50. C,;H,,NIS 
requires I = 34°60 per cent.). 

It is almost insoluble in cold alcohol or water, but fairly soluble 
in hot alcohol. 

2-p-Dimethylaminostyryl-4-8-naphthylthiazole methiodide was pre- 
pared from the above methiodide in the manner described for the 
other similar compounds. On recrystallisation from methyl] alcohol, 
the dyestuff was obtained as red crystals with green reflex, m. p. 
232° (decomp.) (Found: I= 25:25; S=6-42. C,,H,,N,IS 
requires [ = 25°50; S = 6°43 per cent.). The colour in solution 
is orange. The dyestuff confers an extra sensitiveness on the 
gelatino-bromide plate which extends to 46300, with a maximum 
at 45800. 

2-Methyl-«-naphthathiazole Methiodide, C,.H,NS,CH,I.—This 
methiodide was obtained, in a 60 per cent. yield, by heating 2- 
methyl-«-naphthathiazole (Jacobson, Ber., 1887, 20, 1898) with 
methyl iodide in a sealed tube for fifteen hours at 100°. On recrys- 


tallisation from alcohol, the methiodide was obtained as strawe 
4u* 
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coloured prisms, m. p. 234° (decomp.) (Found: I= 37-0), 
C,3;H,,NIS requires I = 37-24 per cent). 

The methiodide is almost insoluble in cold alcohol or water; one 
part dissolves in about 60 parts of boiling alcohol. 

2-p-Dimethylaminostyryl-«-naphthathiazole methiodide was pre. 
pared by the general method described above. On recrystallisation 
from methyl alcohol, it was obtained in prisms with green reflex, 
m. p. 232° (decomp.) (Found: I = 26°72. C,.H,,N,IS requires 
I = 26°91 per cent.). 

The colour in solution is magenta: The dyestuff confers an 
extra sensitiveness on the gelatino-bromide plate which extends to 
46800, with a maximum at A5900. 

2-Methyl-B-naphthathiazole Methiodide, C,,H,NS,CH,I.—This 
methiodide was obtained, almost quantitatively, by heating 
2-methyl-$-naphthathiazole (Jacobson, Ber., 1887, 20, 1897) with 
methyl iodide in a sealed tube for fifteen hours at 100°. On 
recrystallisation from alcohol, the salt was obtained as straw. 
coloured needles, m. p. 245° (decomp.) (Found: I = 36°92, 
C,,;H,,NIS requires I = 37°24 per cent.). 

The methiodide is almost insoluble in cold alcohol or water, but 
is fairly soluble in hot alcohol. 

2-p-Dimethylaminostyryl-8-naphthathiazole methiodide was pre- 
pared by the general method described above. By recrystallisation 
from methyl alcohol, it was obtained as lustrous blue needles, 
m. p. 256° (decomp.) (Found: I = 26°72; S = 6°78. C,.H,,N,I8 
requires I = 26°91; S = 6°78 per cent.). 

The colour in solution is purple. The dyestuff confers an extra 
sensitiveness on the gelatino-bromide plate which extends to 
46700 with a maximum at 6100. 

2- p-Dimethylaminostyryl - 3 - methylbenziminazole Methiodide.—A 
solution of 2 : 3-dimethylbenziminazole methiodide (Fischer, Ber., 
1892, 25, 2838) (2°3 grams) and p-dimethylaminobenzaldehyde 
(1:2 grams) in alcohol (20 c.c.) was boiled with piperidine (0°8 c.c.), 
and light yellow crystals (1 gram) separated after three hours. 
Recrystallised from methyl alcohol, the dyestuff was obtained as 
lustrous yellow needles, which did not melt at 310° (Found: C = 
54:55; H= 525; I= 30°38. C,)H,.N,I requires C = 54°41; 
H = 5:25; I = 30°31 per cent.). 

The colour in solution is lemon-yellow. The dyestuff confers an 
extra sensitiveness on the gelatino-bromide plate which extends to 
5800, with a maximum at A5200. 

2-p-Dimethylaminostyryl-3 : 3-dimethylindolenine Methiodide.—On 
heating a solution of 2:3: 3-trimethylindolenine methiodide 
(2°6 grams) (Fischer, Annalen, 1887, 242, 353) and p-dimethyl- 
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aminobenzaldehyde (1°3 grams) in alcohol (30 c.c.) with piperidine 
(03 c.c.), an intense purple colour developed rapidly. After 
boiling for eight hours, the solution was poured into 5 per cent. 
potassium iodide solution (300 ¢.c.), when an iridescent tar was 
precipitated, whieh soon crystallised. This, having been collected, 
washed with benzene, water, and ether, and recrystallised from 
methyl alcohol, gave the dyestuff (1 gram) as steel-blue needles, 
m. p. 238° (decomp.) (Found: I = 291. C,,H,;N,I requires 
[= 29°4 per cent.). 

The colour in solution is purple, and is easily discharged by 
acids, but is restored a few minutes after the addition of alkali. 
The dyestuff depresses the normal speed of the gelatino-bromide 
plate, but confers an extra sensitiveness which extends to the 
D line. 

The p-Dimethylamino-anil of 2-Aldehydo-4-methylihiazole Meth- 
iodide—When piperidine (0°1 c.c.) was added in the cold to a 
mixture of 2:4-dimethylthiazole methiodide (45 grams) and 
nitrosodimethylaniline (2°7 grams) dissolved in alcohol (80 c.c.), 
a red colour developed in a short time. After boiling for four 
minutes, green crystals (2°8 grams) had separated from the hot 
solution : after boiling for a further two hours, a further amount 
(2 grams) was obtained. On recrystallisation from methyl] alcohol, 
the dyestuff was obtained in opaque needles with dark green 
reflex, m. p. 234° (decomp.) (Found: C= 43°24; H = 4°80; 
I= 32°73; S= 8-05. C,,H,,N,IS requires C = 43°41; H = 4°65; 
I= 32°82; S = 8:27 per cent.). 

The colour in dilute solution is a deep ruby red. The dyestuff 
decreases considerably the normal sensitiveness of the gelatino- 
bromide plate. 

The p-Dimethylamino-anil of 2-Aldehydo-4-phenyl-5-methylthiazole 
Methiodide—This compound was prepared from 4-pheny]l-2: 5- 
dimethylthiazole methiodide in the manner described above. On 
recrystallisation from methyl alcohol, in which it is much more 
soluble than the other similar compounds, the dyestuff was obtained 
as golden-green needles, m. p. 209° (decomp.) (Found: C = 52°10; 
H= 4:92; I= 27:34; S= 6:96. C,H, .N;IS requires C = 51°83; 
H= 4°75; I= 27:43; S = 6°91 per cent.). 

The colour in solution is deep purple. This dyestuff also 
decreases very considerably the normal sensitiveness of the gelatino- 
bromide plate. 

The p-Dimethylamino-anil of 2-Aldehydo-4 : 5-diphenylthiazole 
Methiodide—This compound was prepared from 4: 5-diphenyl-2- 
methylthiazole methiodide in the manner previously described. 


On recrystallisation from methyl alcohol, the dyestuff was obtained 
4 u*2 
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as lustrous, brassy crystals, m. p. 215° (decomp.) (Found: I = 
23°98; S= 5-95. C,;H.,N;IS requires I = 24:19; S = 6:10 per 
cent.). 

The colour in solution is deep purple. The dyestuff also 
decreases considerably the normal sensitiveness of the gelatino. 
bromide plate, although not to the same extent as the other similar 
compounds. 
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CCLVIII.—The Relationship of the Tautomeric Hydro- 
gen Theory to the Theory of Induced Alternate 
Polarities. 


By Frep A.isop and JAMES KENNER. 


SomE time ago (Burton and Kenner, T., 1922, 121, 489), exception 
was taken to the suggestion made by Macbeth and Pratt (T., 1921, 
119, 1356) that “a certain parallel may be drawn between the 
behaviour of the polynitro-aliphatic compounds and of polynitro- 
aromatic substances, especially those in which the ortho-para 
influence of the nitro-group exists.” Subsequently, this view was 
considerably modified by the admission that “too much stress 
must not be laid on this parallel, as aromatic and aliphatic sub- 
stances are compounds of very different types” (Henderson and 
Macbeth, T., 1922, 121, 892). At the same time, an explanation 
of the reactivity of polynitro-aliphatic compounds was advanced, 
based on the theory of alternate polarity (Macbeth, ibid., p. 1116), 
and later the view put forward by Burton and Kenner, that the 
reactivity in question constituted a further illustration of the 
tendency of such compounds to acquire a tautomeric hydrogen 
atom (Thole and Thorpe, T., 1911, 99, 2183),* was adversely 
criticised. In making their suggestion, however, Burton and 
Kenner expressly pointed out that “it leaves open the questions as 
to how and why such a change occurs,” because it was hoped to 


* At the time of writing the previous paper it had escaped my notice that 
Norris and Thorpe (T., 1921, 119, 1203) had also previously applied this 
consideration to the elimination of halogen from certain compounds.—J.K. 
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deal with the matter in more detail in connexion with a discussion 
of the general phenomena of tautomerism and related phenomena. 
The latter is supplied in an abbreviated form as an appendix to 
this paper. Meanwhile, further experimental evidence in favour 
af the tautomeric hydrogen theory has been furnished by Gupta 
and Thorpe (T., 1922, 121, 1896), whilst Robinson (Ann. Reports, 
1922, 19, 102) regards both views as correct. 

We would, however, suggest that the tautomeric hydrogen 
theory is, if anything, more comprehensive than the theory of 
induced alternate polarity in its application to the reactions in 
question. Thus, in our view, the object of the latter, when applied 
toa reaction in which the portions X and Y of the compound XY 
become associated with different atoms of another compound, is 
toexplain why these are in the 1 : 2, 1 : 4, or, in general, the 1 : 2n 
position with respect to each other. This will be evident from 
the considerations adduced by Kermack and Robinson under the 
heading “ Primary Conjugation” (T., 1922, 121, 432), and by 
lapworth (ibid., p. 416). The theory thus indicates possible 
preliminary stages of the interaction, but is not concerned with 
the conditions governing the extent to which these are surpassed 
in practice. Thus, the action of potassium methoxide on o-dinitro- 
benzene would, according to the theory, result in the formation of 
the coloured complex (I), in which the sign ------ may, and in 
most cases does, correspond to very slight union. If, therefore, 
the mixture be not heated, but worked up in the usual manner, 


AR, - 00 
eal A fn. , 
+ .. (NO,),C ‘OEt _»y NO.).C NO, 
/\ 0 -“(K)+  NIQeK ett ORE 
\A \N'O XN. N:OK ~ 
0 O O 
(I.) (II.) 


the original reagents will be recovered. The redistribution of 
valency resulting in the displacement of the nitro-group is, in 
general, brought about only by the supply of heat energy to the 
system and by utilising the effects of mass action. According to 
this view, therefore, the statement that the nitro-group is displaced 
because it is “‘ negative ’’ would be incomplete in that it would 


omit any reference to the later stages of the reaction. Similarly, 
in the case of the reaction between potassium methoxide and 
tetranitromethane, the theory predicts the formation of the com- 
plex (II), but not the further spontaneous decomposition experi- 
mentally observed. This is due to the liberation of energy resulting 
from the transition from the original unconjugated condition of 
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the double bonds in the complex to a conjugated condition in the 
aci-nitro-form, and to the formation of the potassium salt of this 
strong acid, and is only partly offset by the energy required for 
the disruption of the two reacting molecules. These are the features 
which, we think, are referred to when the reaction is ascribed to 
a tendency to acquire a tautomeric hydrogen atom. Thus we 
regard the tendency to conjugation as one of the determining 
factors of the tautomerism of 8-diketones and the corresponding 
polynitro-derivatives of methane, whilst salt-formation is perhaps 
the most important indication of tautomerism in compounds like 
ethyl malonate, of which the free enol is very unstable. 
Further, it is not permissible to employ the theory of induced 
alternate polarities, as is done by Macbeth, without discrimination 
as to the nature of the compounds involved.* On this basis, for 
example, it might be expected that each of the iodine atoms in 
tetraiodomethane (III) would be “ negative.” Nevertheless, one 
of them exhibits all the recognised “ positive ’ properties. JTodoform 
is obtained from tetraiodomethane by means of alcoholic potassium 
hydroxide, sodium ethoxide, or potassium cyanide (Nef, Annalen, 
1899, 308, 329), water (Gustavson, Annalen, 1874, 172, 173), 
hydrogen chloride, or hydrogen iodide (Moissan, Compt. rend., 1891, 
113, 22). Correspondingly, iodoform contains a “ positive” 
hydrogen atom, and is brominated by treatment with sodium 
hypobromite. Similarly, bromoform may be iodinated (Dehn, 
J. Amer. Chem. Soc., 1909, 34, 1227), or brominated, and tetra- 
bromomethane shows similar reactions to tetraiodomethane (Nef, 
loc. cit.). The most obvious explanation of these reactions is on 
steric grounds. Thus, owing to their large volumes, the positive 
nucleus of the fourth iodine atom in tetraiodomethane might well 
be prevented by those of the other three from attaining as close 
a proximity as it normally would do to the pair of electrons it 
shares with the carbon atom. It would thus be unusually 
“ exposed,’ to adopt the phraseology of Conant (J. Amer. Chem. 
Soc., 1921, 43, 705), and there would be a considerable tendency 
for it to unite with the negative portion of another molecule, 
especially if the positive portion of this, for example, hydrogen, 
were such that, owing to its smaller volume, it could take up 4 
more approximately normal position in relation to the above- 
mentioned pair of electrons. It is in accordance with this that 
halogen may displace halogen in these compounds according to 


* This discussion was included in a paper on “ The Theories of Polarity in 
Organic Compounds ” submitted to the Society in November last, prior to 
the appearance of general remarks by Robinson to a similar effect (Ann. 
Reports, 1922, p. 103). 
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the rule that chlorine displaces bromine, and bromine displaces 
jodine. 

Again, both the hydrogen atoms of acetylene are pronouncedly 
“positive,” and replaceable by metals. Similarly, di-iodoacetylene 
js formed by the action of iodine monochloride on calcium carbide 
or copper acetylide, and is converted by acid solutions of potassium 
iodide into acetylene (Howell and Noyes, J. Amer. Chem. Soc., 
1920, 42, 991). Thus, in place of the one positive atom in these 
compounds (IV) which a rigid literal application of the theory of 
alternate polarities would predict there are two. An explanation 


~ a -+-+ + +++ 
ae OV.) ¥.G:0-X (V.) X-CI0-X 


has been given by Stark (“ Atomdynamik,” IIT, p. 95), who points 
out that the position of the six electrons shared by the two carbon 
atoms in acetylene is such as to involve considerable dispersion 
of the lines of force between them and the positive carbon residues. 
A number of these therefore take a shorter course to the electrons 
shared with the hydrogen or iodine atoms, drawing these closer 
to the positive carbon nuclei, and away from the positive hydrogen 
nuclei. It may be pointed out that, even under these conditions, 
the positive carbon nuclei are still exposed, and therefore will show 
“positive ’ reactions, and combine with “negative’’ hydroxyl 
(compare also Kermack and Robinson, loc. cit., p. 430). The 
potential reactivity of the acetylenes may therefore be represented 
by formula V, which may be considered a not inadequate expression 
of their well-known instability. 

The structural resemblance between tetraiodomethane and tetra- 
nitromethane renders it not unreasonable to assume that the 
positive character of one of the nitro-groups in the latter is in part 
determined by the causes, whether steric or no, operative in the 
former. And, in fact, Chattaway and Harrison (T., 1916, 109, 
172) did attribute the reactivity of tetranitromethane to steric 
factors. The objection raised to this suggestion by Henderson 
and Macbeth (T., 1922, 121, 894), that it does not explain why 
the bromine atom of bromotrinitromethane is removed in preference 
to the nitro-group, is easily met, since it seems clear that any 
reaction will follow the course which enables it at the same time to 
relieve the steric congestion round the carbon atom, and to comply 
with the condition that the most complete ‘“ chemical neutralis- 
ation ” (Michael, J. pr. Chem., 1899, [ii], 60, 292) shall be attained. 
From their discussion of the case of dibromodinitromethane, 
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Henderson and Macbeth’s point of view would seem to be that 
the halogen atom suffers displacement from bromotrinitromethane 
because its induced positive polarity is at variance with its “ normal 
electro-negative nature,’ whereas this is not so in the case of the 
nitro-group. The partial recognition thus implied of the condition 
of maximum “ chemical neutralisation ”’ is insufficient, because it 
is necessary to consider all the products of a reaction, rather than 
a single one. If this be not done, erroneous conclusions may 
result. For example, a hydroxymethyl group rather than chlorine 
is eliminated from §-chloro-$-nitropropane-«y-diol (VI) under the 
influence of sodium ethoxide, although the contrast between an 
induced positive condition and the normal condition might be 
expected to be greater in the case of halogen than in the case of 
carbon (Wilkendorf and Trenel, Ber., 1923, 56, [B], 611) : 


(VI.) NO,*CCl(CH,-OH), + NaOEt = 
CCl(CH,:OH):NO,Na + EtOH + CH,0. 


It seems the more desirable to emphasise these points early in 
the history of the theory of induced alternate polarities, because 
other theories, like Baeyer’s strain theory and Thiele’s theory of 
partial valencies, have in the past been subjected to much criticism, 
which would have been seen to be ill-directed if the spirit rather 
than the literal form of the theories had been considered.* In our 


* A large proportion of the evidence which has been adduced against 
Thiele’s theory appears to the authors either inconclusive or beside the point. 
Thus, the addition of HX [for example, H-CN,H-NH,,H-CH(CO,R),] (Harries, 
Ber., 1897, 30, 230; Vorlinder, Ber., 1903, 36, 172, 2339) to a8-unsaturated 
ketones can be written 


A-CH:CH~CB:0 —> A-CH-CH:CB-OH —> A-CH-CH,-CB:0. 
| | , 
x x 


Again, the optical measurements of Auwers and Eisenlohr (Annalen, 1910, 
378, 267; 1918, 415, 135), the existence of triphenylmethyl, and the re- 
semblance of the change of, for example, safrole into isosafrole to that of 
By- into a8-unsaturated acids, all indicate that the phenyl group is best 
represented as Ph. Thus, cinnamaldehyde is Ph—CH:CHCH:0, and 
there is no free partial valency, in the degree and sense considered by Thiele, 
on the carbon atom next the phenyl group. Hence, in the addition of HX, 
the point to which X attaches itself is not determinable by Thiele’s theory, 
and the criticisms of Hinrichsen (Chem. Ztg., 1901, 316, 43) and of Straus 
(Ber., 1909, 42, 2866) and others are based on a misconception. The case 
of muconic acid (Chandrasena and Ingold, T., 1922, 121, 1306) is somewhat 
different. The formula (A) shows that free partial valencies only occur in 


(A.) 0:C(OH)~CH:CH—CH;CH—C(OH):0 


the 1: 6-position, so that 1: 4-addition is not to be expected. Reduction 
probably occurs by addition of hydrogen in the 1: 6-position, followed by 
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view, @ proper understanding of the various, and often apparently 
contradictory, facts of organic chemistry will only be gained by 
referring them to and grouping them round the central principle, 
that the attainment of stable equilibrium by any system demands 
that its entropy shall become a maximum. The various theories 
of organic chemistry, such as those just mentioned, really refer to 
different processes which conduce towards this end, on the assump- 
tion that only one factor, whether it be, for example, unsaturation, 
or “strain,” or steric influence, is operative. In practice, this 
ideal condition is never more than approximately realised, and 
the explanation of apparent deviations from these specialised 
theories is to be found by making due allowance for the other, 
possibly subsidiary, factors involved. This will be found to apply 
as much to the theory of polarity as to any other theory, and should 
be remembered when it is sought to criticise a theory embodying 
alarge mass of experimental evidence by adducing isolated apparent 
exceptions to it. 

Since the entropy of a system is dependent on its temperature 
and the concentrations of the components, variations of the experi- 
mental conditions will obviously affect its equilibrium condition. 
In recognition of this, the law of mass action has been deduced, 


rearrangement, Since bromine does not combine directly with oxygen, 
1; 6-addition is not possible when bromine and muconic acid interact. Hence, 
the intermediate carbon chain must be attacked, but as this has no free partial 
valencies, the reaction is outside the scope of Thiele’s theory. In fact, the 
interest of these and certain other reactions (compare Straus, loc. cit.) to us 
is that they correspond very closely with the process of substitution in 
benzene, which, as Thiele considered, has no free partial valencies. In this 
case, again, it would seem that Hollemann is mistaken in supposing that 
Thiele’s theory of addition can be enplied (“ Direkte Einfiihrung von Sub- 
stituenten in den Benzolkern,’” Amez'<rdam, 1910, p. 476). Hexatriene is 
very possibly to be regarded also as containing no free partial valency, so 
that the action of bromine on it (van Romburgh and van Dorssen, Proc. K. 
Akad. Wetensch. Amsterdam, 1906, 9, 111) cannot be referred to Thiele’s 


theory : 


oH CH \ CHBr-CHBr 

Y CH — CHL 

CH NN WA \ P ame 
CH, oe CH, CH, a ne See od CH, 


Possibly the result is due to the tendency to relieve the tertiary rather than 
the secondary carbon atoms in the pseudo-cyclic system represented. Other 
apparent deviations may be attributable to the experimental conditions 
employed for reasons explained later in the main text of this paper. For 
example, although the reduction of acraldehyde by zine and hydrochloric 
acid to allyl alcohol is not in accordance with the theory, propaldehyde, the 
“correct” reduction product, is formed at the same time, and almost exclusively 
if reduction is carried out by aluminium amalgam, or catalytically in presence 


of nickel. 
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but it is an important limitation of this generalisation that it deals 
only with the extent to which a reaction may proceed in a given 
direction, and takes no account of changes in entropy to be attained 
by modification of the nature of the products of reaction. Clearly, 
such modification may be expected from a variation in the other 
factors which determine the entropy of a system, and is, in fact, 
only too well known to organic chemists in the form of “side 
products.” Another probable limitation to the use of the theory 
of polarity as a formula is thus indicated, and has been observed 
among compounds of the type with which this paper is more 
specifically concerned. In the previous paper (Burton and Kenner, 
loc. cit.), reference was made to the fact that tetranitromethane is 
decomposed by dilute aqueous potassium hydroxide only partly 
in the manner above discussed, and also according to the equation 


C(NO,), + 6KOH = 4KNO, + K,CO, + 3H,0. 


This reaction is favoured by dilution of the alkali, but the pro. 
portion of nitro-compound decomposed in this manner does not 
in any case exceed 30 per cent. (Schmidt, Ber., 1919, 52, 400). 
The reaction evidently involves the replacement of nitro- by 
hydroxyl groups, since an analogous reaction is observed when a 
20 per cent. yield of ethyl diethoxymalonate is obtained by the 
gradual addition of ethyl dibromomalonate to a dilute alcoholic 
solution of sodium ethoxide at 48—50° (Curtiss, Amer. Chem. J., 
1897, 19, 691; compare Conrad and Briickner, Ber., 1891, 24, 
3004; Staudinger and Schneider, Helv. Chim. Acta, 1923, 6, 310). 


Br,C(CO,Et), —> (EtO),C(CO,Et),. 


Similarly, mesoxalic acid is readily prepared by treatment of 
dibromomalonic acid with aqueous sodium hydroxide (Conrad and 
Reinbach, Ber., 1902, 35, 1819). In these reactions, an atom or 
group which usually shows “ positive ” reactions is replaced by a 
“negative ” hydroxyl or alkoxy-group. This, however, will not 
be observed in either case if concentrated potassium or sodium 
ethoxide is added to a cold, strong alcoholic solution of the nitro- 
or bromo-derivative. Again, the former type of reaction is entirely 
suppressed in favour of the latter when ethyl dibromomalonate 
and sodium phenoxide interact in alcoholic solution (Conrad and 
Briickner, loc. cit.) : 


Br,C(CO,Et), —> (PhO),C(CO,Et)>. 


It is clear, therefore, that even in the same experiment, a given 
atom or group may react as if endowed with both positive and 
negative polarity, and that the theory of alternating polarities 
cannot be used as a rigid formula. 
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In connexion with the foregoing discussion, we have investigated 
the behaviour of hexanitroethane, with the object of ascertaining 
how far it is comparable with that of tetranitromethane. The 
hexanitro-compound was prepared by nitration of the potassium — 
salt of tetranitromethane by Will (Ber., 1914, 47, 961), who at the 
same time gave a general account, without experimental details, 
of some of its reactions, including the formation of molecular 
additive compounds with aromatic hydrocarbons corresponding to 
those obtained from tetranitromethane. More important from the 
present point of view is the statement that the potassium salt of 
tetranitroethane, possibly accompanied by some of that of dinitro- 
methane, is produced by the action of alcoholic potassium hydroxide : 


(NO,),C*C(NO,); —> NO,*C(:NO,K):C(:NO,K):NO.. 


As evidence in favour of this conclusion, it is stated that the 
potassium salt obtained is reconverted into hexanitroethane by 
nitration. When, however, we treated the hexanitro-compound 
with potassium ethoxide under the conditions used for the prepar- 
ation of potassium aci-trinitromethane from tetranitromethane 
(Hantzsch and Rinckenberger, Ber., 1899, 32, 628), the potassium 
salt produced, although formed in good yield, was of a much lighter 
yellow colour than the genuine potassium salt of tetranitroethane, 
furnished only a trace of hexanitroethane on nitration, and was 
converted by treatment with bromine water into an oil instead of 
the crystalline trinitrotribromoethane obtained from potassium 
aci-tetranitroethane (Scholl and Brenneisen, Ber., 1898, 31, 642). 
It would appear, however, that this salt is an intermediate product 
in the above reaction, because it was readily obtained, although in 
somewhat poor yield owing to its solubility, when an ethereal 
solution of the hexanitro-compound was allowed to react at the 
ordinary temperature with an aqueous alcoholic solution of 
potassium cyanide. The salt was identified by its colour, crystal- 
line form, temperature of explosion, and content of potassium. 
The result is of interest because, whilst it is clearly to be foreseen 
by the aid of the tautomeric hydrogen hypothesis, it is not so 
obvious from the point of view developed by Macbeth. Thus, 
the formulation of bromotrinitromethane (VII) may not unreason- 


--++ $e 
ON O,N (NO,) 
an ++ --¥4\- + 
(VIL) “9.N-C—Brt Oix-0-CCxo, (VIII) 
n --t+ ++ eam. Jers 
d Onn ON” NNO; 


ably be extended to hexanitroethane in the form (VIII), according 
to which, nitro-groups in one half of the molecule induce negative 
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polarity in one of those of the other half. The difficulty, however, 
disappears when the consideration is introduced that only atoms 
in the 1 : 2n position relatively to each other can be involved in 
‘the formation of the preliminary complex. When, therefore, 
sodium ethoxide reacts with hexanitroethane, the ethoxy] group 
must (if m = 2) attach itself either to a nitro-group in the same 
half of the molecule, or to the carbon atom in the other half of it. 


, NO, 
NO,).C—C—NO,. 
(Ne) Me . “OEt 

NO, -~Na 


Of these alternatives, the former actually occurs, but the latter 
is possibly exemplified by the decomposition which takes place 
when potassium aci-tetranitroethane is treated with dilute sulphuric 


acid (Scholl and Brenneisen, Joc. cit.) : e 
(NO,)C:NO,K _, ke a J (NO,),CH-OF 
(NO,)¢:NO,K (NO,)CH-NO,-~-H 


(NO,)CH:NO,H. 


Similarly, Weems (Amer. Chem. J., 1894, 16, 575) showed that 
ethyl ethanehexacarboxylate is converted into the potassium 
derivative of the tetracarboxylic ester by means of alcoholic 
potassium hydroxide : 


(CO,Et), _. €(CO,Et):C(OK)-OEt 
(CO, Et), &(CO,Et):C(OK)-OE¢ * 


In this instance, however, it is necessary to boil an alcoholic solution 
of the ester with 30 per cent. alcoholic potash for some hours. 
The difficulty with which reaction occurs is reproduced when the 
ester is recovered unchanged after treatment with alcoholic 
ammonia at 150° (Philippi, Hanusch, and von Wacek, Ber., 1921, 54, 
[B], 895), and is probably connected with the well-known indifference 
of dialkylated malonic esters towards ammonia (Fischer and 
Dilthey, Ber., 1902, 35, 844), and their difficult hydrolysis (compare, 
for example, Leuchs, Ber., 1912, 45, 194). The same inertia, as 
we have found, characterises ethyl dinitroethanetetracarboxylate, 
which Ulpiani and Gasparini prepared by electrolysis of the 
ammonium salt of ethyl nitromalonate in aqueous solution 


(Gazzetta, 1902, 32, 236) : 
2{C(NO,)(CO,Et),!) > tg 2 tg +20. 
2 2 2 


The slight reaction which occurs when this ester is treated with 
alcoholic potassium hydroxide probably consists in the replacement 
of one or more carboxyl groups, since the solution obtained is red. 
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The presence of “ positive” nitro-groups in hexanitroethane is 
further illustrated by the liberation of iodine which takes place when 
its alcoholic solution is added to aqueous potassium iodide, and by 
the rapid evolution of nitrogen which occurs when an ethereal 
slution of the nitro-compound is treated with hydrazine hydrate 
and potassium hydroxide. The volume of gas liberated, however, 
is about 50 per cent. in excess of that demanded by the equation 


G(NO,)-NO,K . 
(,(NO,), + 4KOH + N,H,= &no,): NO,K + 2KNO, + N, + 4H,0. 
Similarly, we have observed that an excessive amount of nitrogen 
is also evolved during the prolonged action of these reagents on 
tetranitromethane. 

A number of other reactions of tetranitromethane, which have 
been described by Schmidt (Ber., 1920, 53, 1529, 1537; 1921, 
54, [B], 1414; 1922, 55, [B], 1751), and explained by him on 
the basis of the formula (IX), would also seem to depend on 
the ‘‘ positive ”’ properties of one of the nitro-groups. Thus, the 
formation of ®-nitroanethole (XII) and of «-ethoxy-$-nitro-a-p- 
methoxyphenylpropane (XIII) from tetranitromethane and anethole 
in presence of pyridine and alcohol, respectively, may be ascribed 
to the formation of the intermediate product (X) or (XI): 


O, 
IX. 
C*)  (NO,),CZ aisaaie 


MeO-C,H,-CH — Ko, | C,H,N 


(X.) C(NO,)," ‘NO Sa > MeO: C,H,CH:CMe-NO, 
or (XII) 
MeO-C,H,-CH———— C HMe mo a MeO: C,H, ‘CH: CHMe 
(XI. y O »N-C(NO,),° ‘NO, OEtNO, (XIIL.) 


Similarly, the course of the nitration of p-cresol by means of tetra- 
nitromethane and pyridine at 0° is probably to be expressed as 
follows : 


M / ae Me OH 
—- e x. e: > 
Me SOH —> \—<-O,N-C(NO,, > —% 
Ms | a a “ NO, 
H NO, + C(NO,).:NO,H. 


This view, it may be noted, accords with the suggestion of Pfeiffer 
(Annalen, 1917, 412, 265) that the formation of molecular com- 
pounds between nitro- and benzenoid derivatives depends on the 
attachment of the nitro-group to the nucleus rather than to the 
substituent groups. We have now shown that the preparation of 
6-nitroanethole and of 3-nitro-p-cresol can also be carried out 
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with the aid of hexanitroethane, although the yields are not s 
good. 

Another reaction of tetranitromethane consists in the formation 
of, for example, N-methylphenylnitrosoamine, by interaction of 
the nitro-compound, dimethylaniline, and pyridine at 100°: 


C,H;"NMe, + C;H,N + C(NO,), —> 

~C,H;-NMe-NO + CH,O + C;H;N-CH(NO,),. 
‘The course of this reaction is connected by its discoverers with the 
formation of potassium carbonate and nitrite from tetranitromethane 
and potassium hydroxide above referred to. But whereas this 
reaction occurs to a subsidiary extent only, the yields of nitroso. 
amine from tertiary amines are in most cases excellent. This 
difference, and the simultaneous formation of nitroform in the 
reaction, seem to us to render the suggestion just mentioned at 
least doubtful. The reaction may rather take the following course: 


C.H;-NMe——CH, C(NO,).-NO,H 
C.H,-NMeCH, —> \y —> + CcHslMe-CH, 


i NO, 
O,N-C(NO,)o*-NO 
CsH,;;NMe-NO + CH,0 


It is also applicable to hexanitroethane, although the yield is very 
moderate owing to the instability of the nitro-compound at higher 
temperatures. 


Note on Tautomerism and Related Phenomena. 


Although the phenomena of tautomerism have been so exten- 
sively investigated, it may be said that our conception of their 
essential nature remains extremely vague, and that, as a result, 
very slight progress has as yet been made towards the formulation 
of the connexion between tautomerism and constitution. 

It is clear that the cause of the phenomenon must be sought in 
the conditions determining the attainment of equilibrium by the 
composite system represented by the chemical molecule. This 
was recognised by Michael, who stated that “die Fahigkeit einer 
Verbindung . . . in desmotropen Formen aufzutreten ist vom 
Unterschied der Entropiezunahmen abhiangig, die mit dem Gang 
der Umlagerung in der einen oder anderen Richtung verbunden 
sind. . . . Ist er relativ klein, so kinnen mehrere Formen auftreten, 
und unter Umstainden vermag sich ein Gleichgewicht der desmo- 
tropen Formen zu bilden, das selbst gegen sehr schwache chemische 
und physikalische Krafte empfindlich sein kann ” (Annalen, 1908, 
363, 27). This statement has, however, had little, if any, influence 
on the course of later work on the subject, doubtless owing to the 
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jificulty of estimating the entropy of any system. It seems, 
however, that some progress may be made by adopting the simple 
ew that tautomerism in the main represents a compromise 
btween two factors, each tending to impose on the molecule a 
wnstitution out of accord with the other, and that according as 
ther is accentuated or reinforced by other influences, the stability 
fone or the other form is favoured.* 

In the case of keto-enolic tautomerism, the conversion of the 
molic into the ketonic modification reproduces the instantaneous 
ansition of vinyl alcohol into acetaldehyde, but is restrained by 
the tendency of the unsaturated system to pass into the conjugated 
und more saturated condition : 

—C-CH,*C— este —c=CH=C— 
rine 

O O OH O 
Qbviously, therefore, the supply of energy to an equilibrium 
mixture of the two forms will cause an increase in the proportion 
of the less saturated ketonic form, as was shown by K. H. Meyer 
and Willson (Ber., 1914, 47, 832). The stability of this form will 
also be favoured if other modes of satisfying its unsaturation be 
supplied. Hence, possibly, it is that the ketonic form is more 
stable and, consequently (compare van’t Hoff, ‘‘ Vorlesungen,” 
I,217; Dimroth, Annalen, 1910, 377, 134), more soluble, in presence 
of associated solvents such as water and the alcohols than in 
non-associated solvents such as hexane (compare K. H. Meyer, 
Annalen, 1911, 380, 212). This is in accordance with the view 
that solubility is dependent on association with the solvent 

(compare, for example, Ephraim, Ber., 1921, 54, [B], 379). 

Again, the diminished tendency to enolisation consequent upon 
alkylation of ethyl acetoacetate may probably be attributed to a 
reduction in the degree of saturation to be achieved by conjugation, 
since the enolic form in this case would contain a quaternary carbon 
atom. On the other hand, acylation of a 1 : 3-diketone provides a 
further carbonyl group to exert an influence in favour of conjugation 


* Tautomerism is also to be expected, and has frequently been observed, 
when the displacement of a double bond in the constitutional formula of a 
compound leads to a formula representing an equally, or approximately 
equally, saturated molecular condition, due regard being paid to considerations 
of conjugation. Under this heading may be grouped not only all cases of 
virtual tautomerism (including, besides the well-known instances, the indenes, 
the benzotriazoles, the glyoxalines, the anils of isatin, and the isocyanines), 
but also those of the normal and labile forms of the glutaconic acids, and the 
triazoles. Very probably also, a number of reactions of the pyrroles, and the 
identity of the 3- and 5-alkyl derivatives of pyrazole are to be attributed to 
the comparable degrees of saturation represented by the ordinary imino- 
and the less usual methylene formulz for these compounds. 
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by enolisation, and the result is an increased tendency to assume 
this state : 

| 

C—O 

OH So=0 

The presence of a phenyl group in juxtaposition to one of the 
carbonyl groups also favours enolisation. This effect is attributable 
to the unsaturated character of the phenyl group as illustrated by 
the similarity between the rearrangement of propenylbenzene into 


methylstyrene and of By- into «f-unsaturated acids, each under 
the influence of alkali : 


Ph>CH,°CH:CH, — Ph—CH-CH-CH; ; 
X-CH:CH-CH,'CO,H —> X-CH,,CH:CHCO,H. 


The stability of the aci-form of phenylnitromethane is perhaps the 
simplest illustration of the influence of this type of conjugation on 
tautomeric equilibrium : 


ee 
ia 6S 
) O 


, OH 
= W, — —nieN 
Ph—CH,:N ie ; ° 
=CH, 4 ie Ph=CH MM 
From this point of view, the transition from the ketonic to the 
enolic form of benzoylacetone represents a reduction in the number 
of partial valencies from three to one, 


Ph=C-CH,CMe + Ph=(:CH=CMe, 
O-— Om OH O- 


as compared with a reduction in the case of acetylacetone from 
four to two, and corresponding with the greater tendency of the 
former to enolisation (K. H. Meyer, Ber., 1912, 45, 2843). 
Tribenzoylmethane is, however, stable in the ketonic form 
(Claisen, Annalen, 1896, 291, 25), and thus constitutes an apparent 
exception to these suggestions. But if the enolic formula (XIV) 
be considered, it will be seen to contain the grouping (XV). Now, 
it is known that in (XVI) the hydrogen atoms are replaceable by 
metals, and therefore are pronouncedly “ positive “ in character. 


As V. Meyer showed (Ber., 1888, 21, 1308), the same applies to 
phenylacetonitrile (XVII). Hence it is obviously improbable 
that the grouping (XV), with an oxygen atom in the “ positive ” 
position, will be spontaneously generated. Dibenzoylmethane can 
enolise in the form (XVIII), which does not contain (XV), but in 
this case one of the benzoyl groups acts only as a substituent, and 
so reduces the tendency to enolisation, which only becomes con- 
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siderable in benzoyldiacetylmethane (XIX) and triacetylmethane 
(XX). 


0 N 
Ph>= CK NZ] KZ C Ph 
H SC=Ph C CH, \Z 
O CH, 
(XIV.) (XV.) (XVI) (XVIL.) 
Me Me Me Me Me 
Ph ¢:0 O:c ClO O:c =C:0 
(| KZ \Z 
C/U.0H C U 
O ( C-OH C-OH 
h ( 
h Me 
(X VIII.) (XIX.) (XX.) 


In this discussion, it has so far been unnecessary to refer to the 
acidity of the enolic forms, because it is only slight, although it is 
recognised that the alkyl derivatives of ethyl acetoacetate are 
weaker acids than the ester itself (Goldschmidt and Oslan, Ber., 
1900, 33, 1152; Hantzsch, ibid., 1910, 43, 3071), and some con- 
nexion between acidity and enolisation has been repeatedly affirmed 
(Claisen, Annalen, 1896, 291, 37; K. H. Meyer, Ber., 1912, 45, 
2843). When the enolic form is a strong acid, its dissociation in 
solution will evidently have a notable effect on the equilibrium, and 
itis probably for this reason that whereas, as already mentioned, 
the proportion of a 1: 3-diketone existing in the enolic form in 
solution is increased when dissociating are replaced by non-dis- 
sociating solvents, the reverse is the case with phenylnitromethane. 
For this reason, K. H. Meyer’s determinations of the total amount, 
dissociated and undissociated, of enolic or aci-forms of compounds, 
which are strongly acidic, cannot be regarded as true measures of 
the actual tendency towards formation of the hydroxy-form. 
This is very possibly determined solely by the considerations 
already advanced. For example, Meyer and Wertheimer’s con- 
clusion that w-nitroacetophenone passes mainly into the enolic 
rather than into the aci-form agrees with the fact that the former 
constitutes a satisfactorily conjugated system (X XI), whereas the 
latter (XXII) contains the grouping the formation of which has 
already been indicated to be less probable. 


Oo 
Ph=C—CH=NC (XXIL) 
OH 


Oo 
(XXL) Ph=C=CH=NC 
H 


So 
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An alternative statement of the view of tautomerism indicated 
above is that the desmotropic forms represent the various possible 
ways in which the molecular system can settle down into equili. 
brium. This includes Knorr’s view that tautomerism is a special 
case of structural isomerism (Annalen, 1898, 303, 133; 1899, 
306, 350), which has recently been illustrated in an interesting 
manner by the work of Thorpe and his collaborators on intra. 
annular and ring-chain tautomerism (T., 1922, 121, 128, 650, 
1430, 1765). It also indicates that the phenomena of tautomerism 
are to be classed with any others which are the outcome of alter. 
native conditions of molecular equilibrium. These include those 
isomeric changes for the accomplishment of which the intervention 
of a reagent is unnecessary, and polymorphism. 

Thus, Meerwein and van Emster have pointed out that camphene 
hydrochloride and isobornyl chloride, in their reversible inter. 
convertibility, behave as tautomeric compounds (Ber., 1920, 53, 
[.B], 1825) : 

CH,--CH—CMe, 


CH,—CH—CMe, l 
| | | —> CH. 

C8; C8 OS > Vig 
DAG , CH,—|——-CMe 
CH af 

CHC! 


It seems possible to resist his suggestion only on the ground that 
the nature of tautomeric change may differ from that of ordinary 
isomeric change. It would seem, however, to be equally true of 
both that “ eine derartige unvermittelte innermolekulare Umlager- 
ung setzt sich aus zwei Abschnitten zusammen, einer Verschiebung 
aus der Gleichgewichts—anordnung des ersten Isomeren unter 
Energieverbrauch und einem Fallen in die Gleichgewichtsanordnung 
des zweiten Isomeren unter Energieentbindung. Beide Vorginge 
verlaufen nicht sprunghaft, sondern vielmelir stetig; sie beginnen 
mit der Verlingerung und Ausbauchung der Kraftlinien der teilneh- 
menden Valenzelektronen und setzen sich in Reissen und Nev- 
binden von Kraftlinie um Kraftlinie fort ” (Stark, “‘ Atomdynamik, 
IIT, p. 158). The value of this conception is well illustrated by 


CH,—CH—CH, CH,-CH—CH, CH,—CH—CH, 
CMe, > | bate bas caged bate, 
(u,—¢—-CH-0H CH aan CH,—-——CH 
Me CMe CCH, 
(XXIII) (XXIV.) (XXV.) 
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the case of the change from isoborneol (XXIII) to camphene 
(XXV). As pointed out by Ruzicka (Helv. Chim. Acta, 1923, 6, 
981), although it cannot be assumed that tricyclene (XXIV) itself 
js an intermediate product of the change (Meerwein and van 
Emster, loc. cit.), the assumption that it is so permits an accurate 
forecast of the products of the change in more complicated cases. 
The reason for this is probably to be found in the passage of both 
isoborneol and tricyclene, in the course of their conversion into 
camphene, through the same or approximately the same stage, not to 
be represented by ordinary formule, of the type referred to by Stark. 

The above comparison between tautomeric and isomeric change 
suggests that the essential property of the hydrogen atom which is 
involved in tautomerism is not its lightness, as was originally 
suggested by van Laar, and is probably still conveyed to many 
by the term “‘ mobility,” but its adaptability or capacity, in which 
it is pre-eminent with the carbon atom, for combination with a 
great variety of other elements. If this be so, any element might 
be tautomeric provided that in the desmotropes it is attached to 
elements with which it combines equally readily. Except in the 
cases of carbon and hydrogen, this condition practically resolves 
itself, as in the above case, into one of combination with the same 
element in the two forms, 

Polymorphism occurs when there are alternative conditions of 
equilibrium of the forces determining crystalline form. The 
modern recognition of the chemical nature of these forces therefore 
involves the conclusion that polymorphism differs from tauto- 
merism and the related types of isomerism only in being inter- 
rather than intra-molecular.* It seems not impossible that alter- 
native equilibrium conditions may also exist in solids due to a 
somewhat different intra- as well as to a different inter-molecular 
distribution of force, and that such conditions may be responsible 
for those cases of the existence of two forms of a solid compound, 
which have been so difficult to classify definitely as polymorphous 
or structurally isomeric. For example, it is usually considered to 
be a characteristic of polymorphs that they furnish identical solu- 
tions, and this property has been utilised by Sidgwick (T., 1915, 
107, 672) as the basis of a method of discriminating between poly- 
morphs and chemical isomerides. The method is also approved 
by Tutton (‘ Crystallography,” 1922, p. 1263), although he himself 
earlier (p. 1258) points out that in carrying out what is considered to 
be the most trustworthy test—that of interconvertibility of the solid 


* Derx (Rec. trav. chim., 1922, 41, 321) states that Smits in 1910 developed 
the view that polymorphism is a form of dynamic isomerism, butfgives no 
references to the literature. 
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forms in presence of the liquid—no trace of solvent must be present, 
since under these conditions desmotropes are readily interconverted, 
According to Schaum (Annalen, 1898, 300, 205; 1899, 308, 18), 
however, although the colourless and yellow forms of 3-nitr. 
acetanilide are identical in solution, they are not polymorphous, 
because they are not interconvertible in absence of a solvent. In 
other cases, the two forms may even preserve their identity, under 
certain conditions, in the liquid state. Thus Knoevenagel showed 
that the two forms of o-nitrotoluene may be preserved in the liquid 
condition for some months, and Schaum detected small but definite 
differences in refraction and viscosity between the two forms of 
benzophenone (Chem. Zig., 1910, 34, 417). In explanation, a 
condition of fusion, at a temperature not too far removed from 
the melting point, would seem quite conceivable in which the 
relative molecular orientation of the solid form is not entirely 
destroyed, so that on resolidification the original form will be 
recovered. The manner in which the phenomena of polymorphism 
and chemical isomerism may shade off into each other has also been 
emphasised by Pfeiffer (Ber., 1915, 48, 1777, 2426; compare 
Schaum, Cenir., 1914, I, 436), who showed that a considerable 
number of derivatives of 2- and 4-nitrostilbenes exist in forms 
which, in most cases, are polymorphs in that the members of 
each pair are interconvertible below their melting points. But 
in the case of 2-nitro-4’-methoxystilbene-4-carboxylic acid, a 
relationship exists which is represented by the scheme 


in presence of 
Orange pyridine salt moa ate Yellow pyridine salt 
pyridine 
Pyridine *Y HO] - in presence of HCl + Pyridine 


Yellow acid saaiiatar hontensan Orange acid 


In this case, therefore, the two forms of the acid exhibit the charac. 
teristics of isomeric compounds, and yet it can scarcely be assumed 
that the difference between them represents any variation other 
than in degree of that which obtains between the two forms of any 
of the other compounds of similar structure. 


EXPERIMENTAL. 


Preparation of Hexanitroethane—Bromopicrin was prepared by 
Will’s method (loc. cit.), but the procedure recommended by him 
for its conversion into potassium aci-tetranitroethane was modified 
in that larger quantities of potassium cyanide and potassium 
nitrite (70 grams of each per 100 grams of bromopicrin) were used. 
In this manner, the yield was increased to 22 per cent. by weight 
of the bromopicrin employed, but the product was liable to contain 


ed 
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tassium bromide. Unless this was removed by recrystallisation, 


‘f, red colour developed in the course of the subsequent preparation 


of hexanitroethane according to Will’s directions, and the yield 


"yas negligible. 


Action of Alkaline Reagents on Hexanitroethane, 


Potassium Cyanide.—A solution of the nitro-compound (1°5 grams) 
in ether (20 c.c.) was gradually added to a solution of potassium 
ganide (1‘5 grams) in water (12 c.c.) and alcohol (12 c.c.). After 
twelve hours, the crystalline deposit (0°3 gram) was collected, 
washed with alcohol and ether, and purified by crystallisation 
from dilute aqueous potassium hydroxide solution. The yellow, 
hexagonal prisms so obtained exploded at 271°, and the product 
was further identified as potassium aci-tetranitroethane by analysis 
(Found: K = 27:0. Calc., K = 27:3 per cent.), and by nitration 
to hexanitroethane. The yield obtained in the last operation was 
less than that usually obtained in the preparation of the hexanitro- 
derivative, but this was attributable to the small scale of the 
experiment. 

Potassium Ethoxide—A solution of the nitro-compound (1°5 
grams) in ether (40 c.c.) was gradually added, with cooling, to a 
solution of potassium (0°8 gram) in absolute alcohol (5 c.c.). A 
precipitate was formed at once, and collected after two hours. The 
product (2°1 grams) was light yellow (Found: K = 31°8 per cent.), 
and furnished only a trace of hexanitroethane on nitration. When 
brominated under the conditions prescribed by Scholl and Bren- 
neisen (Ber., 1898, 31, 642) for the conversion of potassium act- 
tetranitroethane into the crystalline tribromotrinitroethane, an oil 
with the characteristic suffocating odour of such halogenated nitro- 
derivatives was produced, but it could not be induced to crystallise 
when inoculated with the derivative just named. 


Action of Hydrazine on Hexanitroethane. 


This reaction could not be carried out precisely under the con- 
ditions described by Macbeth (loc. cit.) in other cases, owing to the 
sparing solubility of the hexanitro-compound in alcohol. It was 
therefore decomposed in a flask connected to a nitrometer, a solution 
of hydrazine, prepared according to the directions of Macbeth, being 
employed, and a little ether being added to facilitate dissolution 
of the nitro-compound. Decomposition readily occurred, and was 
accompanied by a perceptible rise in temperature. In two experi- 
ments, the volumes of nitrogen collected respectively corresponded 
to 1°55 and 1°58 mols. per mol. of nitro-compound. When ether 
was not used, a somewhat smaller volume was obtained, owing to 
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deposition of some solid matter on undissolved nitro-compound, 
Scholl and Brenneisen (Joc. cit.) showed that potassium aci-tetra. 
nitroethane underwent profound hydrolytic decomposition on 
acidification, and similarly we were unable, by the method employed 
by Macbeth, to separate the salt which gave rise to the red solution 
remaining from the present experiments. 


Nitration of Anethole. 


A solution of anethole (3 grams) and pyridine (2 grams) in dry 
ether (10 c.c.) was treated at 0° with a solution of hexanitroethane 
(3 grams) in dry ether (40 c.c.). After some hours, when the odour 
of hexanitroethane was no longer perceptible, the product was 
diluted with water (100 ¢.c.) and more ether, and gradually treated 
with potassium hydroxide solution (10 per cent.; 25 e.c.), and 
shaken until the red solid disappeared. The ethereal solution was 
worked up in the usual manner, and the residue cooled. The crude 
solid (1 gram), separated by filtration from oily matter, after 
crystallisation from light petroleum melted at 47—48° and did not 
depress the melting point of 8-nitroanethole. 

By acidifying the alkaline liquor from the above experiment, a 
small quantity of a solid, m. p. 92—93° after crystallisation from 
light petroleum, was obtained, but it was not further investigated. 
It is not produced in the course of the nitration of anethole by 
tetranitromethane. 

Nitration of p-Cresol. 


An ethereal solution of hexanitroethane (4°2 grams) was gradually 
added at 0° to a solution of p-cresol (3 grams) and pyridine (2'2 
grams) in alcohol (10 c.c.). A colour change occurred, and when 
the mixture was removed from the cooling medium, its temperature 
quickly rose to 26°. After half an hour, the nitro-compound 
formed was removed with steam, and isolated in the usual manner. 
The yield of m-nitro-p-cresol, identified by its m. p. 33—34° (which 
was not depressed by another specimen of the compound), was 
60 per cent. of the theoretical. The benzoyl derivative (Found : 
C=651; H=45. C,,H,,0,N requires C = 65°31; H = 4:28 
per cent.) was also prepared from each specimen, and obtained in 
prisms, m. p. 100—101°. 


Nitrosomethylaniline from Dimethylaniline. 


A warm solution of hexanitroethane (11°5 grams) in alcohol 
(175 c.c.) was added gradually to a boiling solution of dimethy]- 
aniline (8 grams) and pyridine (7°5 grams) in alcohol (10 c.c.) in a 
reflux apparatus. After a few minutes, the mixture was worked 
up in the manner indicated by Schmidt (Ber., 1920, 53, [B], 1537). 
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The nitrosomethylaniline produced responded to Liebermann’s 


. [nitroso-reaction, and its identity was further established by its 


cnversion into p-nitrosomethylaniline hydrochloride, from which 
the base, m. p. 117—118°, was obtained. 

The yield was only small owing to the partial decomposition of 
hexanitroethane in hot alcoholic solution, and 5 grams of dimethyl- 
aniline were recovered from the experiment. 


Ethyl Dinitroethanetetracarboxylate. 

This ester was prepared by electrolysis of a solution of ethyl 
ammonium ethylnitromalonate by Ulpiani and Gasparini’s method 
(loc. cit.), but the yield was poor. It crystallised from light petro- 
lum in ‘crystalline masses, m. p. 74—75° (Ulpiani and Gasparini 
sive 65—66°), and therefore it was thought that our product might 
be ethyl ethanetetracarboxylate, for which the melting point is 
7é—77°. Somewhat curiously, a mixture of the two esters shows 
no very decided depression of melting point, but the composition 
of the electrolytic product was established by analysis (Found : 
N=7'1. Calc. for C,,H290,.N., N = 6°86 per cent.). 

The ester was almost completely recovered after being boiled 
with alcoholic potassium hydroxide solution for two hours. Simi- 
larly, potassium cyanide solution had practically no action on the 
eter. In experiments with hydrazine hydrate and potassium 
hydroxide at 80°, less than 0°1 molecular proportion of nitrogen 
was evolved after one hour. 


One of us (F. A.) expresses grateful acknowledgment of a grant 
from the Department of Scientific and Industrial Research, which 
has enabled him to participate in this work. Further, we wish 
to thank the Research Fund Committee of the Chemical Society 
for a grant towards the expenses of this investigation. 
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CCLIX.—Researches on Antimony. Part I. Tri-m- 
xylylstibine and its Derivatives. 


By ARCHIBALD Epwin GopDARD. 


ALTHOUGH arsenic and antimony show so many points of resem- 
blance, our knowledge of the organo-metallic compounds of the 
latter is much the less extensive. The aim of the present research 
is to investigate comprehensively antimonials of the types 
R,Sb, R,SbX, R,SbX,, RSbX,, and RSbX,, the derived acids, the 
sulphonation, nitration, reduction, and halogenation products, and 
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The initial material, 4-bromo-m-xylene, was prepared by the 
bromination of commercial xylene at 0°, iron powder being used 
a3 a catalyst; from the mixture, 3-bromo-o-xylene, 4-bromo-m- 
xylene, and 2-bromo-p-xylene were separated by fractional dis- 
tilation. This method gives better yields than that in which 
bromination is carried out in carbon disulphide solution; moreover, 
the objectionable by-products which arise from partial bromination 
of the solvent are avoided (Stilp, Diss., Rostock, 1910). 

Tri-p-xylylstibine, recently described by the author (this vol., 
p. 1170), and the corresponding meta-compound (I) have been 
obtained in much better yields by the Fittig than by the Grignard 
raction, which was previously employed. The latter compound, 
like most stibines, gives rise to a dichloride, dibromide, and mercuri- 
chloride. 

Tri-m-xylylstibine dissolved readily in fuming nitric acid, yielding 
apparently a mixture of ¢tri-5-nitrotri-m-xylylstibine oxide (IV), 
lydroxy-nitrate, and dinitrate (V); the last, which formed the 
largest proportion of the product, was isolated in the pure state 
by fractional crystallisation from alcohol. When it was heated 
ina sealed tube for six hours with phosphorus pentabromide and 
chloroform, 4-bromo-6-nitro-m-xylene was obtained, the nitro- 
group thus being proved to be in the meta-position to the antimony 
and in the para-position to a methyl group (compare Morgan and 
Micklethwait, T., 1911, 99, 2286). Since the same three products 
were obtained when tri-m-xylylstibine was boiled with fuming 
nitric acid for thirty minutes, the hydrogen atom in the position 
ortho to both methyl groups is efficiently protected. 

Reduction of the dinitrate with hydrogen sulphide in ammoniacal 
alcoholic solution probably takes place in two _ stages: 
=Sb(NO,).—> =SbS—> =Sb. In addition to these compounds, 
the final liquors contained amino-derivatives which were diazotisable, 
pointing to partial reduction of the nitro-groups. The chief product 
was tri-5-nitrotri-m-xylylstibine (V), the intermediate formation of the 
sulphide being assumed from the fact that when hydrogen sulphide 
is passed into an ammoniacal alcoholic solution of triphenylstibine 
dichloride or dibromide, triphenylstibine sulphide first results and 
then the free stibine (Kaufmann, D.R.-P. 223694; 240316). 

The reduction of tri-5-nitrotri-m-xylylstibine dinitrate by zinc 
dust in ammoniacal alcoholic solution containing ammonium 
chloride led to the production of tri-5-aminotri-m-xylylstibine (III). 
This was converted into its tribenzoyl derivative by benzoyl chloride, 
whereas Gunther (Diss., Rostock, 1904; Annalen, 1902, 381, 184) 
found that triaminotriphenylstibine lost its antimony on treatment 
with this reagent. 

VOL. CXXITI. 41 
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Michaelis (Annalen, 1902, 321, 185) failed to isolate any deriv. 
atives of triaminotriphenylarsine by means of the diazo-reaction, 
The present author encountered some difficulty in working with 
tri-5-aminotri-m-xylylstibine, but nevertheless succeeded in isolat. 
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ing tri-5-iodotri-m-rylylstibine (VIII), although the diazo-reaction | 


in this case tended to give rise to viscous products. The base forms 
a sparingly soluble diazonium chloride which couples with alkaline 
8-naphthol, with resorcinol, and with H-acid to form azo-derivatives, 

Tri-5-nitrotri-m-xylylstibine dinitrate is hydrolysed to the 
oxide (IV) by a large excess of phosphorous acid, whereas tii- 
nitrotritolylarsine oxide is reduced to the free arsine (Michaelis, 
loc. cit., p. 212). The same oxide results when the dinitrate is 
treated with sodium hypophosphite. On dissolution in glacial 
acetic acid, it is converted into the diacetate, although in the case 
of the tritolylstibines only hydroxyacetates have been isolated 
(Michaelis and Genzken, Annalen, 1887, 242, 176). 

Bromination of the oxide results in the formation of a tribromo- 
derivative, a compound of considerable interest on account of the 
lability of the bromine atoms. It has been shown above that only 
one nitro-group can be introduced into each xylyl residue, the 
hydrogen atom in the second meta-position being unreactive, and 
it may be inferred that bromination cannot take place in this 
position. By treatment of the tribromo-derivative with zinc dust 
in alcoholic ammonia, the bromine atoms are eliminated and the 
nitro-groups reduced, tri-5-aminotri-m-xylylstibine, the orientation 
of which has already been determined, being produced. Further, 
it is known that in compounds containing a halogen atom in the 
ortho- or para-position to a nitro-group, one of the substituents 
is labile, reaction with hydrogen sulphide or sodium thiosulphate 
yielding a sulphide. In the present case, not only were the bromine 
atoms removed by boiling thiosulphate solution, but also the oxide 
was reduced to the known tri-5-nitrotri-m-xylylstibine. It is 
therefore to be inferred that the bromine substituents occupy 
position 6, ortho- both to the antimony and to the nitro-groups, 
and consequently the tribromo-derivative is tri-6-bromotri-5-nitro- 
tri-m-xylylstibine oxide (VI). 

When the free nitrostibine is brominated, it may be supposed 
that the tribromo-derivative produced is tri-6-bromotri-5-nitro- 
tri-m-xylylstibine dibromide (VII). 

The condensation product of the base (III) and picryl chloride 
in alcoholic solution in the presence of sodium acetate is the orange: 
coloured tripicryltri-5-aminotri-m-aylylstibine (IX). This product 
is readily brominated, yielding tri-6-bromotripicryltri-5-amino- 
tri-m-rylylstibine dibromide, a lemon-yellow powder (X). 
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Although bromination products of‘arylstibines are not described 
in the literature, it is highly probable from these experiments that 
bromine can be directly introduced into such substances. This 


point is being more fully investigated. 


ExPERIMENTAL. 


Preparation of 4-Bromo-m-xylene.—To commercial xylene (1156 
grams), cooled in a freezing mixture, about 1 gram of iron powder 
was added, and 800 grams of bromine were slowly run in during 
fivehours. ‘The mixture, after being kept for two days at room tem- 
perature, was treated with 1,500 c.c. of water, and the oil separated 
off and steam-distilled. The oil from the distillate was dried, 
and fractionated several times, about 200 grams of pure 4-bromo-m- 
xylene, b. p. 203°5°, being obtained. The quantity of the other 
isomerides produced varied with the sample of xylene used. 

Tri-m-xylylstibine (I).—(a) By the Grignard reaction. To the 
solution prepared from 48 grams of bromoxylene and 7 grams of 
magnesium in 75 c.c. of ether, 18 grams of antimony trichloride in 
25 c.c. of the same solvent were added and the mixture was boiled 
for six hours. After decomposition with water, the compound was 
extracted with benzene and worked up as below. Yield 7:2 grams 
(19 per cent.). 

(6) By the Fittig reaction. Bromoxylene (56 grams) and 23 
grams of antimony trichloride were dissolved in 150 c.c. of dry 
benzene, and 50 grams of metallic sodium (thrice the required 
amount) added in thin slices. After completion of the reaction, 
which usually had to be started by warming, the solution, having 
been kept over-night, was filtered, and the residue extracted three 
times with boiling benzene, these liquors being added to the main 
filtrate. The benzene was evaporated and the oily product poured 
into absolute alcohol, when long needles of the stibine separated 
ina few minutes. Yield 25 grams of crude product (57 per cent.) 
(Found : Sb = 27°56. C,,H,,Sb requires Sb = 27°61 per cent.). 

Tri-m-xylylstibine crystallises from alcohol in masses of felted 
needles. These melt at 148° to a clear liquid which becomes cloudy 
at about 255° and, when cooled, solidifies to a transparent mass. 
The stibine is soluble in cold chloroform, acetone, light petroleum, 
or pyridine, moderately soluble in alcohol, and is more soluble than 
the para-compound in glacial acetic acid. 

T'ri-m-xylylstibine Dichloride—A chloroform solution of the 
stibine was saturated in the cold with dry chlorine and allowed 
to evaporate spontaneously. Small, white, granular crystals 
separated, m. p. 189° (Found: Cl = 13°81. C,,H,,Cl,Sb requires 


Cl = 14-01 per cent.). 
412 
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Tri-m-xylylstibine Dibromide.—To 2 grams of the stibine in 5 c.c, 
of chloroform, bromine was added until the solution was justcoloured, 
On evaporation, a syrup was obtained which solidified on treatment 
with alcohol. The product was best crystallised from chloroform- 
alcohol, a crystalline powder being deposited, m. p. 195° (Found: 
Br = 27:16. C,,H,,Br,Sb requires Br = 26°85 per cent.). The 
compound is moderately soluble in light petroleum. 

Tri-m-xylylstibine Mercurichloride—The stibine (1:18 grams) 
in 50 c.c. of absolute alcohol was added in the cold to 0°67 gram of 
mercuric chloride in 100 c.c. of the same solvent. The product 
obtained by slow evaporation of the solution was recrystallised 
from ether, fine needles being isolated, m. p. 158° (Found : Cl = 9°80, 
C.,H,,Cl,HgSb requires Cl = 9°70 per cent.). 

Tri-5-nitrotri-m-rylylstibine Dinitrate (II)—Twenty-one grams 
of tri-m-xylylstibine were added slowly to 100 c.c. of nitric acid 
(d 1:16), complete solution taking place, and the mixture, after 
being warmed for twenty minutes on the water-bath, was poured 
into 3 litres of water. The white, flocculent precipitate that 
separated was collected after fifteen minutes and dried (38-2 grams). 
This crude product (Found: N = 8°71 per cent.) appeared to 
consist of the hydroxynitrate and the dinitrate. After six crystal- 
lisations from alcohol, the dinitrate, a white, crystalline powder, 
was obtained; it sintered at 150° and melted at 175° with frothing 
(Found: N=1006; Sb=17:33. C,,H,,0,.N,Sb requires 
N= 10°09; Sb = 17°31 per cent.). The dinitrate is soluble in 
warm chloroform or acetic acid, slightly soluble in alcohol, and 
soluble in light petroleum. 

Orientation Hxperiments——One gram of the above dinitrate, 
10 c.c. of chloroform, and 6 grams of phosphorus pentabromide 
were heated in a sealed tube at 130° for five hours. The chloroform 
was then removed by distillation in steam, very little other organic 
matter distilling over. The residue was crystallised several times 
from alcohol, when 4-bromo-6-nitro-m-xylene, m. p. 57°, was 
obtained, the yield being about 65 per cent. of the calculated amount 
(Found: Br = 34°93. Calc., Br = 34°78 per cent.). 

Tri-5-nitrotri-m-axylylstibine (V).—(a) Two grams of the dinitrate 
were dissolved in 200 c.c. of absolute alcohol, 20 c.c. of concentrated 
aqueous ammonia were added, and hydrogen sulphide was passed 
into the boiling solution for six hours. The precipitate formed 
on cooling was collected, and recrystallised from alcohol, small 
needles of the stibine being obtained, melting at 192-193° to a 
clear liquid. 

(6) Tri-6-bromotri-5-nitrotri-m-xylylstibine oxide (1°8 grams) 
in 40 c.c. of hot absolute alcohol was added to the boiling solution 
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of 1:4 grams of sodium thiosulphate in 25 c.c. of water, and the 
boiling continued for thirty minutes. A white solid containing 
neither sulphur nor halogen separated out, which melted at 192° 
after crystallisation from chloroform—petroleum solution (Found : 
N=747, 734, 743; Sb= 21°59. C,,H,,0,N,Sb requires 
N = 7°37; Sb = 21°57 per cent.). 

Tri-5-aminotri-m-xylylstibine (III)—Five grams of the mixture 
of nitration products obtained by the action of fuming nitric acid 
on tri-m-xylylstibine were added to a boiling solution of 400 c.c. of 
absolute alcohol containing 3°5 grams of ammonium chloride, 
20 c.c. of concentrated aqueous ammonia, and 22 grams of zine 
dust. The boiling was continued for eight hours, a further five 
grams of zinc dust being added at the end of each hour. The 
solution was filtered while hot into 3 litres of ice-cold water, a pink 
precipitate separating out. This solid, after filtration, was warmed 
with 200 c.c. of 10 per cent. hydrochloric acid, any insoluble matter 
filtered off, and the filtrate treated with concentrated aqueous 
ammonia, when 3°5 grams of crude amine were obtained (yield 97 
per cent.). This product was purified by several crystallisations 
from a mixture of chloroform and light petroleum, a brownish-pink 
powder resulting, which blackened at about 112° and melted rather 
indefinitely at 123-124° (Found: N=8:76; Sb = 25°05. 
Cy4yHggN,Sb requires N = 8°75; Sb = 25-02 per cent.). 

Tri-5-benzoylaminoiri-m-xylylstibine—A mixture of the amine 
(1:2 grams), dissolved in 16 c.c. of pyridine, and 1°6 grams of benzoyl 
chloride was warmed on the water-bath and poured into water. 
The viscous product was freed from benzoic acid by repeated boiling 
with water, but it could not be crystallised. It contained antimony 
and melted at 99° (Found: N = 5:24. C,;H,.O,N,Sb requires 
N = 5:19 per cent.). 

Tri-5-iodotri-m-xylylstibine (VIII)—One gram of the amine, 
dissolved in 7 c.c. of concentrated hydrochloric acid and 200 c.c. 
of water, was diazotised with 0°66 gram of sodium nitrite. The 
diazonium chloride separated as a yellow precipitate, to which 
15 grams of potassium iodide in 20 c.c. of water were added, the 
yellow colour changing to red, the precipitate resembling ferric 
hydroxide. After being warmed on the water-bath, and kept for 
three hours, the solid was filtered off (1-5 grams) and recrystallised 
five times from a mixture of chloroform and petroleum, a brownish- 
red, crystalline powder being obtained, which melted at 153° to a 
clear red liquid (Found: I= 46°80; Sb= 14°63. C,,H,,I,Sb 
requires I = 46°83; Sb = 14°78 per cent.). 

Tri-5-nitrotri-m-xylylstibine Oxide (IV).—Five grams of the 
corresponding dinitrate were boiled for five hours with 300 c.c. of 
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absolute alcohol containing 25 grams of phosphorous acid. The 
resulting solution was poured into 2 litres of water, a flocculent, 
cream-coloured precipitate separating (3°8 grams). After this 
had been dried, and precipitated from chloroform solution by light 
petroleum, a white, crystalline powder was obtained which sintered 
slightly at 210° and melted at 218° (Found: N = 6°91, 7:08; 
Sb = 20:26. C,,H,,0,N,Sb requires N=7:17; Sb = 20°50 per 
cent.). The oxide is soluble in alcohol, and forms an orange. 
coloured solution in chloroform. 

Tri-5-nitrotri-m-xylylstibine Diacetate—The above oxide was 
dissolved in glacial acetic acid, and after partial evaporation, ether 
was added, a white precipitate of the diacetate being deposited 
which softened at 160° and melted at about 198° (Found : N = 5:92; 
Sb = 17:29. C,,Hs-0,oN,Sb requires N = 6:11; Sb = 17°46 per 
cent.). 

Tri-6-bromotri-5-nitrotri-m-xylylstibine Oxide (VI).—Trinitrotri- 
m-xylylstibine oxide (1‘°0 gram) was dissolved in chloroform and 
a solution of bromine in light petroleum added. The precipitate 
was purified by treatment with these two solvents, the product 
being a white, crystalline substance, melting at 162° to a yellow 
liquid, which decomposed with gas evolution at 168° (Found: 
N=518; Br= 28°79. C,,H,,0,N,Br,Sb requires N = 5:07; 
Br = 28°92 per cent.). 

To the oxide (1°7 grams) in 150 c.c. of alcohol, 1:5 grams of 
ammonium chloride, 5 c.c. of concentrated aqueous ammonia, and 
11 grams of zinc dust were added and the mixture was boiled for 
seven hours. The product was worked up as in the case of tri- 
aminotri-m-xylylstibine, and 0°85 gram of this substance was 
obtained, m. p. 123-124°. 

Tri-6-bromotri-5-nitrotri-m-xylylstibine Dibromide (VII).— A 
chloroform solution of the corresponding stibine was treated with 
bromine until the colour of the latter persisted. The dibromide 
was precipitated by light petroleum and recrystallised from a 
mixture of the above two solvents, a white, crystalline powder 
being obtained (Found: Br = 41°49. C,,H,,O,N,Br,Sb requires 
Br = 41°32 per cent.). 

Tripicryliri-5-aminotri-m-xylylstibine (IX)—Two grams of the 
amine, dissolved in the smallest possible quantity of 10 per cent. 
hydrochloric acid, were added to 75 c.c. of alcohol containing 3 
grams of picryl chloride and 8 grams of sodium acetate. The 
mixture was warmed at 30° for fifteen minutes, an orange precipitate 
separating. This crude condensation product (3°9 grams) was 
boiled with 75 c.c. of water to remove sodium acetate, then dissolved 
in dry chloroform to remove sodium picrate, and the stibine was 
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precipitated from the filtered solution by the addition of light 
petroleum. The compound thus isolated was a bronze, crystalline 
powder which sintered at 178° and then gradually blackened, but 
did not melt at 290° (Found: N=1460; Sb = 10°98. 
CygHyg01gNy25b requires N = 15°10; Sb = 10°79 per cent.). The 
compound is soluble in alcoholic potash, giving a carmine solution, 
fom which the potassium salt separates in scarlet, octahedral 
crystals on slow evaporation. 

Tripicryltri-6-bromotri-5-aminotri-m-xylylstibine Dibromide (X). 
—The above stibine (0°5 gram) was dissolved in 3 c.c. of chloroform, 
and bromine in light petroleum added until the colour changed 
from orange to red. Addition of light petroleum precipitated a 
lemon-yellow, crystalline powder (0°5 gram) (Found: N = 11°19. 
CgH390,gN,.Br;Sb requires N = 11°13 per cent.). The compound, 
which contained both bromine and antimony, blackened at 183° 
and melted at 188°. It behaved towards alcoholic potash in the 
same way as the preceding compound. 


The author is indebted to the Research Fund Committee of the 
Chemical Society for a grant which has partly defrayed the expenses 
of this investigation. 


THe UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, May 23rd, 1923.] 


CCLX.—Some Properties of Electrolytic Manganese. 
By ALan Newton CAMPBELL. 


METALLIC manganese having been prepared electrolytically by the 
author in conjunction with Professor A. J. Allmand (results not yet 
published), it was thought advisable to determine the properties 
of the pure product. 

Density.—The following appear to be the best determinations of 
the density hitherto made : 

Brunner (Pogg. Ann., 1857, 101, 264; 1858, 103, 139), using 
metal containing a little silicon, obtained d 7-14—7°21. Bullock 
(Chem. News, 1889, 60, 20) found d 7-231, but after the metal had 
been melted under fluorspar or sodium chloride the value was 
7-:072—7-153. Glatzel (Ber., 1889, 22, 2857), using manganese 
prepared by reduction of manganous chloride with magnesium, 
found d 7-392. Prelinger (Monatsh., 1893, 14, 353), using man- 
ganese obtained by the distillation of the mercury from the amalgam 
produced when a manganese salt solution was electrolysed with a 
mercury cathode, found d 7-4212. 
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Two determinations of the density were made with nodules 
selected from a crystalline electro-deposit. An ordinary specific 
gravity bottle was used. The values obtained were 7-034 and 


7-080; the agreement is probably as good as can be expected, § 


considering the very small weight of manganese (2 to 3 grams, 
volume about 0-3 c.c.) available. It is, of course, possible that 
even nodules contain interstices, either vacuous or filled with 
hydrogen, so that this is a minimum value. 

Chemical Properties.—Almost all text-books state that manganese 
decomposes water. Accordingly, powdered manganese was kept 
over-night in cold water, in connexion with a nitrometer. No gas 
was evolved and the manganese remained dead black. A freshly 
cut manganese surface, however, exposed to moist air, soon tar- 
nishes. This is presumably a phenomenon analogous to rusting, 
atmospheric oxygen playing a necessary part. 

Manganese is very slowly attacked by boiling water, turning 
brown and bubbles of gas being evolved. This is probably due to 
reduced hydrogen overvoltage at the higher temperature. Another 
portion of the metal was heated, in a current of steam, at the 
temperature of the Bunsen flame, and the issuing gas collected 
over water. Tiny bubbles of gas were evolved. No increase in 
the weight of the manganese was detectable. The action of steam 
‘must be very slow. 

Manganese burnt brilliantly when heated in a current of oxygen, 
but owing to volatilisation it was impossible to weigh the residue, 

Manganese dissolves readily in dilute hydrochloric, sulphuric, or 
acetic acid. Action is no longer perceptible in N /200-sulphuric acid. 

When manganese was boiled with concentrated sulphuric acid, 
the quantity of sulphur dioxide evolved, estimated by standard 
iodine solution, was that required by the equation Mn +- 2H,SO, = 
MnSO, + 2H,0 + SO,. 

Portions of manganese were treated with nitric acid of various 
strengths, and the evolved gases analysed. The experimental 
procedure was as follows. The manganese was contained in a small 
tube placed upright in a small test-tube, almost full of the nitric 
acid. This test-tube was connected with a nitrometer, furnished 
with a three-way cock and a tube for the admission of absorbents. 
The nitrometer was filled with mercury. By tilting the test-tube, 
the manganese was brought in contact with the nitric acid. When 
all action had ceased and the apparatus cooled down, the volume 
of gas was measured, various absorbents were run in, and the 
contraction was observed. The absorbents used were, in order, 
absolute alcohol, for nitrous oxide; water, for nitrogen peroxide ; 
ferrous sulphate solution, for nitric oxide. The experiments were 
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quite rough and only a qualitative value is attached to the results. 


These were : 
% Composition of gas. 
% Nitric acid. NO,. NO. N,O. H,. 
100 100 — — — 
50 68 16 16 — 
25 1 39 20 40 
12-5 — 13 1 86 


No action. was perceptible when manganese was boiled with a 
strong solution of caustic potash or caustic soda. 

When manganese was heated in a stream of chlorine, it took fire 
at a red heat and glowed brilliantly. The residue, which was light 
brown and highly crystalline, was probably manganous chloride, 
but the analytical results were not trustworthy, owing to the com- 
bustion of the manganese not having been complete. 

Manganese remained apparently unchanged when it was treated 
with boiling bromine or heated with excess of sulphur. 

Heated at the temperature of the blowpipe flame in a stream 
of nitrogen for ten minutes, manganese gave a nitride which, when 
treated with cold water, evolved ammonia in quantity. 

Displacement of Less Electro-negative Metals —Martin and Dan- 
caster (Friend’s ‘‘ Text-book of Inorganic Chemistry,” vol. VIII, 
p. 263) state that manganese readily displaces the metals arsenic, 
antimony, bismuth, tin, lead, copper, iron, nickel, cobalt, chromium, 
cadmium, and zinc from solutions of their salts. These observations 
have been verified, except in the case of chromium, which was not 
investigated. 


Single Electrode Potential.—The electrode potential was measured 
a follows. The cathode, bearing a small, but light and adherent 
deposit of metallic manganese, was removed from the bath at the 
md of an electrolysis, washed, and immersed in J/-manganese 
sulphate solution. The potential of the half element Mn|MnSO, 
(molar) was then measured at 12° in the usual way, against a normal 
talomel electrode, a 3N-solution of potassium chloride being used 
to minimise liquid potential difference, thus : 


Mn|M-MnSO,|3N-KCl|Hg,Cl,|Hg. 
in N-KCl 


The mean of four determinations, each made with a fresh deposit, 
was — 0-797 volt (absolute scale), the measurements agreeing within 
0002 volt. The potential of the half element Mn|J//10-MnSO, 
was — 0-821 volt (absolute scale). Hence the potential of the man- 
ganese becomes more negative with dilution of its salt solution. 
All these values were constant, and the manganese showed no signs 
of attack by the solution. 


4 1* 
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Hydrogen Overvoltage at a Manganese Surface.—This was deter. 
mined in the following manner. The cathode, covered with a 
adherent coating of manganese, was removed from the electrolysis 
bath and placed in an electrolyte, which was N/1 with respect to 
sodium sulphate and N/50 with respect to caustic soda. The 
cathode was surrounded by a cylindrical anode of platinum at ; 
uniform distance of about 3 cm. A Lugin capillary was pressed 
against the manganese surface, which was smooth. Current was 
passed and the potential of the manganese determined at various 
current densities. It may be urged, against this method, that 
oxygen was free to diffuse to the cathode, and to exert there its 
well-known depressing effect on overvoltage. This effect was 
probably small, since the area of the anode was large in comparison 
with that of the cathode, and therefore the concentration of oxygen 
over its surface was very small; moreover, the evolution of hydrogen 
was very brisk at all current densities. A normal calomel electrode 
was used as standard of reference, in conjunction with a standardised 
cadmium cell. The results obtained at 16° are summarised in 
the following table : 

Overvoltage ...... 0-615 0-644 0-705 0-755 0-823 0-850 1-044 volts. 
Current density 0-47 0-63 1:33 2-33 4-00 5-00 10-00 amp. /dem.. 

The effect of temperature on overvoltage was next determined. 
The experimental details were as before, and the current density 
was 3-33 amp./dem.?. 


Overvoltage ...........006 0-801 0-622 0-507 0-393 volt 
Temperature ........0++. 15-5° 535° 71° 84° 


Anodic Solution Potential.—Miiller (Z. Elektrochem., 1904, 10, 
519) states that manganese dissolves in weakly acid sodium phos. 
phate solution as manganic phosphate, at a high current density 
(7-5—15 amp./dem.*); oxygen is simultaneously evolved. If the 
ammeter, or the #.M.F'. of the manganese electrode is now observed, 
pulsations are seen to be set up. Simultaneously with the lowest 
value of the #.M.F., hydrogen is violently evolved at the electrode. 
This evolution again ceases, and the issuing gas contains oxygen 
and hydrogen, the presence of which may be shown by exploding 
the mixture. The passivity of manganese is so labile that, as 
anode, it falls back into the active condition. The observation 
that hydrogen is evolved at a manganese anode seems peculiar in 
view of the fact that the sodium phosphate solution acts as a buffer 
solution, suppressing hydrogen-ions. 

Kuessner (Z. Hlekirochem., 1910, 16, 754), using an electrolyte 
of neutral 0-5N-potassium sulphate and an anode of manganese 
(Mn = 99-5 per cent.), found that passivity increased with time; 
with a current density of 0-5 amp./dem.’, the potential, initially 
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— 0-559 volt (hydrogen scale), increased to — 0-301 volt after 218 
minutes. 

Grube and Metzger (Z. Elektrochem., 1923, 29, 17), working with 
hot, concentrated caustic soda solutions, found that manganese 
went into solution, at low current densities as bivalent atoms, at 
medium current densities as tervalent atoms, and at still higher 
current densities as sexavalent atoms, which formed manganate. 
At room temperature, however, or in dilute caustic soda solution, 
the manganese dissolved immediately in the septavalent condition. 

In my determinations, neutral M-manganese sulphate solution 
was used. The specimen of manganese used was very nodular 
and crystalline. The temperature was 13°. 

The potential of the manganese with no current flowing was 
— 0-795 volt (absolute). With a current density varying from 
0:7 to 7 amps./dem.?, it remained constant at — 0-725 volt. This 
gave 0-070 volt as the measure of the passivity. Hydrogen was 
freely evolved at the cathode, but no visible gas at the manganese 
anode. The solution became somewhat cloudy through precipita- 
tion of basic manganese sulphate in the neighbourhood of the 
cathode. Metallic manganese also was deposited on the cathode. 
There was no formation of permanganate. Determinations of 
potential were made at intervals of twenty minutes. 

With regard to Kuessner’s statement that passivity increases with 
time, it was thought advisable to conduct an experiment at constant 
current density for some time, determinations of the potential 
being made at intervals. Manganese sulphate solution was used, 
as before. The temperature was 16° and the current density 
Tamp./dem.*. The potential, determined at every half-hour during 
a period of two hours, remained constant at — 0-724 volt. At the 
end of the run the heavy deposit on the anode had almost com- 
pletely disappeared. The electrolyte had deposited basic sulphate, 
but itself remained neutral. The small passivity measured may, 
of course, have been due to the metal having been charged with 
hydrogen. 

Summary. 

The following properties of electrolytic manganese have been 
investigated: 1. Density. 2. Chemical properties. 3. Displace- 
ment of other metals from solution. 4. Single electrode potential. 
5. Hydrogen overvoltage at a manganese surface. 6. Anode solu- 
tion potential. 


Tn conclusion, the author wishes to acknowledge his great indebted- 
ness to Professor A. J. Allmand for advice and criticism. 


Kinea’s CoLLEcGEe, LONDON. (Received, June 28th, 1923.] 
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CCLXI.—The Photochemical Decomposition of Chlorine 
Monoxide. 


By Epmunp Jonun Bowen. 


Ir is well known that the mechanisms of most photochemical 
changes are very obscure, and that this is due to the primary 
reactions between the absorbing substances and the light being 
obscured by a complex series of subsequent reactions, during which 
the energy absorbed and liberated in the reaction is redistributed 
in an unknown manner among other molecules. As radiant energy 
is only absorbed in quanta, those photochemical reactions in which 
the subsequent reactions are not extensive will provide a ratio 
Molecules reacting/Quanta absorbed not far removed from unity. 
The rarity of such reactions is probably exaggerated, because the 
most striking photochemical reactions are those of high so-called 
“light sensitivity.” 

In continuation of previous work (this vol., p. 1199) the photo- 
chemical decomposition of gaseous chlorine monoxide in blue and 
violet light has been investigated. The source of light was a 
1000 c.p. “‘ Pointolite ’ lamp. A condensed beam of light, filtered 
through solutions of copper sulphate and of crystal-violet, passed 
directly into the photochemical cell. The energy in the radiation 
was determined in three ways, which gave concordant results; 
first, as previously described (loc. cit.); secondly, by calibrating a 
Melloni thermopile with a small, thin, flat coil in which known 
amounts of electrical energy were expended, the coil being placed 
as close as possible between the face of the thermopile and a 
blackened metal plate; and, thirdly, by the use of a special air- 
thermometer. This consisted of a cylindrical glass vessel with a 
plane side through which the light entered, to fall on a screen inside 
made of the thinnest rice paper blackened with Indian ink. A coil 
of constantan wire wound on the paper served for calibrating, and 
pressure changes due to the heating effect of the radiation were 
measured on an aniline—water differential manometer. Although 
the thermopile and potentiometer is a more sensitive arrangement, 
it is thought that this air-thermometer is more accurate for absolute 
measurement, because the heating by the radiation and by the 
calibrating current take place under closely similar conditions. 

The absorption measurements were made with the thermopile 
and potentiometer. The photochemical cell consisted of a piece of 
glass tubing 3°2 cm. in diameter and 4°5 cm. long, the ends of which 
were closed by pieces of thin plate glass fused on, and fitted with 
two capillary tubes and taps. It was filled by condensing in it a 
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quantity of liquid chlorine monoxide, prepared by passing dry 
chlorine through a long tube containing precipitated mercuric oxide 
which had previously been heated for several hours at 350°, and 
allowing the liquid to evaporate. The photochemical reaction was 
followed by measuring the changes of pressure on exposure, the 
cell being connected by a ground glass joint through a capillary 
“air buffer’? to a sulphuric acid manometer. The vessel was 
immersed in water at constant temperature before initial and final 
pressures were read. 

Several filters isolating the blue and violet rays were used. In 
the calculation of the number of quanta absorbed a mean wave- 
length of 4600 A.U. has been employed; that is, hy = 4:28 x 10°? 
erg. 

Summary of Results. 


Quanta per Molecules 
second in decomposed 
light per second Molecules 3 decomposed 
x iv. Absorption. x 19. Quanta absorbed 
15-4 0-59 21-0 2-30 
15-2 0-52 17:3 2-19 
14-4 0-58 17-4 2-09 
12-0 0-36 9-92 2-30 
11-7 0-49 12-7 2-22 
11-3 0-46 11-6 2-22 
10-2 0-42 10-8 2-52 
8-19 0-25 4-45 2-18 
7°82 0-28 4-66 2°13 
6-86 0-54 9-25 2-50 
5-38 0-60 71 2-20 


The amount of decomposition in the above experiments was of 
the order of 3 per cent. 

More accurate comparative experiments on the same sample of 
gas showed that the photochemical rate was strictly proportional 
to the light intensity over a range of 1 : 4, a rotating sector being 
used to vary the light intensity. 

The chlorine monoxide contained varying quantities of chlorine 
as an impurity, the elimination of which apparently is not easy. 
The uniformity of the results suggests, however, that the presence 
of chlorine does not seriously affect the rate of decomposition. 

The results indicate that two molecules are decomposed for each 
quantum absorbed; the reaction therefore seems a comparatively 
simple one. Two alternative and indistinguishable mechanisms 
explain the results. 

Either the decomposition is unimolecular, 


Cl,O + hy —> “active” Cl,O —> Cl, + O, 


this being the only possible unimolecular decomposition in violet 
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light (see previous reference), and is followed by a spontaneous 
reaction, 


ClO + O — Cl, + O, + 91,000 cal., 


or the change is 
Cl,0 + hy —> “ active ” Cl,0, 
followed by 


“active” Cl,O + Cl,O —> 2Cl, + O, + 95,000 cal. 


Both possibilities satisfy the condition that the spontaneous 
reactions shall be exothermic. It should be noted that the very 
large heat evolutions in either case do not lead to further decom- 
position, as would be expected if the views of Baly (T7'rans. Faraday 
Soc., 1922, 17, 588), that this energy would be liberated at infra-red 
frequencies capable of re-absorption, are correct. 

When chlorine peroxide is exposed to light a more complex 
decomposition takes place, with formation of large quantities of an 
unstable brown liquid. This disappears with formation of white 
fumes when a trace of water vapour is admitted. Traces of white 
fumes are also observed when chlorine monoxide which has been 
exposed to light is allowed to come into contact with moist air. 
It seems that in both cases some formation of other oxides of chlorine 
occurs besides the simple decomposition. These reactions are being 
further investigated. 

Summary. 

Two molecules of chlorine monoxide in the gaseous state appear 
to be photochemically decomposed for each quantum of blue and 
violet light absorbed. The mechanism of the reaction has been 
discussed on this basis. 


Part of the apparatus used in this work was purchased with the 
aid of a grant from the Research Fund Committee of the Chemical 
Society. 

PuysicaL CHEMICAL LABORATORY, 


BALLIOL AND TRINITY COLLEGES, OXFORD. 
[Received, June 26th, 1923. 


CCLXII.—Benzbisthiazoles. Part IV. 
By STEPHEN RATHBONE HOLDEN EDGE. 


THE paper by Mills and Smith entitled “‘ The Reactivity of Methyl 
Groups in Heterocyclic Bases ” (T., 1922, 122, 2724) suggested that 
similar experiments with the dimethylbenzbisthiazoles described 
in the previous papers might disclose a relationship between the 
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curious differences of basicity which have been noticed and the 
reactivity of the adjacent methyl] groups. 
2:6-Dimethylbenzbisthiazole (I) and 2 : 6-dimethyl-8-benzbis- 
thiazole (II) were chosen for the experiments because these com- 
pounds are very similar in structure and yet show quite decisively 
the difference in basicity, the first being a mono-acid base and the 
second a di-acid base. The condensation of the methiodides of the 
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(X = -CH:CH-C,H,°NMe,[p]) 


bases with p-dimethylaminobenzaldehyde in alcoholic solution 
containing a drop of piperidine proceeded exactly as described by 
Mills and Smith, except that the red colour was noticed on warming 
even before any piperidine had been added. As was expected, 
since 2 : 6-dimethylbenzbisthiazole forms only a monomethiodide, 
this compound gave only a monostyryl! derivative (III), whilst the 
dimethiodide of 2 : 6-dimethyl-8-benzbisthiazole gave the distyryl 
derivative readily (IV). 

A more interesting experiment was the condensation of the free 
bases with benzaldehyde by heating in a sealed tube with a trace of 
zinc chloride. Mills and Smith have shown that this condensation 
occurs readily in compounds where the methyl group is connected 
with a carbon of the ring which is itself doubly linked io the nitrogen 
atom. Both the benzbisthiazoles used should therefore give 
distyryl derivatives readily. The condensations were carried out 
under identical conditions, the mixtures being heated in the same 
water-bath for thirty hours. 2 : 6-Dimethyl-$-benzbisthiazole (II) 
was completely converted into a stable crystalline distyryl derivative. 
2: 6-Dimethylbenzbisthiazole (I), on the other hand, although it 
certainly gave a small amount of the distyryl derivative, yielded 
several other products, the exact nature of which could not be 
determined with the small quantities available, but it was ascer- 
tained that the main product was not a styryl derivative of the 
benzbisthiazole. 

Thus there appears to be good evidence for the belief that the 
reactivity of the methyl groups is considerably less pronounced 
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in the mono-acid base (I) than in the di-acid base (IT), and that 
whatever it is that causes the difference in the properties of the 
nitrogen atoms affects the methyl groups too. 


EXPERIMENTAL. 


2 - p-Dimethylaminostyryl-6-methylbenzbisthiazole Monomethiodide, 
—0°35 Gram of 2 : 6-dimethylbenzbisthiazole monomethiodide was 
boiled for some hours with 0°35 gram of p-dimethylaminobenz. 
aldehyde in 15 c.c. of absolute alcohol containing a drop of piperidine, 
A deep purple colour developed quickly and small, steely blue, 
needle-shaped crystals were slowly deposited from the hot solution; 
m. p. 240° with decomposition (Found: I = 25°55. CyoHaoN,IS, 
requires I = 25°76 per cent.). Even in very dilute water solution 
the substance is a powerful dye. 

2 : 6-Bis-p-dimethylaminostyryl-B-benzbisthiazole dimethiodide, pre- 
pared as described above, forms a deep purple matt of very fine 
crystals having a marked bronze lustre, especially when rubbed. 
This compound too is a powerful dye. It melts and decomposes at 
246—250° (Found: I = 33°69. CyoH,.N,1,8, requires I = 33:16 
per cent.). 

2 : 6-Distyryl-B-benzbisthiazole—O'5 Gram of 2: 6-dimethy]-f. 
benzbisthiazole was heated in a sealed tube in a water-bath with 
0°7 gram of benzaldehyde and a trace of zinc chloride for thirty 
hours. The product was crystallised from acetone, fine, canary- 
yellow, needle-shaped crystals, m. p. 213—214°, being obtained in 
almost theoretical yield. This substance is also soluble in alcohol 
or light petroleum. In solution in any of these solvents the sub- 
stance shows a beautiful blue fluoresence (Found: C = 72°83; 
H = 412. C,,H,,N,S8, requires C = 72°73; H = 4:04 per cent.). 

2 : 6-Distyrylbenzbisthiazole-——The quantities and the time of 
heating were the same as in the preceding preparation. The 
yellow solid product crystallised from alcohol in small, yellow 
leaflets. By repeating the preparation three times, about 0°25 
gram of this substance, m. p. 204°, was obtained (Found : C = 72°71; 
H = 4:38. C,,H,,N.S8, requires C = 72°73; H = 4:04 per cent.). 

On concentrating the alcoholic mother-liquors, a further quantity 
of yellow crystals was obtained which melted at 240—300°. These 
were obviously too impure to analyse and the quantity obtained 
was too small to purify. They contained sulphur and nitrogen. 

On further concentration, oily matter only was produced, but 
it was discovered that concentrated hydrochloric acid gave a canary- 
yellow, crystalline precipitate of a hydrochloride with either the 
oil or the concentrated alcoholic solution. The second and the 
third preparations yielded together about 0°75 gram of this com- 
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pound, from 1 gram of the benzbisthiazole. It could not be re- 
crystallised and therefore it was washed well, dried in an air-oven 
at 100° and in a vacuum desiccator, and analysed (m. p. 255° with 
decomp.). It was not pure, as the two preparations gave different 
results on combustion, but it cannot be any of the possible hydro- 
chlorides of mono- or di-styrylbenzbisthiazole, or any mixture of 
these, the carbon content being far too low and the chlorine content 
far too high (Found: Ist prep., C = 42°20; H = 3:44; 2nd prep., 
C= 43:03; H=3°83; Cl= 24:98. C,,H, N,Cl,S, requires 
C= 43:28; H=328; Cl= 23°28. Cy, .H,9N,ClS, requires 
C = 45°42; H = 3°17; Cl = 22°40 per cent.). 

Figures similar to the above would be obtained by analysis of 
either of these two compounds, if it were contaminated with a 
little adsorbed hydrogen chloride. 

On pouring the strongly acid alcoholic solution into water, a 
yellow, flocculent precipitate was obtained, in small quantity only. 
It contained nitrogen and sulphur, and melted completely below 80°. 


In conclusion, the author desires to express his thanks to Dr. W. 
H. Mills for permission to undertake this piece of work. 


Krnoa’s Cottecr, Lonpon. [Received, July 25th, 1923.] 


CCLXIII.—6 : 6’-Diacetylamino-1 : 1'-diethylcarbo- 
cyanine Iodide. 
By Frances Mary Hamer, 


6: 6’- DIACETYLAMINO-1:1’-DIETHYLCARBOCYANINE IODIDE was 
first prepared by Mills and Pope (Phot. J., 1920, 40, 253) and its 
photographic sensitising action was examined. Because 6-acetyl- 
aminoquinaldine ethiodide is but slightly soluble in alcohol, the con- 
densation was carried out in rectified spirit diluted with water. Mees 
and Gutekunst modified this preparation by using undiluted spirit 
(Brit. J. Phot., 1922, 49, 474; J. Ind. Eng. Chem., 1922, 14, 1060). 
They stated that a different product was obtained and claimed that 
their carbocyanine acted as a powerful sensitiser when added to an 
emulsion, showing a maximum not possessed by that previously 
described. But when they used the dye in aqueous solution for 
bathing plates, the extent of the band of sensitisation was found to 
be diminished and this they regarded as manifesting the presence 
of an entirely different substance. They considered that, in the 
preparation of the carbocyanine, the water content must be kept to 
a@ minimum, since otherwise the same, more weakly sensitising, 
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product is obtained. To explain these anomalies, Mees and Gute. 
kunst suggested that 6 : 6’-diacetylamino-1 : 1’-diethylearbocyanine 
iodide is hydrolysed by water, the acetyl radicles being removed. 

But the explanation is improbable, since acetyl groups attached 
to nitrogen are generally stable. Moreover, in this particular 
instance, 6-acetylaminoquinaldine ethiodide—as also the base 
from which it is derived—is unchanged by boiling with water and 
is indeed best purified by recrystallisation from water, so that the 
acetylamino-groups in the corresponding carbocyanine would be 
expected to show a similar stability. 

The preparation of the carbocyanine was repeated, following the 
method of Mills and Pope. A spectroscopic examination of the 
recrystallised dye confirmed their results and, although the extension 
of sensitisation into the red was greater than previously observed, 
the form of the spectrograph bore no resemblance to that depicted 
by Mees and Gutekunst. Tests were kindly carried out by Messrs. 
Ilford, who found that, whether the plate was bathed in a solution 
of the dye, or whether this was applied in the emulsion, the nature 
of the sensitising bands was essentially the same. A complete 
analysis of the substance gave values which concorded with those 
calculated for 6 : 6’-diacetylamino-1 : 1’-diethylearbocyanine iodide. 
It was found that, although the yield was improved by using undi- 
luted alcohol in the preparation, yet the product was identical. 
Thus the original observations were confirmed. 

6 : 6’-Diamino-] : 1’-diethylcarbocyanine iodide was prepared by 
hydrolysing its diacetyl derivative with concentrated hydrochloric 
acid, and a complete analysis of it also was carried out. It differed 
from the diacetylaminocarbocyanine in appearance, solubility, and 
optical properties. 

EXPERIMENTAL. 

6 : 6’-Diacetylamino-1 : 1'-diethylearbocyanine Iodide-—One mol. 
of 6-acetylaminoquinaldine ethiodide (14°2 grams) and one mol. of 
quinoline ethiodide’ (11°4 grams) were dissolved in rectified spirit 
(400 c.c.) diluted with water (60 c.c.). To the hot liquid were added 
2°7 mols. of 37 per cent. formaldehyde (9 ¢c.c.) and then a solution of 
1:2 atoms of sodium (1‘l grams) in spirit (50 c.c.). After boiling 
for twenty minutes, the hot mixture was filtered and the very 
insoluble carbocyanine was thus freed from impurities. It was 
further purified by two extractions with boiling methyl alcohol 
(200 c.c. each). On recrystallisation from methyl alcohol (2 litres 
per gram), the yield (2°8 grams) diminished to one-third. The pure 
carbocyanine formed minute, green needles, which were unmelted 
at 320°. It was so slightly soluble in rectified spirit that the 1 in 
10,000 solution deposited crystals on cooling. For analysis, a 


SS —— = So ae oP 


6 ; 6’-DIACETYLAMINO-] : 1’-DIETHYLCARBOCYANINE IODIDE. 2335 


specimen was dried in a vacuum at 120—130° to constant weight 
and, since it is very hygroscopic, precautions were taken against 
the uptake of water (Found: C = 58:37; H = 5:33; N = 9-55; 
[= 21:26. Cale. for (C,9H,,0.N,I: C= 58-57; H = 5-26; 
N= 9-43; I = 21-36 per cent.). 

The dye possesses two absorption bands, of which that in the red 
is the stronger; their maxima lie at 6250 and 5750. It is a weak 
sensitiser showing two maxima, and that in the red is relatively 
intense, with its crest at 6550, whilst the other is broader, extending 
from 5200 to 6300. For an exposure of eight minutes, the sensiti- 
sation extended to 7500, whilst a weaker band appeared with its 
crest at about 7100. An emulsion test showed the sensitising action 
to be the same as when the plate was bathed in a solution of the 
carbocyanine. 

In another preparation, rectified spirit was used undiluted by 
water, so that the method of Mees and Gutekunst was followed as 
exactly as might be. It was not, however, found possible to dissolve 
the acetylaminoquinaldine ethiodide in the amount of alcohol 
mentioned, but three times that quantity was required. The yield 
was improved (4:3 grams of product instead of 2-8 grams). Com- 
parison of a recrystallised specimen with one, in the preparation 
of which diluted alcohol had been employed, showed the two to be 
the same in appearance, solubility, and behaviour on heating, and 
the spectrographs also were identical. 

6 : 6’-Diamino-1 : 1’-diethylcarbocyanine lodide.—6 : 6’-Diacetyl- 
amino-1 : 1’-diethylearbocyanine iodide (3 grams) was dissolved 
in concentrated hydrochloric acid (30 c.c.), and the solution boiled 
for half an hour. The red liquid was cooled, diluted with water, 
and carefully neutralised with ammonia. The precipitated diamino- 
compound was filtered, and dried on a porous plate. Its solution in 
hot methyl alcohol was treated with sodium iodide and the product 
was recrystallised twice more, but even then was sometimes slightly 
impure. The pure compound forms very beautiful, bright green 
crystals, possessing a brilliant lustre and golden iridescence. Melt- 
ing with decomposition occurred at 262—263°. The carbocyanine 
ismuch more soluble in hot methyl alcohol (300 c.c. per gram) than 
is its diacetyl derivative. For analysis, it was dried in a vacuum at 
120—130° until of constant weight (Found : C = 58-50; H = 5-38; 
N= 10-76; I=2493. Cale. for C,,H,,N,I: C= 58-79; 
H = 5:34; N = 10-98; I = 24-87 per cent.). 

Of the two bands in the absorption spectrum, that in the red is 
much stronger than the other; their maxima are at 6400 and 5950. 
This carbocyanine decreases the normal sensitiveness of the plate 
and produces fog, but both these effects are greatly diminished when 
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a solution of 20—25 per cent. of the usual concentration is used 
There are two bands of extra sensitiveness, of which that with its 
crest at 6700 is by far the more intense. The broader and weake 
band extends from 5250 to 6300, leaving a minimum in the green, 


University CHEMICAL LABORATORY, 
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CCLXIV.—The Estimation of Alkalis in Rocks by 
the Indirect Method. 


By FREDERICK WALKER. 


WHEN the alkalis in rocks are estimated by the Lawrence Smith 
method, it is the almost invariable custom of analysts to separate 
the potassium from the sodium by conversion of the mixed chlorides 
of the two metals into chloroplatinates and removal of the soluble 
sodium chloroplatinate by means of ethyl alcohol, d 0°86 (Washing. 
ton, “‘ Chemical Analysis of Rocks,” 1910, p. 153). The insoluble 
potassium chloroplatinate is then weighed, and after calculation of 
the corresponding weight of potassium chloride, the weight of sodium 
chloride is determined by difference. The percentages of alkali 
oxides in the rock may then be calculated. 

This method has, however, two possible sources of error. 

(a) Some impurities present in the mixed chlorides are wholly 
or partially undissolved by the alcohol and remain with the 
potassium chloroplatinate, thus giving a high potash and a low soda 
percentage. 

The impurities in the reagents used, previously determined by a 
“blank experiment,” are assumed to be sodium chloride, and a 
corresponding correction is applied to the weight of sodium chloride, 
but examination of the residue in a blank experiment shows that 
besides sodium chloride, at least calcium chloride and carbon are 
present. 

(6) Some of the potassium chloroplatinate will be dissolved by 
the alcohol, and removed along with the sodium salt, this tending 
to give a low potash and a high soda percentage. 

Many investigators have suggested the indirect estimation of 
sodium and potassium by titration of the mixed chlorides with 
silver nitrate using potassium chromate as indicator, and Collier 
(Amer. J. Sci., 1865, 37, 344) has shown the method to be accurate 
when pure salts are used. A discussion of the merits of the indirect 
method has been given by Mellor (“Treatise on Quantitative 
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Inorganic Analysis,” 1913, pp. 227—229) together with an account 
of the calculations involved and a very complete bibliography. 

No experimental details have apparently been given when the 
mixed chlorides have been actually derived from rocks, nor have 
any figures been published which would serve as a comparison 
of the chloroplatinate and indirect methods. The author has 
endeavoured to remedy these omissions in the present com- 
munication. 

Method of Titration.—N /50-Silver nitrate solution was prepared 
by dissolving 3°398 grams of pure silver nitrate in distilled water 
and making up to 1 litre. This solution was standardised in the 
following manner under exactly the same conditions as prevailed 
in the actual titration of the mixed chlorides. 

About 50 mg. of pure sodium chloride or 60 mg. of pure potassium 
chloride were weighed to 1/20th mg. and dissolved in about 20 c.c. 
of distilled water in a white porcelain basin. To this solution 
0:25 c.c. of potassium chromate solution (N//5) was added. The 
silver nitrate was then run in, 0°5 c.c. at a time, from a 50 c.c. 
burette, and the contents of the basin were vigorously stirred after 
each addition of the silver nitrate. When the calculated end-point 
was approached, the silver nitrate was run in very cautiously with 
continued vigorous stirring. The end-point is indicated by a change 
in the colour of the solution from very pale yellow to very pale 
salmon-pink. If the colour of the solution is pale, the end-point 
will be exceedingly sharp, but if too much indicator is used, several 
drops of silver nitrate may have to be added to produce a per- 
ceptible change of colour. To facilitate the detection of the end- 
point, the following solution was used as a standard for com- 
parison. A few c.c. of a chloride solution to which 0°25 c.c. of 
Y/5-potassium chromate had been added were partly precipitated 
in a white porcelain basin by silver nitrate solution so that an 
abundant precipitate of silver chloride was produced, the chromate, 
however, being unaffected. The total volume of the solution for 
comparison should be about 60 c.c. to correspond with the volume 
used in the titration. 

Modifications of the Lawrence Smith Method Employed.—To 
obtain the mixed chlorides of sodium and potassium from the rock, 
the Lawrence Smith method as described by Hillebrand and 
Washington (Hillebrand, “ Rock Analysis,” 1910, pp. 171—173; 
Washington, op. cit., pp. 143—151) was used with the following 
modifications : 

(1) The ignition of the powdered rock with calcium carbonate 
and ammonium chloride was carried out in an ordinary platinum 
crucible, the finger type being found unnecessary. This crucible 
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had a ventilated lid and was placed in a perforated silica plate, 
beneath which two-fifths of the crucible projected. After the slow 
volatilisation of the ammonium chloride, the ignition was completed 
over a moderate bunsen flame. Extremely fine rock powder was 
always used. 

(2) The bulk of the calcium was removed by double precipitation 
with a slight excess of ammonium carbonate in a porcelain basin, 
at the maximum temperature attainable on a water-bath. The 
solution was stirred vigorously during precipitation, and the 
precipitate allowed to settle. Two drops of ammonium oxalate 
solution were then added, and the solution was kept on the water. 
bath for five minutes, after which it was decanted through a 9 cm. 
filter-paper into a platinum basin, the precipitate being retained 
in the porcelain basin as much as possible. The precipitate was then 
redissolved in the minimum quantity of dilute hydrochloric acid 
(about 4 c.c.), reprecipitated as before, and filtered into the platinum 
basin with repeated thorough washings with small quantities of hot 
water. 

(3) After the first evaporation to dryness on the water-bath, 
the platinum basin was placed in an air-oven at 140°. The basin 
was covered by a clock-glass which had already been in the oven for 
twenty minutes. Fifteen minutes in this oven ensured the removal 
of all moisture, and when decrepitation took place the particles did 
not adhere to the clock-glass. The slight film of ammonium salts 
on the clock-glass was washed into the platinum basin before the 
third and final precipitation of calcium. After removal from the 
oven, the uncovered basin could be heated over an open flame 
without risk of spurting. The final precipitation of calcium was 
effected by addition of one drop of ammonia and five drops of 
ammonium oxalate solution. 

(4) When microscopic examination showed the presence of sulphur 
in the rock, two or three drops of barium chloride solution were 
added before the final precipitation of the calcium, as the presence 
of sulphates in the mixed chlorides is highly detrimental to the 
accuracy of the indirect method. The excess of barium chloride 
was precipitated by a few drops of ammonium carbonate. 

(5) The jet of the wash-bottle was reduced to a minimum and 
many small washings were given. The alkali chlorides were 
extracted from the ignited mass by about 80 c.c. of water and the 
filtrates at the commencement of the first evaporation to dryness 
rarely exceeded 125 c.c. Much time was thus saved. 

When chloroplatinate determinations were made for comparison 
with the indirect method, absolute methyl alcohol was used for 
extraction of the sodium chloroplatinate as recommended by 
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Cumming and Kay (“ Quantitative Chemical Analysis,” 1919, 
p. 229). 

Blank Experiment and Purity of Reagents—To ensure accuracy, 
all the reagents used in the Lawrence Smith method were tested, 
and purified if necessary. The author found that Kahlbaum’s 
calcium carbonate (zur Analyse) was very satisfactory without 
purification. The residue obtained in the blank experiment did not 
exceed 15 mg. After it had been weighed, it was dissolved in 1 c.c. 
of water and titrated in the crucible with standard silver nitrate, 
one drop of potassium chromate (N/5) being added as indicator. 
The volume of the silver nitrate used was deducted from the titre 
obtained in the actual determination, whilst the weight of residue 
was deducted from the weight of the mixed chlorides. In the 
indirect method, provided that the composition of the residue is 
constant, its nature is of no importance. 

‘In his determinations, the author found the weight of residue 
to vary between 1 mg. and 1°5 mg. (compare Hillebrand, op. cit., 
p. 171). The volume of silver nitrate used varied between 0°35 c.c. 
and 0°60 c.c. 

In the actual determination it is well to take sufficient rock 
powder to yield at least 40 mg. of mixed chlorides, but if the weight 
of the mixed chlorides exceeds 60 mg. there is a risk of using more 
than 50 c.c. of standard silver nitrate, that is, the capacity of the 
burette. In practice it is easy to determine fairly accurately the 
probable percentages of alkalis and the probable weight of mixed 
chlorides by microscopic examination of thin sections of the rock 
analysed. The weight of the rock powder used will seldom exceed 
0°6 gram or be less than 0°35 gram to yield the above amount of 
mixed chlorides, and with these weights the customary 4 grams 
of calcium carbonate and 0°5 gram of ammonium chloride give 
satisfactory decomposition. 

After the mixed chlorides had been weighed, they were dissolved 
in about 20 c.c. of water and transferred to a porcelain basin, in 
which they were titrated against standard silver nitrate exactly as 
described above. From the burette reading the weights of potass- 
ium and sodium chlorides were calculated and finally the per- 
centages of alkali oxides present in the rock were obtained. The 
details of this calculation are given by Mellor (op. cit., p. 227). 

The results given below were obtained with three representative 
Scottish igneous rocks, the first having potash and soda present 
in almost equal proportions, the second having a large pre- 
ponderance of soda, and the third a slight preponderance of 
potash. 


* 
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A. Quartz-Monzonite from Priestlaw, EL. Lothian. 


Weight of residue obtained in blank experiment, 1-5 mg. 
Volume of silver nitrate used in blank experiment, 0-60 c.c. 


Indirect. 
Weight of rock powder used (gram) ......... 0-4485 0-4921 
Corrected weight of mixed chlorides (gram)  0-0551 0-0606 
Weight of potassium chloroplatinate (gram) _ —_ 
Corrected volume of silver nitrate used (c.c.) 42-95 47-30 


Weight of potassium chloride referred to 

weight taken in chloroplatinate determin- 

ER BUND. cicccienceyscncescsns scsttcuseroendenens 25-6 25-4 
Weight of sodium chloride referred to weight 

taken in chloroplatinate determination 


IND) pecettsicnntncncdceosconntcsbonsssnniets sovee BDH 35:7 
PINE CE TED no cccccecncoccosensnesetecesentert 3°25 3°23 
Percentage of Na,O _ .........cccccccocccscsssessee 3°79 3°81 


Chloro- 
platinate. 
0-4962 
0-0609 
0-0872 


B. Theralite from Whitehouse Point, Mid Lothian. 


Weight of residue in blank experiment, 1-0 mg. 
Volume of silver nitrate used in blank experiment, 0-35 c.c. 


Indirect. 
Weight of rock powder used (gram) ......... 0:-4083 0-4002 
Corrected weight of mixed chlorides (gram) 0-0545  0-0538 
Weight of potassium chloroplatinate (gram) _ eae 
Corrected volume of silver nitrate used (c.c.) 43-95 43-50 


Weight of potassium chloride referred to 

weight taken in chloroplatinate determin- 

MIRTEMMIEZ I. Susiicguncacesessnvascsantaneibesmeaees 10-1 10-0 
Weight of sodium chloride referred to weight 

taken in chloroplatinate determination 


TLD. dicncesatgsaenerbsrcoseseesoosspeneeneseqenty 33-2 33°5 
NY SEE DEED cccpsccsetvesckocesicasessenents 1-96 1-95 
Percentage of Na,O  ...........secesecees bepeetess 5-43 5-48 


C. Granite from Corrennie, Aberdeenshire. 


Weight of residue in blank experiment, 1-0 mg. 
Volume of silver nitrate used in blank experiment, 0-35 c.c. 


Indirect. 
Weight of rock powder used (gram)  .....+006 0-3460 00-3536 
Corrected weight of mixed chlorides (gram) 90-0526 0-0542 
Weight of potassium chloroplatinate (gram) — —_ 
Corrected volume of silver nitrate used (c.c.) 39-85 40-90 


Weight of potassium chloride referred to 

weight taken in chloroplatinate determin- 

GION (THG.) oc cccversecserccccccccccesccvesesscoses 27°3 28-0 
Weight of sodium chloride referred to weight 

taken in chloroplatinate determination 


DMEGD Sncdebcvcsceacsecsccestsscoueesseseue sebesssee 25:5 25-2 
Percentage of K,O ..........ceecessecsees ccceeesss, « 407 5-08 
Percentage Of Na,O  ......ccccccccceccccccccesees: 3-87 3°85 


Chloro- 
platinate. 
0-3241 
0-0429 
0-0356 


10-9 


Chloro- 
platinate. 
0:3474 
0-0528 
0-0903 


27:6 


25-2 
5-02 
3°84 


The above results seem to indicate that the indirect method is 
capable of giving results which show reasonable agreement with 
those obtained by the chloroplatinate method. 
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The purity of all the reagents is a sine gua non when the indirect 
method is employed, as the presence of impurities in the mixed 
chlorides affects the accuracy much more than in the chloroplatinate 
method. In this connexion it is significant to note that the rock in 
the analysis of which the purest reagents were used (C) showed the 
closest agreement between the three determinations. 

The time saved by the use of the indirect method, in conjunction 
with the modifications of the Lawrence Smith method described 
above, is considerable. The average time taken for the indirect 
determinations was four and a half hours. Thus two complete 
alkali determinations may be completed in one day (compare 
Washington, op. cit., p. 142). 


When expense is considered, the indirect method has a distinct 
advantage over both the chloroplatinate method and the less 
accurate perchlorate method. 


CHEMISTRY DEPARTMENT, 
UNIVERSITY OF EDINBURGH. [Received, June 13th, 1923.] 


CCLXV.—Equilibrium of the Ternary System 
Bismuth-Tin-Zince. 
By Suen D. Mozarrar. 


Tis problem was investigated in order to ascertain the influence 
of tin on the immiscibility of bismuth and zinc. From another 
point of view, it supplied the opportunity of recording the effect 
of immiscibility of two metals on the constitution of a ternary 
system. 

Former work on this problem consists in the attempts made by 
Wright and Thomson (Proc. Roy. Soc., 1891, 49, 156) to determine 
the influence of tin on the solubility of bismuth in zinc and of zine 
in bismuth. Experiments were made with mixtures of equal 
weights of bismuth and zinc to which varying proportions of tin 
were added. After the resulting mixtures had been brought into 
equilibrium (by keeping them for eight hours) at (i) 600—700° 
and (ii) 700—800°, the corresponding upper and lower layers were 
separated and analysed. From the solubility data thus obtained, 
it was concluded that the miscibility of bismuth and zinc is con- 
siderably favoured by the addition of tin and is completely attained 
by the addition of 18°7 (wt.) per cent. of tin at 600—700° and of 
153 per cent. at 700—800°. Similarly, attempts were made to 
determine the effect of successive additions of zinc to mixtures 
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of equal weights of bismuth and tin and of bismuth to similar 
mixtures of zinc and tin; in both cases, no immiscibility was met 
with. 

The results of these trials are confirmed by the present work, 
but since they are all solubility estimations they convey no idea 
about the freezing point of the alloys and therefore cannot be shaped 
into a thermal diagram of the system. 

The three binary systems involved in the problem are bismuth- 
zinc, bismuth-tin, and tin-zinc. The necessary thermal data 
are taken from the ‘ Landolt-Bornstein Physikalische-Chemische 
Tabellen,” 1912, which contains a summary of previous work. 


Thermal Investigation. 


Procedure.—Zinc and bismuth (both 99°9 per cent.) and tin 
(99°5 per cent.) were employed throughout the work. They con. 
tained the merest trace of foreign material, and their freezing 
points agreed with the standards. 

The freezing points and the other thermal arrests of the alloys 
were taken by means of a nichrome-constantan thermo-couple, 
The wires were 28 S.W.G. and the free ends of the couple were 
attached to a sensitive mirror-galvanometer. By tracing a spot of 
light reflected from the galvanometer needle on to a moving screen, 
the thermal arrests were obtained on direct time-temperature 
cooling curves. The couple wires, at their brazed end, were covered 
with a very thin layer of fireclay cement and inserted in the molten 
alloy. This formed an effective protection for the couple against 
the attack of the metals and at the same time did not impair its 
sensitiveness. On account of its fragile nature, the coating had 
to be repaired from time to time, but this was not a long or a tedious 
process. The thermo-couple was standardised by means of the 
following fixed points: b. p. of water (100°); f. p. of tin (232°); 
f. p. of lead—tin eutectic (183°); f. p. of lead (327°5°); f. p. of zinc 
(418°5°). 

A 100-gram sample of each ternary alloy was prepared by weigh- 
ing out the requisite quantities of the metals on a balance sensitive 
to 0°05 gram. All proportions of the metals in the alloys were 
reckoned in weight per cent. The rate of cooling and the speed 
of the screen were regulated to be the same for all alloys. It took 
usually thirty-five to forty minutes for an alloy to cool from 420° 
to 70°. The cooling curves were taken for the same interval. 
The results of the thermal analysis are given in the following 
table. 
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Results of Thermal Analysis. 


Thermal arrests. 
- a 


193-5° 
193 
188 
190 
183-5 
184-5 
180 
193 
183 
179 
175 
172 
166 
188 
177 
169 
165 
160 
160 
140-5 
192 
157 
153 
178-5 
164-5 
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Results of Thermal Analysis (continued). 


Composition. 


Thermal arrests. 


No. . Wt. percentage. 
alloy. Bi. Sn. Zn, I. 
57 35 25 40 390¢5° 
58 40 25 35 390 
59 50 25 25 377 
60 60 25 15 349 
61 65 25 10 314 
62 70 25 5 246 
63 25 2% 52 391-5 
64 10 20 70 389 
65 15 20 65 391 
66 20 20 60 394 
67 25 20 55 393 
68 35 20 45 393 
69 40 20 40 392-5 
70 45 20 35 393-5 
V1 50 20 30 393-5 
72 55 20 25 390 
73 60 20 20 374 
74 65 20 15 356 
75 7 20 10 324 
7 75 20 5 256 
ig 76 20 4 — 
78 5 15 80 391 
79 10 15 75 394 
80 15 15 7 396-5 
81 35 15 50 396 
82 50 15 35 396 
83 55 15 30 397 
84 60 15 25 397 
85 65 15 20 385 
86 70 15 15 365 
87 75 15 10 336°5 
88 80 15, 5 266 
89 5 10 85 398 
90 10 10 80 401 
91 45 10 45 401 
92 70 10 20 401 
93 75 10 15 371 
94 80 10 10 346 
95 85 10 5 276 
96 5 5 90 404-5 
97 10 5 85 404-5 
98 25 5 70 404 
99 40 5 55 404-5 
100 55 5 40 404:°5 
101 70 5 25 405 
102 80 5 15 404°5 
103 85 5 10 363 
104 90 5 5 288 


The Numbering of the Alloys.—In Fig. 1, the scheme of the number- 
The percentage of a metal in an alloy 
is represented on the well-known system of distances from the sides 
Starting from the apex, or the Sn corner, 
the alloys are numbered from left to right on lines parallel to the 


ing of the alloys is given. 


of an equilateral triangle 


II. 


224 
227 
232 
233 
234 


III. ~ 
130° 
130 
1315 
130 
132 
131 
129-5 
126 
129 
131 
130 
129 
132 
132 
131 
130 
131 
130 
131 
131-5 
132 
126 
131 
132 
130°5 
132 
131 
130 
131 
131-5 
130-5 
130 
131-5 
129-5 
130 
132 
131 
128 
132 
131 
131 
131 
129 
131 
130°5 


QU! 
zine- 
in Fi 
Th 
point 
js bo 
92, 1 
com} 
and 


7" we oONn - & 
or 


Cr cr 


i i i 
crc 


inte,  . irr 


ZQUILIBRIUM OF THE TERNARY SYSTEM BISMUTH—TIN-ZINC. 2345 


rinc-bismuth base. By this system, it is easy to locate an alloy 
in Figs. 2 and 3. 

The Liquidus Surface —In Fig. 2, the isothermals of the freezing 

ints of the alloys are given. It is clear that the immiscible zone 
is bounded by Zn C D or the alloys Nos. 96, 90, 80, 66, 55, 71, 84, 
92,102. At 390°, the addition of 28 per cent. of tin brings about 
complete miscibility in a mixture of equal weights of bismuth 
and zinc. As the relative proportion of bismuth and zinc varies 


Fie. 1. 
Numbering of Alloys. 


S.BIoMUTH 


ZINC 


from 1:1 by weight, the amount of tin required also becomes 
less. 

The ternary eutectic, lying at O, corresponding to 56 per cent. 
Bi, 40 per cent. Sn, and 4 per cent. Zn, and the binary valleys O X, 
0 Y, and O W running from it to the respective binary eutectic 
points are also shown in the same figure. Since the Bi-Zn binary 
eutectic at W also lies at 4 per cent. Zn, the valley O W joining it 
to the ternary point, O, is parallel to Bi-Sn base. The valley O X 
joining the ternary to the Sn—Zn eutectic point runs parallel to the 
same base from the ternary eutectic till alloy No. 11 is reached. 
It rounds off to alloy No. 7 and, further up, runs straight into the 
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Sn-Zn eutectic at X. The valley O Y joining the Bi-Sn eutectic 
to the ternary eutectic point is a straight line. 

The study of successive isothermals suggests the shape of the 
liquidus surface. From the Zn corner, a slope runs towards the 
binary valleys X OW. It is very steep between OW and CD 
and has been a source of great difficulty in recording the exact 
freezing points of the alloys containing 5 per cent. of zinc. This 
steepness is well marked in Fig. 6, which is a section of the liquidus 
surface along the median through Zn, and also in Fig. 5. Across 


» Fig. 2. 
Freezing points of the alloys. 


wut 


the binary valleys X O W there is a tendency for the liquidus 
surface to rise to the freezing points of the binary alloys or the pure 
metals. This gradient is not steep. 

The immiscible zone gives to the liquidus surface a characteristic 
flat shape, which slopes towards the centre of the triangle. The 
slope of the surface over the immiscible zone stands in a contrast 
to the general slope of the liquidus surface. 

Phase Rule Considerations—An alloy lying in the immiscible 
zone, on cooling in the liquid state, separates out in two layers. 
At its freezing point there are three phases present (pure zinc metal 
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as a Solid phase, and the two liquid layers). The system therefore 
has one degree of freedom. ‘In other words, fixing the temperature 
fixes the composition of the two layers and vice versa. Thus we see 
lines parallel to the Zn-Bi base in Fig. 2 joining up alloys freezing 
at the same temperature. All alloys lying on such a tie line separate 
out in two layers, whose compositions are represented by points 
on the end of the tie line. On rapid cooling, however, the change 
in composition does not follow the change in temperature, on account 


Fie. 3. 
Binary isothermals. 


Bi. 


of the lack of diffusion between the two layers. They freeze out 
independently of each other, and each may consist of two or three 
similar distinct phases. All alloys lying in the immiscible zone, 
therefore, solidify in two layers, the relative proportion of which 
varies with the initial composition of the alloy. 

In the case of alloys lying in the area Zn X O W DC in Fig. 2, 
there are only two phases present at their freezing point. The 
system has therefore two degrees of freedom, or the composition 
of the liquid as well as the temperature may change independently 
of each other. Because pure zinc separates out from these alloys 
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as the first solid phase on cooling, the change of composition of 
the liquid follows a straight line, which passes through the alloy 
from the Zn corner, until it meets one of the two binary valleys 
XOorOW. On its reaching these, a new solid phase, the binary 
eutectic, appears. There are therefore three phases present. The 
system becomes univariant and the composition of the liquid, 
with the change of temperature, follows the course of the binary 
valley XO or WO. On reaching the ternary eutectic point, 
another solid phase (the ternary eutectic) appears. The system then 
is invariant. Thus the alloys the compositions of which are repre- 
sented by points lying in the area specified above, consist of three 
phases, that is, pure zinc, one of the two binary eutectics (Bi-Zn 


Fia. 4. Fia. 5. 
420° 
380 bate 
340 
300 
260 
220 
180 
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Wt. % Zn and Bi < < Wt. % Zn, 
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or Sn-Zn) and the ternary eutectic; with the exception of those 
which lie on the line joining Zn and O, because from these none of the 
binary eutectic separates out. Consequently, they consist of two 
phases only, pure zinc and the ternary eutectic. 

The alloys lying on the binary valleys OY, OW, and OX 
(Fig. 2) also consist of two solid phases, the binary and the ternary 
eutectics. The ternary eutectic alloy at O is one homogeneous 
phase. 

In the area Bi W O Y (Fig. 2), 3 per cent. zinc-in-bismuth solid 
solutions separate out, and in the area Sn YOX (Fig. 2) solid 
solutions of more complex nature are formed. The phase rule 
considerations applicable to these areas are similar to those summed 
up above. 


EQUIL 


Isot 
area Z 
of Fig. 
The ¢ 
therefe 
throug 
have 
of the: 
is illus 
The a 
point 
zinc f 


EQUILIBRIUM OF THE TERNARY SYSTEM BISMUTH-—TIN-ZINC. 2349 


Isothermals of the Binary Arrests —From the alloys lying in the 
area Zn X O W DC in Fig. 3 (which corresponds to the same area 
of Fig. 2) pure zinc separates out, on freezing, as the first solid phase. 
The change in composition of the liquid portion of the alloy, 
therefore, always follows a straight line drawn from the Zn corner 
through the alloy in question. All alloys lying on a similar line 
have the same binary arrest, because on change of composition 
of their liquids they meet the binary valley at the same point. This 
isillustrated by the isothermals of the binary arrests given in Fig. 3. 
The alloys lying on the line joining the Zn corner to the ternary 
point do not meet any of the binary valleys on the separation of 
zinc from them on freezing. They give no binary arrest. The 


Fia. 6. Fic. 7. 
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Zn O line forms a valley by itself from which on either side the binary 
temperatures rise up as the sides of the triangle are approached 
(see Figs. 4, 7, and 8). 

In the immiscible zone and the other areas, the binary arrests 
cannot be interpreted by a simple rule. 


Effect of Tin on the Miscibility of Bismuth and Zine. 

Fig. 4 illustrates the effect of adding increasing amounts of tin 
to a mixture of equal weights of bismuth and zinc. It is a section 
of the diagram along a median through Sn and the middle point 
of the Zn—Bi base. The freezing points fall until the content 
of tin becomes 90 per cent., and between alloys 4 and 1 the 

VOL. CXXIII. 4k 
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binary valley O X (Fig. 2) is met. Further on, a rise in the freezing 
points of the alloys is recorded to the freezing point of pure tin, 
The binary arrest falls at first until alloy No. 50 is reached (this 
is the nearest point to the line joining Zn and OQ), and rises further 
with increasing percentages of tin. The freezing point of the 
ternary eutectic is given by all alloys except those in which solid 
solutions are formed. 

Fig. 5 is a section of the diagram at 15 per cent. Sn. The immis. 
cible zone is broken into from both sides, and other features are 
similar to those described above. The steep rise in the freezing 
point between 4 and 25 per cent. Zn is also illustrated. 


Fic. 8. Fic. 9. 
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Effect of Zine on the Miscibility of Tin and Bismuth. 


Fig. 6 shows the effect of adding increasing quantities of zinc 
to a mixture of equal weights of bismuth and tin. The rise in the 
freezing point is very rapid until the content of zinc reaches 40 per 
cent. With further additions of zinc, the rise continues to the 
freezing point of zinc, but is not so rapid. The binary arrests are 
all constant, because all the alloys in this section of the diagram lie 
on the median through Zn. The freezing point of the ternary 
eutectic is given by all the alloys. 

Fig. 7 illustrates a section of the diagram at 5 per cent. Zn. The 
binary arrests have their minimum at alloy No. 39, because it lies 
on the line joining Zn and O’(Fig. 2). 
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Effect of Bismuth on the Miscibility of Tin and Zine. 


Fig. 8 shows the effect of adding increasing amounts of bismuth 
to a mixture of equal weights of tin and zinc. The freezing point 
rises Slightly until the content of bismuth amounts to 60 per cent. 
With further additions of bismuth, the freezing point falls, comes 
toa minimum at 92 per cent. Bi, and then rises to the freezing point 
of pure bismuth. This figure is a section of the diagram along a 
median through Bi and the middle point of the Zn—Sn base. The 
minimum of the binary arrests falls at 43 per cent. Bi, because this 
point lies on the line joining Zn and O (Fig. 2). The temperatures 
of the ternary point are also shown. 

Fig. 9 is a section of the diagram at 10 per cent. Bi. The steep 
rise in the freezing point between 7 and 30 per cent. Zn is well 
marked. 


Microscopic Investigation. 


The conclusions drawn from the phase rule considerations dis- 
cussed above were tested by a micro-analysis of the alloys, and the 
following photographs are shown to confirm the views. Fig. 10 
shows the photomicrograph of alloy No. 40, which is the ternary 
eutectic, and illustrates its structure. 

Figs. 11 and 12 were respectively reproduced from the Bi-Zn 
eutectic and alloy No. 77, which lies on the O W valley (Fig. 2). 
Since zine or a solid solution does not separate out from it, this 
alloy consists of only two phases, the ternary eutectic and the 
Bi-Zn eutectic. Fig. 12 helps to fix the course of the valley. 

A photomicrograph of alloy No. 91 at the boundary line of the 
two immiscible layers is shown in Fig. 13. All immiscible alloys 
were found to have the same appearance. The structure of the 
two layers is further illustrated in Figs. 14 and 15. In order to 
fix accurately the boundary line of the immiscible zone, the alloys 
Nos. 96, 90, 80, 66, 55, 71, 84, 92, and 102 were cut through vertically 
and examined after being polished. They were all found to be 
homogeneous and free from two layers. The alloys Nos. 97, 67, 
70, 83, 101, 91, and 99 showed the presence of two layers. The 
top layers consisted of zinc and the ternary eutectic only, whilst 
the bottom layers showed zinc, the Bi-Zn eutectic, and the ternary 
eutectic to be present. 

In alloys lying in the area C O D W (Fig. 3) three phases, zinc, the 
Bi-Zn eutectic, and the ternary eutectic, should be present and these 
are found in Fig. 16, which is a photomicrograph of the alloy No. 94. 

The alloys lying on the C O line (Fig. 3) should consist of only 
two phases. Fig. 17, a photomicrograph of such an alloy (No. 44), 


shows only zinc and the ternary eutectic. 
4K2 
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The alloys lying in the area C Zn X O consist of the three phases 
zinc, the Sn—Zn eutectic, and the ternary eutectic. This was found 
to be the case in alloy No. 9 (Fig. 19). A photomicrograph of the 
Sn-Zn eutectic with excess of zinc is shown in Fig. 18 for comparison, 

Fig. 20 was produced from alloy No. 19 lying on the binary valley 
O X (Fig. 2). Here again only two phases were found, namely, 
the Sn-Zn eutectic and the ternary eutectic. 

Fig. 21 was photographed from the Bi-Sn eutectic. 


Summary. 


Thermal and micro-investigations of ternary alloys of bismuth, 
tin, and zinc have. been made. The system is found to contain 
a ternary eutectic of freezing point 130° and composition corre. 
sponding to 56 per cent. of bismuth, 40 per cent. of tin, and 4 per 
cent. of zinc. There is no ternary compound formed. The immis- 
cibility of bismuth and zinc, in the liquid state, disappears on the 
addition of 28 per cent. of tin to a mixture of equal weights of the 
two metals. The amount of tin required if their mixtures deviate 
from the ratio 1 : 1 is even smaller. 

Pure zinc separates out from ail alloys containing more than 
4 per cent. of zinc, except those that contain more than 75 per cent. 
of tin at the same time. In the case of the others, solid solutions are 
formed. 

If the percentage of bismuth in the alloys is increased, the freezing 
points are very little affected until the percentage exceeds 80. 
On further additions of bismuth, the freezing point is lowered to 
its melting point, with a minimum at 92 per cent. of bismuth. 

Increase in the percentage of tin in the alloys lowers their freezing 
points until the Sn—Zn binary valley is reached, after which a small 
rise to the freezing point of tin occurs. 

Addition of 0-4 per cent. of zinc to the bismuth-tin alloys lowers 
their freezing points. The minima lie in the binary valleys. The 
freezing points of the alloys vary greatly when the percentage 
of zinc lies between 4 and 25. On increasing the percentage 
of zine above 25, the freezing points of the alloys rise to that of 
pure zinc, but the variation in the freezing point with the increase 
in the percentage of zinc is not so great as before. 


In conclusion, the author wishes to express his thanks to Mr. C. T. 
Heycock, M.A., F.R.S., for the facilities provided for this research, 
and to Mr. M. Cook, M.Sc., for his valuable suggestions. 
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Fie. 10.—Alloy No. 40. Ternary 
eutectic ¥ 150. Etched in HCI-FeC|. 


Fig. 12.—Alloy No.77 x75. Unetched. 
Showing the ternary and the Bi-Zn 
eutectic. 


Fig. 14.—Alloy No. 91 x75. Unetched. 

Showing the structure of the top layer 
of the immiscible alloys. Ternary eutectic 
and Zn. 


FIG. 11.—Bi-Zn eutectic «300. Un- 
etehed. 


A 
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Fig. 13.—Alloy No. 91x 75, Unetched. 
_ Showing the boundary line of the two 
immiscible layers. 


Fig. 15.—Alloy No. 91,75. Unetcied. 
showing the structure of the bottom 

layer of the immiscible alloys. Ternary 

eutectic: white background. Bi-Zn 

eutectic: dark blocks. Free Zn: very 

dark lines. 

[70 face Trans., p. 2352). 
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FIG. 16.—Alloy No. 94 x 150. Unetched. 
Showing three phases: white ternary 
eutectic, blocks of Bi-Zn eutectic, and 
dark lines of Zn, 
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FIG. 18.—Sn-—Zn eutectic with excess 


Zn X100. Etched in alc. iodine. 


Showing two phases: Sn—Zn eutectic 
and the ternary eutectic. 


Fie. 17.—Alloy No. 44 x 100. Etched 


Showing two phases: white ternary 
eutectic and dark lines of Zn. 


_ 

FIG. 19.—Alloy_No. 9 x 150. Etched in 
alc. iodine. 

Showing three phases: Zn, Sn—Zn 

eutectic, and ternary eutectic. 


Ian 


_ FIs. 21.—Bi-Sn eutectic x 150. Etched 
in ale. iodine. 


STUDIES IN THE BENZOTHIAZOLE SERIES. PART I. 2353 


CCLX VI.—Studies in the Benzothiazole Series. Part I. 
The Pseudo-bases of the Benzothiazole Quaternary 
Salts. 


By Witt1amM Hopson MILs, Lesiiz MarsHatt CLARK, and JOHN 
ALFRED AESCHLIMANN. 


Ir was found by W. K. T. Braunholtz and one of us that in the 
isocyanine condensation, brought about by treating a mixture of 
a quinoline- and a quinaldine-alkyl salt with an alkali hydroxide, 
the quinaldine alkyl salt could be replaced by a 1-methylbenzo- 
thiazole alkyl salt, a cyanine dye with mixed nuclei thus being 
produced; but that when the corresponding replacement of the 
quinoline derivative by a benzothiazole alkyl salt was attempted 
no such dye was formed. This observation indicated that a con- 
siderable difference existed between the y-bases which result from 
the action of alkalis on the quinolinium salts and those produced 
from the quaternary salts of benzothiazole. It is shown in the 
present communication what the nature of this difference is. 

We were led to discover it through studying the oxidation of 
benzothiazole methiodide by alkaline potassium ferricyanide. If 
the methylbenzothiazolonium y-base corresponded in constitution 
with the quinolinium y-bases it would be expected to yield 2-methyl- 
benzothiazolone (I) on oxidation. ‘ 

CHi<yy.o Ce: N:NO 
0H,<\y,,>CH-OH —> C,H,<hy.>00 a (IL) 
I. -SH Cl 
") CoHs<NMen t G00 
(IITI.) 


The latter compound has already been described. It was prepared 
by Besthorn (Ber., 1910, 43, 1523) from the nitroso-compound (IJ), 
by the elimination of nitrogen by heating, and since we have 
obtained the same substance by the interaction of 2-methylamino- 
phenyl mercaptan (III) and carbony] chloride, there can be no doubt 
that Besthorn’s compound actually is the benzothiazolone. 

When, however, benzothiazole methiodide is oxidised with 
alkaline ferricyanide, a crystalline compound is formed which 
melts at 108° and is thus not the thiazolone, which melts at 76°. 
The empirical formula of this substance (C,H,ONS) contains one 
atom of hydrogen more than that of the thiazolone. Its molecular 
formula must therefore, from the laws of valency, be double the 
empirical formula, and this was verified by direct determinations 
of the molecular weight. 
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This bimolecular oxidation product was readily reconverted by 
acid reducing agents into methylbenzothiazolonium salts. Since the 
union between the two residues of the y-base can be broken in this 
manner, it is unlikely that it is effected through a carbon-carbon 
linking. The linking must therefore probably take place through 
oxygen or sulphur, and we obtained a very clear indication that it 
took place through sulphur; for when benzothiazole methiodide 
was dissolved in excess of ammonia and exposed to atmospheric 
oxidation this oxidation product of melting point 108° was slowly 
deposited, but when it was similarly treated with sodium hydroxide 
a substance was deposited which proved to be 2 : 2’-dimethylamino. 
diphenyl! disulphide (IV). The difference in composition of these 
two products indicated that the caustic alkali had brought about 
S Ss — ~) S 
CoH <HMe NHMe7 Cola * CoHs<ye-CHO CHO-NMe7 Cot 

(IV.) (V.) 


the elimination of two formyl groups. It was therefore exceedingly 
probable that the oxidation product of melting point 108° was 
2 : 2’-diformylmethylaminodipheny] disulphide (V). We were able 
to prove definitely that it had this constitution by showing that it 
was formed when 2: 2’-dimethylaminodipheny] disulphide (IV), 
prepared by oxidising the corresponding mercaptan, was formylated 
by boiling with formic acid. 

After we had thus determined the constitution of this product, 
we found that it had already been obtained by Rassow, Dohle, 
and Reim (J. pr. Chem., 1916, [ii], 93, 183) whilst studying the 
oxidation of a substance the constitution of which they were 
unaware, but which is shown in the following communication to 
be thio-2-methylbenzothiazolone. Rassow, Déhle, and Reim sug- 
gested the constitution (V) for this compound, but whilst they 
showed that formic acid was produced when it was boiled with 
dilute acids, and that methylaniline, methylaminophenyl mer- 
captan, and formic acid were formed when it was fused with potash, 
they did not establish this formula definitely. 

The y-base by the oxidation of which this disulphide is produced 
is clearly the mercaptan of the formula VI. This is isomeric with 
the ammonium base of the benzothiazole methyl quaternary 
salts (VII) and with the carbinol base (VIII) corresponding in 
constitution with the y-bases of the alkylquinolinium salts. 


SH s—. — 
(VI.) (VII.) (VIII.) 


Investigation of the action of alkalis on benzothiazole methiodide 


de 
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and methosulphate has fully confirmed the conclusion that the 
y-base of these salts is formylmethylaminopheny! mercaptan. 

A dilute solution of the methiodide can be titrated with 
y/10-sodium hydroxide and phenolphthalein, and a definite end- 
point is obtained when two equivalents of alkali have been added. 
The “ ~-base ”’ must therefore be an acidic compound, capable of 
forming a sodium salt which is so little hydrolysed that it can be 
titrated with N/10-alkali and phenolphthalein.* The reaction 
between benzothiazole methiodide and sodium hydroxide accord- 
ingly proceeds as follows : 


(H<Nanen 2 CH + 2NaOH = C,H,<yyp, CHO + Nal + 1,0. 


The solution of the y-base thus obtained can then be titrated back 
again with decinormal acid and methyl-orange, and a well-marked 
end-point obtained when two equivalents of acid have been added. 
The neutral solution of the sodium salt of the y-base is thus recon- 
verted into a neutral salt of the quaternary ammonium base. By 
adding the necessary quantity of hydriodic acid to a solution of 
the sodium salt, we were able to recover a large proportion of the 
benzothiazole methiodide originally taken. This explains why 
diformylmethylaminodipheny] disulphide is reconverted into methyl- 
benzothiazolonium salts by reduction in presence of acids. 


-——— 2H SH HX 
(CHs<NMe-cHO), —> CH yye’“CHO —> 
CoHy<aypex> CH + H,0. 


When only one equivalent of sodium hydroxide is added to a 
solution of benzothiazole methiodide, half the methiodide remains 
unchanged and half an equivalent of the sodium salt of the y-base 
is formed, for ether extracts only a very small amount of material 
from the solution, and this probably only on account of slight 
hydrolysis of the sodium salt. 

The solution of the sodium salt of the y-base shows the properties 
to be expected of a salt of a thiophenol. It gives immediate pre- 
cipitates with salts of the heavy metals. The silver mercaptide 
obtained in this way gave results on analysis in agreement with 
the formula IX. When the solution of the sodium salt is treated 


* The electrolytic dissociation constants of the thiophenols seem not to 
have been determined; but in view of the well-known increase in the acidity 
of a compound consequent upon the replacement of oxygen by sulphur, phenyl 
mercaptan must be an acid of considerably greater strength than phenol, 
and we find that it can, in fact, be sharply titrated in aqueous alcoholic solution 
with N /10-alkali and phenolphthalein, 
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with benzoyl chloride and alkali, a stable benzoyl derivative, 
C,;H,,0,NS, is formed. This clearly has the formula X. 
SAg S-COPh 
OX) CHS Me-CHO CHs<ymecHo “ 

The solution is also oxidised to the disulphide by other oxidising 
agents which convert mercaptans into disulphides. When a solv. 
tion of iodine is added gradually, the drops are immediately 
decolorised, the disulphide being precipitated, until a sharply 
marked end-point is reached. The amount of iodine thus added 
is in exact agreement with the equation 


20H<NMe-cHo + 2 = (CH.<Note-cHo), + anal. 
Hydrogen peroxide acts similarly; when added to the cold solution, 
it causes an immediate precipitation of the disulphide, and oxid. 
ation in this manner provides the best method for preparing the 
compound. 

Whilst the presence of the thiophenolic y-base (VII) (in the form 
of its sodium salt) is thus sufficiently established, we have also 
obtained evidence of the formation, as an intermediate product, 
of the carbinolic y-base (VIIT). When benzothiazole methiodide 
was added to an alkaline solution of hydrogen peroxide, so that 
the transformation of the ammonium base took place in presence 
of an oxidising agent, a small amount of 2-methylbenzothiazolone 
(I) was always produced. This can scarcely be formed otherwise 
than by oxidation of the carbinolic y-base (VIII). 

If the carbinol, as this indicates, forms an intermediate step 
between the ammonium base and the thiophenolic y-base when 


benzothiazole methiodide is treated with alkali, it is probable thatfi 


it is also an intermediary in the retransformation of the thiophenolic 
y-base into benzothiazole methyl salts by acids. 
On this view, the small amount of free y-base existing in 4 


solution of benzothiazole methiodide to which alkali has re Th 


added would consist of a mixture of thiophenolic and carbinolic 
w-bases in dynamic equilibrium : 


SH is phages: 
NMe-CHO = CeHs<yy,>CH-OH. 


C,H, 

On addition of alkalis, the former is removed as its sodio- 
derivative; on addition of acids, the latter is converted into the 
corresponding benzothiazole quaternary salt. 
In studying quantitatively the reduction of 2 : 2’-diformyl- 


methylaminodipheny! disulphide by zinc and hydrochloric acid iff; 


was found that more hydrogen was absorbed than corresponded 
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with the formation of benzothiazole methochloride. Moreover, we 
were able to separate from the tin salts obtained by reducing the 
disulphide with tin and hydrochloric acid a more soluble fraction 
which, treated with excess of sodium hydroxide, gave, not the 
wluble sodium salt of the thiophenolic y-base, but an oil insoluble 
in alkalis. This indicated the formation in the reduction of a 
certain amount of a more highly reduced product, presumably 
?methylbenzothiazoline. We then found that this base can be 
easily prepared by reducing benzothiazole methiodide with zinc 
ad hydrochloric acid. It is a liquid which resinifies on keeping. 
It is oxidised by iodine to benzothiazole methiodide and contains 
areactive methylene group, for it condenses with nitrosodimethy]l- 
miline to give a colourless compound to which the formula 


<a, >C:N:C,H,'NMe, must be assigned. 


EXPERIMENTAL. 


Action of Alkalis on Benzothiazole Methiodide.—An aqueous solu- 
tion of benzothiazole methiodide, titrated with sodium hydroxide 
solution and phenolphthalein, required 2 molecular proportions of 
the alkali for neutralisation. When the resulting solution was 
titrated with methyl-orange and hydrochloric acid, an end-point 
was obtained when two equivalents of acid had been added (0277 
gram of benzothiazole methiodide required 20°0 c.c. of 0°-1N-NaOH. 
(alc. 20°0 c.c. For the back titration, 20°27 c.c. of 0°1N-HCl were 
required). 
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To show that the reacidification regenerated the benzothiazole 
quaternary salt, benzothiazole methiodide (2°5 grams) was treated 
with N-sodium hydroxide (18 c.c.; 2 equivalents). To the result- 
ing neutral solution 4 grams of a 57 per cent. solution of hydriodic 
acid were added. The mixture was concentrated to 10 c.c., when 
benzothiazole methiodide (2°12 grams), melting alone or mixed 
with pure benzothiazole methiodide at 210°, was obtained. 

The Silver Mercaptide of the ~-Base—To obtain this substance 
benzothiazole methosulphate was required. This was prepared by 
nixing equivalent quantities of benzothiazole and methyl sulphate. 
The mixture became completely solid after one and a half hours. 
The product was digested with ether and the residue was crystal- 
lised from a mixture of alcohol and ether. It formed colourless, 
deliquescent needles, m. p. 103°, giving a neutral solution in water 
(Found: S = 24:40. C,H,,0,NS, requires S = 24°52 per cent.). 

A neutral solution of the sodium mercaptide of the y-base was 
prepared by mixing a solution of the quaternary salt (0°52 gram) 


in water (20 c.c.) with two equivalents of sodium hydroxide (40 c.c. 
4 K* 
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of a 0°1N-solution). This was treated with one equivalent of 
silver nitrate (20 c.c. of a 0°1N-solution), corresponding smal] 
volumes of the two solutions being run alternately into 20 c.c. of 
water with rapid stirring. The resulting cream-coloured pre. 
cipitate of the silver mercaptide was collected, washed, and dried, 
It melted and decomposed at 145—150°, beginning to darken at 
105° (Found: C= 343; H=29; Ag=39°4. CgH,ONSAg 
requires C = 35:0; H = 2°9; Ag = 39°5 per cent.). 

Benzoylation of the ~-Base of Benzothiazole Methiodide.—Benz. 
thiazole methiodide (3 grams) was dissolved in water and 10 per 
cent. sodium hydroxide solution (9 c.c.) added. Benzoyl chloride 
(1°5 grams) was added gradually with constant shaking and the 
pasty substance which separated was extracted with ether. The 
residue left after evaporation of the ether, crystallised from light 
petroleum, formed colourless plates, m. p. 71°5—72° (Found: 
C = 66:68; H=487; N=503. C,;H,,0,NS requires C= 
66°42; H = 4:80; N = 5:16 per cent.). . 

Oxidation of the Methyl -Base. 2: 2'-Diformylmethylamino. |, 4 
diphenyl Disulphide.—A. Oxidation with Potassium Ferricyanide. Aq 
cold saturated aqueous solution of benzothiazole methiodide 
(25 grams) was added gradually to an ice-cold solution of potassium J 9.9} 
ferricyanide (125 grams) in water (1 litre) containing sodium hydr- J , 
oxide (67 grams). A nearly colourless pasty solid was precipitated. 
The mixture was stirred at 0° for one hour after the addition was  (), 
complete. The product was collected, washed with water, and, D 
after drying, was dissolved in benzene and precipitated by the 


was 
addition of ether as fine platelets, m. p. 108°. Yield: 6—9 grams, § ,,. 
or 40—60 per cent. of the theoretical [Found: C = 57°9, 57°9; kee} 


H = 4:97, 4:97; N = 8°45; = 19°35; M (cryoscopically in 
camphor; Rast, Ber., 1922, 55, [B], 1051) = 357, 326, 350, 336, 323. Afte 
C,H 1¢0.N,S, requires C = 57°38; H = 4°82; N = 8:42; S= 19279 4, 
per cent.; M = 332]. Vv 

B. Oxidation with Hydrogen Peroxide. A nearly saturated 


acid 
aqueous solution of benzothiazole methiodide (12°5 grams) was J ,,., 
mixed with one equivalent of sodium hydroxide (45 c.c. of 49 mot 


N-solution) and the mixture was added gradually at room tem- (15 
perature to a 34 per cent. solution of hydrogen peroxide (60 c.c.). 
The pasty product precipitated was washed with a little cold 
alcohol and purified in the manner described above. Yield 4:2—5 J y - 
grams, 56—67 per cent. of the theoretical quantity. N = 

It was possible to modify the conditions so that a small quantity 
of 2-methylbenzothiazolone was produced. Benzothiazole meth- ] g¢7 
iodide (2°5 grams), dissolved in water (20 c.c.), was run slowly into 
a well-stirred mixture of 3°5 per cent. hydrogen peroxide solution pot 
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(12 c.c.) and 10 per cent. sodium hydroxide solution (10 c.c.). 
Temperatures of 0—15° were employed without altering the result. 
The product was extracted with ether and the residue left on 
evaporation of the ether was distilled in steam. From the dis- 
tilate, small quantities of 2-methylbenzothiazolone (0°05—0°2 
gram) crystallised on standing, melting at 75—76°, alone or 
mixed with the pure thiazolone. 

Synthesis of 2-Methylbenzothiazolone.—o-Aminopheny| mercaptan 
(‘3 grams) was dissolved in toluene (10 c.c.). To the ice-cold 
solution was added carbonyl chloride (0°455 gram) dissolved in 
toluene. Aminophenyl mercaptan hydrochloride, which was rapidly 
precipitated, was filtered off and the toluene was removed from the 
filtrate by distillation in steam. The product left was taken up in 
ether, and the dried solution evaporated. The residue, crystallised 
from light petroleum, gave colourless platelets melting at 76°. 
2.Methylbenzothiazolone, prepared by the method of Besthorn 
(loc. cit.), melts at 76°, and the mixture of the two products melted 
at the same temperature. 

C. Oxidation with Iodine. The sodium salt of the “ y-base ” is 
oxidised quantitatively by iodine to the disulphide. A solution of 
02124 gram of the methiodide in water (10 c.c.) was treated with 
2 equivalents of 0°1N-sodium hydroxide, and the resulting neutral ’ 
solution titrated with a 0°1N-iodine solution. Required 7°50 c.c. 
Cale. 7°66 c.c. 

D. Atmospheric Oxidation. Benzothiazole methiodide (2°5 grams) 
was dissolved in water and a 10 per cent. ammonia solution (10 c.c.) 
was added. A slight immediate turbidity was produced. On 
keeping in the dark, crystals of 2 : 2’-diformylmethylaminodiphenyl 
disulphide were gradually formed at the surface of the liquid. 
After crystallisation from alcohol, these melted at 107°, and at 
the same temperature after mixture with the pure disulphide. 

When sodium hydroxide was used instead of ammonia, formic 
acid was eliminated and 2 : 2’-dimethylaminodiphenyl disulphide 
was produced instead. To an aqueous solution of benzothiazole 
methiodide (5 grams) a 10 per cent. solution of sodium hydroxide 
(15 c.c.) was added and the mixture was kept in the dark. Crystals 
appeared at the surface as before, but they were yellow, and after 
crystallisation from alcohol melted at 69—71° (Found: C = 61:0; 
H=60; N= 102; = 23°44. Cale., C= 609; H = 5°80: 
N= 10715; S = 28-2 per cent.). Dimethylaminodiphenyl disul- 
phide was described by Harries and Lowenstein (Ber., 1894, 27, 
867) as melting at 67—68°. A specimen of this substance, pre- 
pared by oxidising o-methylaminophenyl mercaptan (from the 


potash fusion of 2-methylthiobenzothiazolone), melted at 69—70°5° 
4K*2 


2360 MILLS, CLARK, AND AESCHLIMANN : 


after purification by repeated crystallisation from alcohol and then 
from light petroleum, and a mixture of this with the above. 
described product melted at the same temperature. 

Synthesis of 2: 2'-Diformylmethylaminodiphenyl Disulphide— 
Dimethylaminodipheny] disulphide (0°3 gram) was boiled for four 
and a half hours with 90 per cent. formic acid (5 c.c.). The mixture 
was poured into water, when a colourless oil was precipitated. This 
was taken up in ether, and the ethereal solution washed with dilute 
sulphuric acid and then with sodium carbonate solution and dried 
with potassium carbonate. The residue left on evaporation of 
the ether was taken up in light petroleum, b. p. 60—80°. This 
solution, on cooling, deposited at first a gummy material, but after 
removal from this, and rubbing with a glass rod, the formy] deriv. 
ative separated in crystalline form. After recrystallisation from 
light petroleum, it was obtained as small platelets melting at 
106°5—107°5° and showing no depression of melting point after 
mixture with the pure disulphide (Found : = 19°46. Calc., 
S = 19-28 per cent.). 

Reduction of 2: 2'-Diformylmethylaminodiphenyl Disulphide.— 
The disulphide (2 grams) was dissolved in concentrated hydrochloric 
acid (10 c.c.), and granulated tin (2 grams) was added gradually. 
On standing after solution of the tin, a mixture of crystalline double 
tin salts was deposited. These were dissolved in hot dilute hydro- 
chloric acid and freed from tin with hydrogen sulphide. The 
solution was evaporated and the perfectly dry residue, crystallised 
from ether-alcohol, yielded pure benzothiazole methochloride, 
m. p. 190° (Found: C= 515; H=44; Cl= 18°96. Calc., 
C=517; H=43; Cl= 1913 per cent.). To establish con- 
clusively the identity of this reduction product with benzothiazole 
methochloride, a series of benzothiazole methyl salts was prepared 
from it and compared with those obtained directly from benzo- 
thiazole. 

Picrate. Bright yellow, flat needles, m. p. 155—157°, not 
depressed by addition of pure benzothiazole methopicrate pre- 
pared from picric acid and the methiodide (Found: N = 14%. 
C,,H,,0,N,S requires N = 14°8 per cent.). 

Stannochloride. Colourless needles, m. p. 145—147°, not de- 
pressed by addition of the stannochloride prepared from pure 
benzothiazole methochloride (Found: Cl= 281; Sn = 31°48. 
C,H,NSCI,SnCl, requires Cl = 28°4; Sn = 31°68 per cent.). 

Zincichloride. Colourless prisms, m. p. 258°5—260°, not de- 
pressed by addition of the pure salt from benzothiazole metho- 
chloride [Found: Cl = 28:16; S = 12°83. (C,H,NCIS),,ZnCl, 
requires Cl = 28:0; S = 12°62 per cent.]. 
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2-Methylbenzothiazoline, CoH,<S 5), > CH2.—Benzothiazole meth- 


iodide (14 grams) was dissolved in concentrated hydrochloric acid 
(100 c.c.), and zinc (30 grams) added gradually to the hot solution. 
After the zinc had dissolved, excess of ammonia was added to the 
cold solution and the base was extracted with ether. The dried 
ethereal residue was distilled under diminished pressure. 2-Methyl- 
benzothiazoline was thus obtained as a colourless oil of characteristic 
sweet odour, b. p. 163—165°/50 mm. (Found: C = 63°8, 63°7; 
H = 6:2, 61. C,H,NS requires C = 63°6; H = 6:0 per cent.). 

Methylbenzothiazoline is oxidised by iodine to benzothiazole 
methiodide. The base (1 gram) and anhydrous sodium acetate 
(05 gram) were dissolved in absolute alcohol (20 c.c.). Iodine 
(1°68 grams) was added in small portions to the hot solution. After 
the solution had been decolorised with sulphur dioxide, the alcohol 
was evaporated and the residue crystallised from water. From the 
benzothiazole methiodide thus obtained the pure picrate was pre- 
cipitated with picric acid. It melted at 155—156°5° and at the 
same temperature after mixture with pure benzothiazole metho- 
picrate (Found: N = 14°8. Calc., N = 14'8 per cent.). 

Condensation with Nitrosodimethylaniline.—2-Methylbenzothiazo- 
line (1°7 grams) was heated with nitrosodimethylaniline (1-7 grams) 
and four drops of glacial acetic acid for five hours at 100°. The 
product crystallised after standing for several days. It was washed 
with ether and crystallised from alcohol. Colourless needles, m. p. 
127° (Found: C=678; H=602; N=145. (C,,H,,N,S 
requires C = 67°85; H = 6:0; N = 14:11 per cent.). 

Oxidation of the Ethyl y-Base. 2 : 2’-Diformylethylaminodiphenyl 
Disulphide—A solution of benzothiazole ethiodide (70 grams) in 
water (700 c.c.) was added gradually to a well-stirred solution of 
potassium ferricyanide (340 grams) in a 5 per cent. solution of 
sodium hydroxide (2700 c.c.), kept at 0°. The pasty product, 
crystallised from alcohol, gave the pure disulphide as colourless 
needles, m. p. 114—115° (Found: C = 59°8, 60°5; H = 5:7, 5°6. 
C,H 90,N.S, requires C = 60°0; H = 5°6 per cent.). 

The disulphide is also formed when a solution of benzothiazole 
ethiodide in excess of sodium hydroxide is exposed to atmospheric 
oxidation, no elimination of the formyl groups being brought 
about as occurs when the methiodide is treated in the same way. 
Benzothiazole ethiodide (9°3 grams) was dissolved in water, a 
10 per cent. solution of sodium hydroxide (15 c.c.) added, and the 
mixture kept in the dark for three weeks. A colourless, crystalline 
deposit formed at the surface of the liquid. Recrystallised from 
alcohol, this melted at 114—115° and at the same temperature 


Sema 
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after mixture with pure 2: 2’-diformylethylaminodiphenyl di. 
sulphide (Found: N = 7°58. Calc., N = 7°66 per cent.). 

Reduction of 2 : 2’-Diformylethylaminodiphenyl Disulphide.—The 
disulphide (5 grams) was dissolved in concentrated hydrochloric 
acid (20 c.c.), and tin (4 grams) added gradually to the hot solution, 
On cooling, an abundant crystallisation of tin salts took place, 
These were collected, dissolved in dilute hydrochloric acid, and 
freed from tin with hydrogen sulphide. The filtrate from the tin 
sulphide was evaporated and this residue crystallised from ether- 
alcohol. Pure benzothiazole ethochloride was thus obtained, m. p. 
216° (Found: Cl=180; S=16:25. Cale. Cl=178; S= 
16:07 per cent.). 


One of us (L. M. C.) desires to express his indebtedness to the 
Department of Scientific and Industrial Research for a grant 
which enabled him to take part in this work. 
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CCLX VII.—Studies in the Benzothiazole Series. Part II. 
Thio-2-methylbenzothiazolone and its Oxidation 
Products. 


By Wit.1am Hopson Mitts, Lestiz Marsway CiarK, and Jou“Nn 
ALFRED AESCHLIMANN. 


In preparing benzothiazole for use in various investigations, the 
method described by Méhlau and Krohn (Ber., 1888, 24, 59) of 
heating dimethylaniline with sulphur was employed. Our attention 
thus became directed to a crystalline by-product of the composition 
C,H,NS, which is produced in this reaction in very considerable 
quantity and is of interest since it forms an intermediate stage in 
the production of benzothiazole, for it was shown by Mohlau and 
Krohn to give benzothiazole when further heated with sulphur. 
Méhlau and Krohn assigned to it the constitution I, and this 
formulation was retained, after further discussion, by Méhlau and 
Klopfer (Ber., 1898, 31, 3164). The substance was ag&in investigated 
by Rassow, Déhle, and Reim (J. pr. Chem., 1916, [ii], 93, 183). 
They also regarded their results as harmonising with Méhlau’s 
ormula, and they named the substance benzothiazolmethensulfid. 


Sos (IT.) 
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In view, however, of the properties of the compound and of the 
manner in which it is formed such a constitution is manifestly 
improbable. It seemed to us that the substance was much more 
likely to be thio-2-methylbenzothiazolone (IT). 

This view of its constitution proved to be correct, for we find 
that it can be synthesised in a simple manner which leaves no 
doubt as to its structure. It is formed by the interaction of o- 
methylaminophenyl mercaptan and thiocarbonyl chloride. The 
formation of a substance of the formula C,H,NS, from these reagents 
can only take place as follows : 

CH.< Swen to cS —> (IL) +2HCl. 
This proof of the constitution is confirmed by another method of 
formation. The compound is obtained when 1-nitrosoimino-2- 
methylbenzothiazoline (which, heated in an indifferent solvent, 
gives nitrogen and the thiazolone) is heated with phosphorus 
pentasulphide : 


Fi >c:N-NO _P. (IL) + Np. 


It is also formed by the action of phosphorus pentasulphide on 
2; 2’-diformylmethylaminodiphenyl! disulphide. 

The reactions of the substance further confirm this view of its 
constitution. When the more mobile of the two sulphur atoms 
which it contains is replaced by oxygen, as can be done, either by 
heating the alcoholic solution with mercuric oxide, or by treating 
the substance with bromine water (compare Rassow and Reim, 
J. pr. Chem., 1916, [ii], 93, 232), eran results : 


qi) —. ¢ a<® NMe ie OD, 


Now that the constitution of this product is known the action of 
sulphur on dimethylaniline can be very simply represented. Writing 
dimethylaniline in the form ITI, it is seen that the formation of the 
thiothiazolone consists in the replacement of each of the two pairs 


ieee lly > ON Gae DOR | 0; H,<y>¢H 
CH, 


(III.) (IV.) 
of hydrogen atoms shown in clarendon type by an atom of sulphur. 
This formula also enables the oxidation of the substance, which 
was studied by Méhlau and Rassow and their pupils, to be simply 
interpreted. Méhlau and Krohn (loc. cit.) found that the thiothi- 
azolone was easily oxidised by nitric acid. One atom of sulphur 
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was removed as sulphuric acid and the nitrate of a base was formed. 
They were unable to obtain the base from this nitrate, but they 
prepared and analysed the chloroplatinate and found that thei 
analytical results were in agreement with those which would be 
required by the chloroplatinate of a base of the formula IV. They 
accordingly assigned this formula to the base, naming it iso. 
methylbenzothiazole. Méhlau and Klopfer (loc. cit.) re-examined 
the salts obtained by oxidation of the thiothiazolone. By treating 
the sulphate in alcoholic solution with the equivalent quantity 
of potassium hydroxide, they succeeded in isolating a very small 
quantity of a base melting at 202° and giving analytical results 
in accordance with formula IV. This base, iso-u-methylbenzo. 


thiazole, was also prepared by Rassow, Déhle, and Reim (loc. cit.), | 


who succeeded in obtaining it in considerable quantity. 

We had concluded from the difficulty which Méhlau and his pupils 
had experienced in isolating a base corresponding with the salts which 
they had obtained that these must be derived from a quaternary 
base and that the base which they actually isolated was only 
a subsidiary product. Investigation showed that this conclusion 
was correct. 

The product obtained by oxidising the thiothiazolone with 
dilute nitric acid consists, at any rate to a very large extent, of the 
methonitrate of benzothiazole (VI) mixed with a smaller quantity 
of the corresponding bisulphate. The chloroplatinate which this 
product gives is identical with benzothiazole methochloroplatinate, 


(CH<Nye> C4) PtCl,—this has the same composition as the 
2 
chloroplatinate of a base of the formula suggested by Modhlau, 


(car<S>cn EPC would have—and the picrate and the 

™~CH, 
perchlorate precipitated from the aqueous solution of the product 
are the methopicrate and the methoperchlorate of benzothiazole. 
The oxidation of the thiothiazolone can be carried out even more 
smoothly with hydrogen peroxide. The product is then pure 
benzothiazole methyl hydrogen sulphate. 

The product obtained by Rassow, Déhle, and Reim was 
probably a mixture, for, when treated with ammonia, it deposited 
an oil from which iso-u-methylbenzothiazole could be isolated. 
The greater part, however, consisted of methylbenzothiazo- 
lonium salts, for they state that it dissolved in ammonia and 
the solution on keeping slowly deposited 2 : 2’-diformylmethyl- 
aminodipheny! disulphide. It was thus that Rassow, Déhle, and 
Reim discovered this compound. Evidently the ammonia con- 
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verted the quaternary salts into the ammonium salt of the thio- 
phenolic y-base, as we have shown in the preceding paper, and this 
was then gradually oxidised to the disulphide by atmospheric 
oxygen. 

The way in which the thiothiazolone on oxidation yields benzo- 
thiazole methyl salts and sulphuge acid can be readily explained. 
The thiothiazolone has distinct, although very weak, basic pro- 
perties; it forms a chloroplatinate (Méhlau and Klopfer, loc. cit.), 
a methiodide, and an ethiodide (Rassow, Déhle, and Reim, loc. cit.). 

On treatment with nitric acid, it must therefore form a salt which, 
from analogy with the évident constitution of the alkiodides, will 
have the formula V. 


CH < Ra CS > CH.<SG, > CSH —> C,H,.<Sy, > CH 
(v.) NO, (v1. NO, 
The action of nitric acid accordingly consists in the replacement 
of the thiol group in this salt by hydrogen. 
The thiol group in the complex VII thus shows the same behaviour 


when oxidised with nitric acid as is characteristic of this group 
when present in the somewhat similar complex VIII. 


Src. ‘S 1 en :N 
NMe7CSH — ye? CH INoCSH —> 1y>CH 
NO, (VIL) NO, (VIII.) 


The property of a thiol group, in the latter complex, of being 
eliminated by oxidation with dilute nitric acid was discovered by 
Wohl and Marckwald (Ber., 1889, 22, 575), who found that pheny]l- 
iminazolyl mercaptan could be converted in this manner into pheny]l- 
iminazole, and it has since been not infrequently employed for 
eliminating this group from heterocyclic compounds (Ber., 1889, 
22, 1359; 1892, 25, 2361; 1893, 26, 2204; Annalen, 1904, 331, 68). 

The discovery of the true nature of “ benzothiazolmethen- 
sulphid ” and its oxidation products removes most of the difficulties 
which Rassow, Déhle, and Reim, and also Rassow and Reim, found 
in interpreting the behaviour of the sulphonic acids derived from 
these compounds and of the corresponding derivatives of tolu- 
thiazole. 

We have also obtained further information respecting iso-p- 
methylbenzothiazole. We have been able to identify it with a 
base melting at 204° which we have obtained in various ways from 


(1) (2) 
compounds containing the grouping S:C,H,-NMe. This base has 
the formula C,,;H,,N,S,. Its composition thus differs somewhat 
from that assigned by Méhlau and Rassow and their pupils to iso- 
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p-methylbenzothiazole (C,H,NS). It is most easily prepared by 
heating 2 : 2’-diformylmethylaminodipheny] disulphide with phenyl. 
hydrazine. This reaction involves the elimination of one of the 
two formyl groups from the disulphide, for the phenylhydrazine 
is converted into its formyl derivative. Since, in addition to the 
two residues ‘NMe-C,H,°S:, the molecule of the base contains only 
a single carbon atom, it can scarcely have any other constitution 
than that represented by the formula IX. 
CHR CNet CoH > CSN E> Cath 
(IX.) : (X.) 

We have been able to confirm this constitution by synthesis. 
ing the compound from _1-nitrosoimino-2-methylbenzothiazoline 
(Besthorn, Ber., 1910, 43, 1523) and o-aminophenyl mercaptan, 
condensation taking place very readily when the two substances 
are heated together : 


i en 
CoH Me -H + ON N==C<yMe? CoH — 
K s— 
CoH ye? Cy CoH 


The product is probably a racemic form, since a spirocyclic compound 
of this structure should exist in two enantiomorphous modifications 
(compare Mills and Nodder, T., 1921, 119, 2094). 

The corresponding diethyl derivative (X) has been prepared in a 
similar manner by heating the diethyl disulphide with phenyl- 
hydrazine. 

EXPERIMENTAL, 

Synthesis of Thio-2-methylbenzothiazolone from o-Methylamino- 
phenyl Mercaptan and Thiocarbonyl Chloride.—o-Methylaminopheny! 
mercaptan (Harries and Léwenstein, Ber., 1894, 27, 861) (1-95 
grams) was dissolved in chloroform (10 ¢.c.) and treated with a 
solution of thiocarbonyl chloride (0-6 c.c.) in chloroform (5 c.c.) 
at 0°. The mixture, after standing for sixteen hours, was warmed 
for one hour and then washed with dilute hydrochloric acid. After 
being shaken with warm sodium hydroxide solution to destroy 
unchanged thiocarbony! chloride, the solution was dried, and the 
crystalline residue left after evaporation of the solvent recrystallised 
several times from alcohol. It was thus obtained in colourless 
needles, m.p. 90°. The “ benzothiazolmethensulfid ” of Médhlau 
and Krohn was described as melting at 89°, but by recrystallisation 
the melting point can be raised to 90°, and a mixture of the purified 
substance with the synthesised thiothiazolone melted also at this 
temperature. 
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Thio-2-methylbenzothiazolone from 1-Nitrosoimino-2-methylbenzo- 
thiazoline.—The nitroso-compound (10 grams) was mixed with 
phosphorus pentasulphide (10 grams) and heated at 110—120°, 
when a vigorous reaction began and was completed in a few moments. 
The product was extracted with benzene and the solution digested 
with copper powder. After removal of the benzene and crystallisa- 
tion from alcohol, pure thio-2-methylbenzothiazolone was obtained 
melting at 90° (Found: S = 35-1, 35-33. C,H,NS, requires 
§ = 35-36 per cent.). 

Thio-2-methylbenzothiazolone from 2: 2’-Diformylmethylamino- 
diphenyl Disulphide—A mixture of the disulphide (1 gram) with 
phosphorus pentasulphide (1 gram) was heated at 100°. When 
fusion began, a vigorous reaction started and was completed by 
heating for several minutes. The product was extracted with 
benzene and purified as before. The melting point and the “ mixed 
melting point’’ with purified ‘‘ benzothiazolmethensulfid ’’ were 
90° (Found: C = 52:5; H= 3-96; N =7-:72; S = 35-4, 35-36. 
(,H,NS, requires C = 53:04; H=387; N=79; S = 35-36 
per cent.). 

Conversion of Thio-2-methylbenzothiazolone into 2-Methylbenzo- 
thiazolone.—(a) By Mercuric Oxide. The thiothiazolone (10 grams), 
dissolved in boiling absolute alcohol (200 c.c.), was digested with 
freshly precipitated mercuric oxide for four hours. The solution 
was concentrated and unchanged thiothiazolone allowed to crystal- 
lise. The filtrate was evaporated and the residue distilled in 
steam. A small quantity of 2-methylbenzothiazolone crystallised 
from the distillate. Recrystallised from light petroleum, it melted 
at 76°, and the mixture with pure 2-methylbenzothiazolone 
(Besthorn, loc. cit.) melted at the same temperature (Found : 

= 19-7. Cale., S = 19-4 per cent.). 

(b) By Bromine Water. Finely powdered 2-methylbenzo- 
thiothiazolone (5 grams) was shaken with bromine water, addition 
of bromine being continued until it persisted after standing for half 
an hour. The slightly red solid thus formed was freed from excess 
of bromine with sulphur dioxide and then treated with hydrochloric 
acid (d 1-18), which dissolved the thiazolone and left the thio- 
thiazolone. The solution was precipitated by dilution with water 
and the product crystallised from aqueous alcohol and then from 
light petroleum. It melted at 75° and after mixture with pure 
2-methylbenzothiazolone (m. p. 76°) at 75—76° (Found: C = 58-2; 
H = 4-2. Cale., C = 57-9; H = 4-2 per cent.). 

Oxidation of Thio-2-methylbenzothiazolone.—The thiothiazolone 
(10 grams) was added gradually to a mechanically stirred mixture 
of nitric acid (d 1-4; 20 c.c.) and water (10 c.c.), the temperature 
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being kept below 12°. Crystals separated towards the end of the 
reaction and after keeping at 0° for two hours the mixture became 
semi-solid. The solid collected, washed with ether-alcohol, and 
dried, weighed 12-1 grams. It was found to be a mixture of benzo. 
thiazole methonitrate with a little benzothiazole methobisulphate. 
This was established by the preparation from it of a number of 
characteristic methylbenzothiazolonium salts. 

Picrate.—Precipitated by a saturated aqueous solution of picric 
acid. M. p. 155—157°. Mixed m. p. with pure benzothiazole 
methopicrate 155—157°. 

Chloride.—The picrate was decomposed with hydrochloric acid 
and the picric acid removed by extraction with amy] alcohol and 
then with ether. The aqueous solution was evaporated and the 
dried residue crystallised from ether-alcohol (Found: Cl = 19-14. 
Cale., Cl = 19-13 per cent.). 

Chloroplatinate—Prepared from the chloride. M. p. 257° (Found: 
Pt = 27-39. C,gH,,N,S.,PtCl, requires Pt = 27-54 per cent.) 
(Compare Méhlau and Klopfer, loc. cit.). 

Iodide.—Prepared by precipitation from the chloride by addition 
of potassium iodide. M. p. 209°. A mixture with pure benzo- 
thiazole methiodide (m. p. 210°) melted 209—210° (Found: 
I = 46-0. Calce., I = 45-85 per cent.). 

The oxidation product was recrystallised from ether-alcohol 
and analysed. The results were in accordance with those which 
would be required for a mixture of 96-4 per cent. of benzothiazole 
methonitrate and 3-6 per cent. of benzothiazole metho-hydrogen 
sulphate (Found: NO, = 28-5; SO, = 1-44. Cale., NO, = 28-2; 
SO, = 1-40 per cent.). These analyses were confirmed by titrating 
the substance with sodium hydroxide and phenolphthalein, and 
then with iodine, when the behaviour characteristic of the alkyl 
benzothiazolonium salts (see preceding communication) was observed 
(Found: 0-2236 required 21-5 c.c. of 0-1N-sodium hydroxide 
solution and 10-25 c.c. of 0-1N-iodine solution. Calc., 21-3 c.c. 
of sodium hydroxide and 10-5 c.c. of iodine solution). 

Oxidation of Thio-2-methylbenzothiazolone with Hydrogen Perowite. 
—The thiothiazolone (4 grams) was dissolved in acetone and to 
the warm solution 28 per cent. hydrogen peroxide (2-8 c.c.) was 
added. A colourless oil separated which was removed after twenty- 
four hours. This was dissolved in alcohol, and the solution, on 
standing, deposited benzothiazole metho-hydrogen sulphate in 
colourless needles, m. p. 167—168°. Yield 1 gram (Found: 
C=389; H=37; N=574; S=262. C,H,NS-HSO, 
requires C= 38:9; H=36; N=5-66; S = 25-9 per cent. 
0-2272 required 5-60 c.c. of 0-5N-sodium hydroxide. Calec., 5-52 
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¢c.). ‘There was recoyered from the acetone solution 1-5 grams 
of unchanged thiothiazolone. 

Bis-2-ethylbenzothiazoline-1 : 1-spiran.—2 : 2’-Diformylethylamino- 
diphenyl disulphide (10 grams) and phenylhydrazine (6 grams) 
were heated together at 100° for ten hours, when ammonia was 
evolved. The residue, which solidified on standing, was distilled 
vith steam to remove unchanged phenylhydrazine. From the 
aqueous layer in the distillation flask colourless crystals, m. p. 144°, 
separated on cooling. These were shown to be formylphenyl- 
hydrazine (Found: N = 20-3. Calc., N = 20-6 per cent.). The 
melting point of a mixture of this substance with pure formylpheny]l- 
hydrazine, prepared as described by Just (Ber., 1886, 19, 201), 
was 144° and the characters of the two substances were identical. 

The oily residue from the steam distillation crystallised from 
alcohol in colourless plates, m. p. 136° (Found: C = 64-66, 64-99; 
H= 5-81, 589; N=9-19. C,,H,,N,S, requires C = 64-97; 
H= 5-73; N = 8-92 per cent.). The substance is insoluble in 
water, but dissolves readily in dilute hydrochloric acid. 

Bis-2-methylbenzothiazoline-1 : ]-spiran.—2 : 2’-Diformylmethyl- 
aminodipheny] disulphide (10 grams) and phenylhydrazine (7 grams) 
were heated together at 100° for six hours. Ammonia was evolved 
and after two hours the melt had become solid. The product was 
extracted with boiling water, which removed formylphenylhydrazine 
(identified by the m. p. and mixed m. p. [144°] as already described). 
The residue was crystallised from alcohol and thus obtained as 
colourless, iridescent platelets, m. p. 204° (Found: C = 63-1; 
H=4-:99; N=9-85. C,,H,,N,S, requires C = 62:9; H = 4-89; 
N = 9-79 per cent.). 

Methiodide. Thespiran (1 gram) was heated with methyl iodide 
(2:1 grams) in a sealed tube for twenty-four hours at 60°. The solid 
product, crystallised from alcohol, gave the pure mono-methiodide 
as clusters of fine needles, m. p. 186° (Found: I = 29-50, 29-58. 
C,¢H,,N,S,I requires I = 29-7 per cent.). 

Methocamphorsulphonate. Prepared in the usual way from the 
methiodide and silver camphorsulphonate and crystallised from 
ethyl acetate, this salt formed colourless needles, m. p. 147—148° 
(Found: C = 59-0; H = 6-12; S=17-7. CygH3.0,N,S, requires 
C = 58-55; H = 6-20; S = 18-0 per cent.). 

Methobromocamphorsulphonate. Similarly prepared and crystal- 
lised from ethyl acetate, it formed colourless platelets, m. p. 164— 
165° (Found: Br = 13-21; S= 16-08. C,,H,,0,N,S,Br requires 
Br = 13-10; S = 15-71 per cent.). 

Synthesis of Bis-2-methylbenzothiazoline-1 : 1-spiran.—o-Methy]l- 
aminopheny] mercaptan (1-9 grams) was heated at 100° in hydrogen 
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and 1-nitrosoimino-2-methylbenzothiazoline (2-51 grams) was 
added in small quantities, each addition being followed by a very 
vigorous reaction. The heating was continued for three hours, 
the mixture gradually solidifying. The product, crystallised from 
alcohol, gave 1-54 grams of the spiran, m. p. 203-5—204°. A 
mixture with the spiran prepared from the disulphide and phenyl. 
hydrazine melted at the same temperature (Found : C = 63-4; H = 
4:93; N=9-74. Cale, C=629; H=489; N=9-79 per 
cent.). 

Identity of Bis-2-methylbenzothiazoline-1:1-spiran with _ iso- 
p-Methylbenzothiazole.—In carrying out the oxidation of thio-2. 
methylbenzothiazolone with nitric acid as described by Rassow, 
Déhle, and Reim (loc. cit.), we always got good yields of benzothiazole 
metho-nitrate and -bisulphate, but only once obtained “ iso-p- 
methylbenzothiazol,” and then only in small quantity, when the 
crude salt was treated with ammonia. 

The iso-~-methylbenzothiazole melted at 202—204° (the German 
investigators give the m. p. as 202°) and a mixture with the spiran 
synthesised from o-methylaminophenyl mercaptan and nitrosoimino- 
methylbenzothiazoline melted at the same temperature. 


One of us (L. M. C.) wishes to express his indebtedness to the 
Department of Scientific and Industrial Research for a grant which 
enabled him to take part in this work. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Recewved, July 31st, 1923.] 


CCLXVIII.—The Kinetics of the Reaction between 
Ferrous Phosphate and Sulphur Dioxide in 
Phosphoric Acid Solution. 


By Sypngey RaymonpD CARTER and JOHN ALFRED VALENTINE 
BUTLER. 


THE oxidation of ferrous phosphate in phosphoric acid solution 
by sulphur dioxide (Wardlaw, Carter, and Clews, T., 1920, 117, 
1241), a reaction which may be expressed by the equation 


4Fe(H,PO,), + 4H,;PO, + SO, = 4Fe(H,PO,), + 2H,O + 8, 


shows several unusual features. Starting with pure ferrous phos- 
phate, the reaction appeared to attain equilibrium after two or 
three days at a ferric content of about 40 per cent., and the authors 
expressed an opinion that it is reversible. However, the reverse 
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reaction, the reduction of ferric phosphate by sulphur could not be 

realised, and it was found that synthetic mixtures of ferrous and 
ferric phosphates behaved differently from mixtures formed in the 
course of the reaction, as the former were still oxidised to some extent 
by sulphur dioxide even when the proportion of ferric iron was 
about 80 per cent. 

It seemed likely that a study of the kinetics of the reaction might 
give an explanation of these features and also throw some light on 
the mechanism of the oxidising action of sulphur dioxide. The 
reaction is the most suitable of the series for experiments of 
this nature owing to the non-volatility of phosphoric acid and the 
absence of side reactions which occur in other cases (T., 1920, 117, 
1093 : 1922, 121, 210). 

Only a few instances are recorded in which the rate of reaction 
between a gas and a liquid has been measured. In such cases 
the rate of reaction is determined by two factors; the rate of 
absorption of gas and the rate of reaction between the dissolved 
gas and the solution. In order to obtain a measure of the rate of 
chemical action it is essential that the rate of absorption should be 
great compared with the rate of reaction in the liquid, otherwise 
the observed rate is merely a measure of the former. In the experi- 
ments to be described, an atmosphere of sulphur dioxide was main- 
tained above the solution of ferrous phosphate in phosphoric acid 
and the rapid absorption of the gas was ensured by the use of a 
Luther stirrer (Luther and Plotnikow, Z. physikal. Chem., 1907, 
61, 513) which kept up a continual circulation of gas through the 
solution. Since the reaction was comparatively slow, the liquid 
was thus kept saturated with gas, except perhaps in the first few 
minutes after the start of the reaction, and the rate of reaction 
measured was that at constant concentration of sulphur dioxide. 
Since both phosphoric acid and water were present in large excess, 
the only concentrations that varied during the experiments were 
those of ferric and ferrous iron. 


EXPERIMENTAL. 


Description of Apparatus.—As the result of preliminary experi- 
ments the following apparatus was employed (Fig. 1). 

The reaction flask, A, was a wide-necked flask of 500 c.c. capacity, 
fitted with a rubber bung through which passed the glass bearing 
of the Luther stirrer, K, and the tubes communicating with the 
other parts of the apparatus. The entrance of air was prevented 
by means of a mercury seal, L, and this was sufficiently deep to 
permit moderate variations of pressure. The flask was immersed 
in an oil-bath heated by a gas flame and kept within 0°2° by a 
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mercury thermoregulator. The temperatures given are in every 
case the temperatures of the oil-bath. 

The sulphur dioxide was confined over mercury in the bulb, B, 
and admitted tothe flask as fast as it was absorbed, the connecting 
tube, C, being fitted with a water condenser to prevent distillation 
of the acid into the bulb. The bulb could be refilled with gas by 
means of the three-way tap, and a tube dipping under mercury 
was introduced at D to prevent the accidental development of a 
high pressure of gas in the tubes. 

The sampling apparatus consisted of a syphon tube passing from 
the bottom of the reaction flask into the upper end of the burette, 
E, which was provided with a side tube communicating with the 


Fig. 1. 
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mercury bulbs, /’, and a tube with tap, G, connecting the sampling 
apparatus with the gas space above the solution. In order to with- 
draw a sample the tap, G, is closed, the pressure in the burette 
reduced by lowering the mercury level in the bulbs, and the solu- 
tion drawn over into the burette. The mercury level is now raised 
and on opening the tap, G, the solution in the syphon tube flows back 
into the reaction flask. The solution in the burette can now be run 
into a flask for analysis. This arrangement proved to be very 
convenient and should be useful in other cases in which it is 
necessary to withdraw samples of a liquid without admitting air and 
without removing any part of it permanently from the region in 
which the main bulk of liquid is undergoing reaction. 

All rubber connexions in the apparatus were made with stout 
pressure tubing, and firmly wired. 

Preparation of the Solution.—Solutions of ferrous phosphate in 
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phosphoric adid were prepared by dissolving iron in the warm acid 
jn an oxygen-free atmosphere. The best iron wire available con- 
tained a small amount of carbon, and since its presence was not 
desirable, the solutions were filtered before introduction into the 
reaction flask. This operation, which had, of course, to be carried 
out in absence of air, was accomplished by forcing the solution under 
pressure of carbon dioxide from the flask in which it was prepared 
into a second flask by way of an asbestos filter, and thence at the 
proper time into the reaction flask through the tube, H. The filter 
itself was provided with a by-pass so that a stream of carbon 
dioxide could be passed through the apparatus in order to remove 
the air. 

Method of Carrying out Experiments.—A stream of carbon dioxide 
is passed through every part of the apparatus for about two hours 
in order to displace the air, and by proper manipulation all dead 
spaces are cleared out. 

The tap, H, communicating with the flasks in which the solution 
is prepared is now closed and the carbon dioxide in the reaction flask 
replaced by passing through it a stream of sulphur dioxide. Mean- 
while the iron is dissolved in phosphoric acid in a stream of carbon 
dioxide and the solution filtered. Its temperature is now adjusted 
to that of the oil-thermostat and it is forced by pressure of carbon 
dioxide into the reaction flask as rapidly as possible, the displaced 
gas escaping through the mercury at D. A sample is immediately 
withdrawn for analysis and the stirrer started. The speed of the 
stirrer was usually about 1200 r. p. m., but no special precautions 
were taken to keep it constant. The initial time for the experiment 
was counted from the time of starting the stirrer. 

In the early stages of the experiment absorption of sulphur dioxide 
is rapid and a continuous stream of sulphur dioxide is maintained, 
excess escaping by D. After this initial stage, absorption is slow 
and the gas is fed in from the bulb, B, which is refilled as occasion 
requires from the syphon by means of the three-way tap. The 
pressure inside the apparatus is adjusted to 1 em. of mercury above 
atmospheric pressure so that any slight leak will be outwards. 
Samples of the solution are withdrawn at suitable intervals and 
analysed. A 

Method of Analysis.—In order to avoid the necessity of measuring 
definite quantities of hot solution for analysis, the ratio of ferric 
to total iron in a sample is determined and consequently the amount 
of liquid withdrawn is immaterial. 

The liquid from the sampling burette is received in a conical 
flask containing 80 c.c. of a 20 per cent. solution of sulphuric acid, 
the air having been expelled by boiling in a current of carbon 
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dioxide. A stream of carbon dioxide is maintained through al] 
solutions for analysis containing ferrous iron in order to prevent 
oxidation by contact with air. In most cases, about 15 c.c. of the 
solution in the flask were taken for an analysis. After the solution 
has been boiled in a current of carbon dioxide for about ten minutes 
in order to remove the sulphur dioxide, the flask is cooled in water, 
and the amounts of ferric and total iron in two equal portions of 
the solution are determined by means of titanous chloride by 
Knecht and Hibbert’s methods. Two portions of 25 c.c. of the 
solution are taken, the first of which gives the ferric iron by direct 
titration with titanous chloride solution, potassium thiocyanate 
being used as indicator. The total iron is determined in the second 
portion by oxidation to the ferric state in one of two ways, either 
of which gives accurate results. 

1. About 1 gram of sodium peroxide is added and the solution 
is boiled for fifteen minutes in order to remove excess of hydrogen 
peroxide. 

2. The liquid is diluted with an equal quantity of water and 
the iron oxidised by adding dilute potassium permanganate solution 
until a faint pink tinge remains. The oxidation is not satisfactory 
unless the solution is previously diluted, apparently on account of 
spontaneous decomposition of the permanganate in the concentrated 
acid. 

The ferric iron in the oxidised portion is estimated as before and 
the ratio of the two titres gives the percentage oxidation. 

At the concentration of acids chosen, sulphur dioxide gives rise 
to no appreciable oxidation or reduction before being expelled; 
moreover, a sharp end-point is obtained with thiocyanate as 
indicator which is not the case in pure phosphoric acid. 

Blank Experiments.—In order to show that the possibility of 
oxidation by air had been eliminated, experiments were carried 
out using carbon dioxide alone, the temperature being 98°. 


TABLE I, TABLE IT. 
7-75 Grams of iron in 450 c.c. of 5-10 Grams of iron in 450 c.c. of 
phosphoric acid. phosphoric acid. 
Ferric iron Ferric iron 
Time (mins.). Total iron “~ 100. Time (mins.). Total iron 400. 

0-90 0 0-59 

35 0-88 35 0-61 

75 1-08 63 0-65 

100 1-16 


Experimental Data.—In the experiments carried out, the only 
factor which varied was the initial concentration of iron. The 
temperature of the thermostat in every case was 98° and the phos- 
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oric acid employed was a syrupy liquid (d 1°75) containing 89 

rcent. of H,PO,. In the earlier experiments samples were taken 
at intervals of about thirty minutes. The following may be given 
as eXamples : 


TaBLeE ITI. TABLE IV. 
7-23 Grams of iron in 450 c.c. of 5:10 Grams of iron in 450 c.c. of 
phosphoric acid. phosphoric acid. 
Ferric iron 100 Ferric iron 100 
Time (mins.). Total iron " , Time (mins.), Total iron - : 
1-74 3 0 1-75 
35 5-88 25 4:08 
80 7-27 70 5-68 
120 8-07 130 7-30 
160 8-99 205 8-70 
212 9-42 265 9-01 
270 9-90 310 9-62 
315 10-40 
405 10-86 
Fie 2. 
. l 
~ — 6 
S ; il 
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Time in minutes. 


It is obvious that the greater part of the action observed occurs 
in the earlier stages. Later efforts were therefore directed towards 
following the course of the reaction more closely in its earlier stages, 
and for this purpose a number of flasks for the reception of samples 
were prepared before the experiment. The samples were taken at 
intervals of from ten to twenty minutes and, after the sulphur 
dioxide had been boiled off, were protected from air by bubbling 
carbon dioxide through them until analysis was possible. 

Some curves, typical of those obtained, are shown in Fig. 2. 
The total concentrations of iron for the curves shown are 7:22 grams 
(Curve I), 5°10 grams (Curve II), and 2°88 grams (Curve ITT) of iron 
in 450 c.c. of phosphoric acid. 

Effect of Initial Oxidation.—The percentage of ferric iron in the 
initial sample varied from 1 to 3 per cent. The greater part of this 
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can be ascribed to oxidation happening during the time occupied in 
running the solution into the atmosphere of sulphur dioxide ; slight 
oxidation also occurred in some cases, due to air contained in the 
filter and its packings. However, the effect of small percentages 
of initial oxidation on the shape of the curve is small. 

An experiment was carried out with a mixture containing 
initially 38 per cent. of ferric iron (Fig. 3), the total iron content 
being 5°62 grams per litre. The curve illustrates the distinction 
between synthetic mixtures of ferrous and ferric iron and those 
of the same composition as regards the iron, formed in the course 
of the reaction. Judging from the other experiments, the oxidation 
of a solution, initially of ferrous phosphate alone, would proceed 
extremely slowly at 38 per cent. oxidation, yet the synthetic mixture 
of this composition is oxidised initially at a rate nearly as great 
as the initial rate with pure ferrous phosphate solutions, although, 
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as might be expected, the initial rate slows down in the former case 
much more rapidly. 

Discussion of Curves.—In the first place, the concentration of iron 
has little effect on the percentage rate of oxidation or on the shape 
of the curves. The chief characteristic of the reaction is the initial 
stage of rapid action quickly passing into a stage in which the 
action continues at a slower, almost uniform rate, which is more- 
over practically the same (reckoning in percentages) with widely 
differing concentrations of iron. 

The rapid slowing down of the reaction is not in accordance 
with the behaviour of a simple single reaction even of, say, the 
fourth order, nor do the curves exhibit the characteristics of an 
ordinary reversible reaction. In the time during which the reaction 
was followed, the curve does not appear to be approaching an 
equilibrium state asymptotically; and, as was shown by Wardlaw, 
Carter, and Clews (loc. cit.), the reaction will proceed to more than 
40 per cent. oxidation and some oxidation occurs even with mix- 
tures containing initially more than 70 per cent. of ferric iron. 
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The form of the curves and the peculiarities of the reaction seem 
io be explicable if it be assumed that the primary reaction is 
rversible, but that one of the products is unstable under the 
enditions of the experiment and decomposes, giving rise to other 
products which have no influence on the course of the reaction. 
Thus instead of reaching a state of equilibrium as the early parts of 
the curves suggest, the reaction will continue owing to the dis- 
appearance of the substance that causes the reverse reaction and 
the second, comparatively slow and uniform stage will be reached in 
which the reaction proceeds at a rate dependent on the velocity of 
decomposition of the reducing substance. 

In the former communication it was suggested that the character- 
istics of the reaction are due to the interaction of sulphur with the 
ferric phosphate produced at the moment of its formation, and before 
being taken up in the form of a complex. It now seems more 
probable that the active reducing agent is a reduction product of 
silphur dioxide which has the power of reducing ferric phosphate. 

If we designate the intermediate reduction product by X, this 
hypothesis may be expressed in the form of equations, 


(A). . . . Fe’ +80, == Fe + X (reversible) 
(B). . . . . . X > Sulphur (irreversible) 


The kinetic development of these equations leads to the following 
differential equations for the rate of reaction under the experi- 
mental conditions, 

dx/dt = k,(a — x)” — kyx"y? 
dy/dt = dx/di — ky, 


where @ = initial concentration of ferrous phosphate, x = con- 
centration of ferric phosphate at time ¢, y = concentration of active 
substance at time ¢t, m, n, and » are integers representing the orders, 
and k,, ky the velocity coefficients of the direct and reverse reactions ; 
qand k, are analogous coefficients for the decomposition of the 
active substance. 

Unfortunately, it has not been found possible to obtain a solution 
for equations of this type. However, taking a special case, which 
is probably not very different from the actual one, namely, 


dx/dt = k,(a — x)? — kyx*y 
dy/dt = dx/dt — kzy, 


and assigning the constants the arbitrary values a = 100, k, = 
2x 10%, ki = 2 x 10%, and k, =2 x 10°, a curve has been 
obtained giving the relation between 2 and ¢ by an approximate 
method of calculation (Fig. 4). 
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This curve shows a very close resemblance to the experimental 
curves and, although this may be due to some extent to a fortunate 
choice of constants, the conclusion may be drawn that the hypo. 
thesis put forward is capable of accounting for the form of the 
curves. 

The assumption of the formation of an active intermediate com. 
pound also gives a simple explanation of the difference in the 
behaviour of synthetic mixtures of ferrous and ferric salts and 
those formed in the course of the reaction. The former contain 
initially none of the active substance and the reaction proceeds 
rapidly until the reverse reaction is brought into play by the 
formation of the active product. 

The Limit of Oxidation.—It became of interest to examine the 
upper limit of oxidation in the light of the hypothesis advanced in 
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this paper, and with this object experiments were arranged in 
which the course of the reaction could be followed for a considerable 
period of time. The apparatus was designed to preclude the 
accidental entrance of air when operated over long periods and 
the method of analysis by means of titanous chloride was capable 
of considerable accuracy in detecting small changes in the ferric iron 
content. 

Several experiments were carried out at 98° and the following 
is a typical result : 


TABLE V. 
3 Grams of iron in 500 c.c. of phosphoric acid (89 per cent.). 
Time in days ......... 0-25 1-0 3-0 5-0 10-0 
Ferric, percent. ... 12-1 24-1 36-2 40-7 45-8 


These results represent the second or what has been called the 
uniform stage of the reaction in distinction from the rapid changes 
of rate in the first fifteen minutes. 

In the course of a few hours the rate assumes a fairly constant 
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value, but over a period of several days it undergoes a gradual 
diminution. Probably a very long period would be necessary 
before a point would be reached at which no further oxidation 
of the could be observed. 

This is a somewhat different conclusion from that drawn from 
earlier experiments (T., 1920, 117, 1243), in which it was supposed 
in the that equilibrium was attained within two or three days. The 
rate of reaction at this stage is so slow that the change in a few 
hours is scarcely appreciable. 
oceedsf Lhe improved apparatus and the more accurate method of analysis 
now used indicate clearly the existence of a slow drift in what was 
previously thought to be a true equilibrium. This was not 
1e the due to a small accidental leakage of air, for in one experiment 
ced ing the apparatus was allowed to cool down after the reaction 

had been in progress for three days, the flask remained cold for 
thirteen days, and at the end of this period the contents were 
analysed; the percentage oxidation was found to be slightly less 
than on the third day—a circumstance which was probably due to 
the continued action of the reducing product in the cold. 
According to the present hypothesis, the reversible reaction 
Fe + SO, == Fe + X is tending to an equilibrium state defined 
by the equilibrium constant K = [Fe] [X]/[Fe“][SO,]. By 
reason of the instability of the intermediate compound X, however, 
this equilibrium is never quite reached. If at any stage equilibrium 
were practically attained, X would continue to disappear and to 
replenish it some ferrous iron must become oxidised to ferric. 
_ § Moreover, the gradual decrease in the ratio of ferrous to ferric iron 
d in brings about a corresponding decrease in the concentration of X 
rable § which will satisfy the equilibrium constant. 
the It will thus be seen that eventually the concentration of X will 
and § be so small that the adjustment in the ferrous-ferric ratio consequent 
able on its decomposition will be negligible in the periods of time avail- 
iron § able for observation. 


wing Summary. 

1. The rate of reaction between sulphur dioxide and ferrous 
phosphate in phosphoric acid solution has been measured under 
definite conditions. 

2. The form of the curves and the characteristics of the reaction 
are explicable on the assumption that an active reducing compound 
is produced in the primary reaction, which is reversible, but by a 
secondary irreversible reaction this active substance decomposes 
with the formation of sulphur. 

Numerous experiments have been carried out with the object of 
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identifying the active intermediate compound, and to test some 
of the consequences of the hypothesis, and the results will be com. 


municated in due course. 
THE UNIVERSITY OF BIRMINGHAM. (Received, July 19th, 1923.] 
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CCLXIX.—The Reaction between Ferrous Phosphate and 
Sulphur Dioxide in Phosphoric Acid Solution; 
the Nature of the Decomposition Products. 


By Sypney RayMonD CARTER and JOHN ALFRED VALENTINE 
ButTLeER. 


It has been shown (preceding paper) that the main characteristics 
of the oxidation of ferrous phosphate by sulphur dioxide can be 
explained by the assumption that the reaction consists of a primary 
reversible reaction in which ferrous phosphate is oxidised to ferric 
phosphate by sulphur dioxide, the latter being reduced to an active 
intermediate product which decomposes irreversibly in a secondary 
reaction with the formation of sulphur. 

The object of the experiments here described was to obtain some 
information as to the nature of the intermediate product and if 
possible to identify it. 

In the first place, the intermediate product postulated must have 
the power of reducing ferric phosphate in phosphoric acid solu- 
tion. It has been shown in an earlier paper (Wardlaw, Carter, and 
Clews, T., 1920, 117, 124) that neither sulphur dioxide nor ordinary 
sulphur effects this to an appreciable extent. Secondly, it must 
decompose under the conditions of the experiments by an irrever- 
sible reaction giving rise to sulphur and products that have no 
further influence on the course of the reaction. No sulphate is 
formed in the reaction, consequently substances which would give 
rise to sulphate in their decomposition are excluded. Since sulphur 
appears at a very early stage of the reaction, the decomposition 
of the substance in question must be very rapid and the quantity 
present in the solution at any instant correspondingly small. It 
follows that it must be a very active reducing agent. 

The possible intervention of the following substances has been 
suggested in the earlier papers: 1. Hyposulphurous acid H,S,0,, 
2. Thiosulphuric acid H,S,0,, 3. An active or nascent sulphur, 
4. Hydrogen sulphide. All these substances would give rise to 
sulphur under the experimental conditions—the first three by 
spontaneous irreversible reactions, the fourth by reaction with the 


sulphur dioxide present. 
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Experiments were instituted to determine their action on ferric 
phosphate in concentrated phosphoric acid solution. Solid sodium 
hyposulphite and sodium thiosulphate added to the warm solution 


923.] finan inert atmosphere caused considerable reduction. No appreci- 
able reduction occurred when hydrogen sulphide was passed through 
a warm solution. A mixture of hydrogen sulphide and sulphur 
dioxide was also tried, but here again no reduction was observed. 

e and The reduction of sulphurous acid and sulphites to hyposulphites 

Hon ; Bisa well-known reversible reaction that has been extensively studied 


in alkaline solution by Jellinek (Z. Elektrochem., 1911, 17, 157). 
On the other hand, the direct reduction of sulphites or sulphur 
dioxide to thiosulphates has not been observed, although under 
certain conditions thiosulphates are formed as a stage in the decom- 
position of hyposulphites (Jellinek, Z. anorg. Chem., 1911, 70, 93). 
It therefore seemed more probable that the active product was 
hyposulphurous acid, and the earlier experiments were designed to 
test this view. 

Attempts were made to test directly for hyposulphite in the 
reaction mixture, but all the reactions for this acid that are applic- 
able under the conditions of the experiment depend on its powerful 
reducing properties, and in phosphoric acid ferrous phosphate itself 
is a powerful reducing agent and can effect all these reductions. 
No distinctive test could be found. 

The influence of additions of sodium hyposulphite on the course 
of the reaction was studied in the apparatus employed for following 
the course of the reaction. The hyposulphite was dissolved in 
dilute alkali (free from air) in an inert atmosphere in a tap funnel 
inserted through the bung of the reaction flask, and introduced into 
the flask at a suitable time. The course of the reaction was followed 
before and after the addition in the way already described. The 
results of two experiments are given in Fig. 1. It will be seen that 
the effect of the addition of a quantity of hyposulphite probably 
large in comparison with that which might be expected to exist in 
the solution, is hardly appreciable. 

A more direct test of the formation of hyposulphite during the 
reaction was based on the following considerations. Whilst a solu- 
tion of sodium hyposulphite decomposes on being acidified without 


een § forming any sulphate in the absence of air, in the presence of air 
O,, § partial oxidation occurs at the same time and sulphate is formed 
ur, § (Meyer, Z. anorg. Chem., 1903, 34, 43). 

to It was first shown that the same occurs in phosphoric acid. 


Some solid sodium hyposulphite was added to phosphoric acid and 
shaken with air while the decomposition was in progress. A 
marked formation of sulphate was observed. Sulphur dioxide and 
VOL. CXXIII. 4 
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air were now passed together through a solution of ferrous phos. 
phate in phosphoric acid at 100°. Sulphur was formed, showing 
that reduction of sulphur dioxide had occurred, but no sulphate 
could be detected in the solution. If hyposulphurous acid were 
formed in the reduction of sulphur dioxide, it might be expected 
to be partially oxidised to sulphate by the air; the non-formation 
of sulphate, therefore, is evidence against the formation of hypo. 
sulphurous acid in the reaction. 

A more conclusive method of distinguishing between the various 
possibilities would consist in a determination of the rates of decom. 
position under the experimental conditions and comparison with the 
course of the reaction. 

Fia, 1. 
2-88 Grame of iron in 450 c.c. of phosphoric acid. 


Oxidation %. 


g ae oe 


Time (mins.). 
(a) Addition of 0-094 gram of Na,S,O,. (b) Addition of 0-435 gram of Na,§,0,. 


Unfortunately, hyposulphurous and thiosulphuric acids decom- 
pose so rapidly that this is not practicable. Some experiments were 
arranged in order to form an idea of the rate of decomposition of a 
hyposulphite in phosphoric acid at room temperature. A solution 
of sodium hyposulphite was made slightly alkaline to hinder its 
decomposition and added at room temperature to a considerable 
excess of phosphoric acid, air being rigorously excluded, when it 
was found that only about 20 per cent. remained undecomposed 
after three minutes. It is obviously impracticable to determine the 
velocity coefficient of the decomposition at the higher temperature, 
but a rough comparison may be made from the following con- 
siderations. 

It was shown in the earlier paper that the reaction between 
sulphur dioxide and ferrous phosphate resolves itself into two stages, 
a rapid initial stage followed by a slower and almost uniform action. 
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In the first stage, the intermediate product is being formed faster 
than it decomposes; it accumulates until its rate of decomposition 
js equal to its rate of formation. Thus the amount present reaches 
a maximum value which remains almost constant for a considerable 
period, giving rise to the second uniform stage. Here the rate at 
which the reaction proceeds is equal to and determined by the rate 
at which the intermediate product decomposes. Consider a typical 
case (this vol., p. 2375, Fig. 2, Curve I) ; in the uniform stage the rate 
of oxidation is about 1 per cent. in forty minutes, corresponding to 
the decomposition of about 2°4 x 10-° equivalent of the intermediate 
product per minute. To form an estimate of the quantity of the 
intermediate product present during this stage, consider the first 
stage in which it is accumulating. An oxidation of 5 per cent. of 
the iron occurs in about fifteen minutes. The total amount of the 
intermediate product formed in this stage (as the net result of the 
direct and reverse reactions) corresponding to the oxidation of 
0:25 gram of ferrous iron is5 x 10 equivalent. Evenif we assume 
that this quantity is present for the whole time, the total quantity 
decomposed during the interval is 2-4 x 10°° equivalent per minute 
for fifteen minutes or 0°36 x 107° equivalent, and we arrive at an 
estimate of 4°6 x 10° equivalent of the intermediate product 
during the uniform stage. It appears, therefore, that the fraction 
of the intermediate product decomposing per minute is less than 
1 per cent. under the experimental conditions, which is very much 
less than the fraction for hyposulphurous acid even at room tem- 
perature (80 per cent. in three minutes). 


Summary. 


The intermediate product resulting from the interaction of 
ferrous phosphate and sulphur dioxide in phosphoric acid has been 
further considered. It is probable that hydrogen sulphide is not 
a direct decomposition product of sulphur dioxide, although it 
may be a by-product in certain other cases. 

Hyposulphurous acid (H,S,0,) and thiosulphuric acid (H,S,0g) 
possess the necessary reducing properties, but would not have a 
long enough life in the strong acid solution. They might, how- 
ever, exist for a brief interval and decompose into another 
substance. 

A nascent or active form of sulphur could quite conceivably 
possess the necessary reducing properties and decompose into the 
inactive sulphur at a rate required by the theory. 

Colloidal sulphur has not been investigated beyond the experi- 
ments previously mentioned. 
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Theoretical. 


Since the conclusion of our experimental work the remarkable 
properties of the polythionates in acid solution and their surprising 
stability have been brought into prominence (Z. anorg. Chem., 
1921, 119, 225; 1922, 125, 86). They are, moreover, capable of 
interacting with ferric salts and could conceivably possess the 
properties required for the intermediate product X. The only 
objection appears to be the well-recognised statement that a 
polythionic acid in acid solution decomposes on heating with the 
formation of sulphur dioxide, sulphur, and a sulphate. It is, how. 
ever, conceivable that in reacting in the presence of a reducing 
agent like a ferrous salt, a polythionic acid would not give a 
sulphate but would simply break up into sulphur dioxide and 
sulphur. Further it is doubtful if the decomposition of the thionic 
acids by heat and acids under rigid exclusion of air has been 
studied. 

In connexion with these views, it may be mentioned that 
Wardlaw and Sylvester (this vol., p. 968) quote strong evidence for 
the formation of a tetrathionate in a sulphuric acid solution of 
sulphur dioxide which has been reduced by tervalent molybdenum. 

The recent studies on the nature of colloidal sulphur are also of 
special interest in this connexion. Colloidal sulphur can be pro- 
duced by treating a solution of sodium thiosulphate with concen- 
trated sulphuric acid and in this form can exist in very concentrated 
acids. It is thought that the sulphur sol exists as a micelle of 
p-sulphur, a polythionic acid, and water, and Odén associates its 
stability with the presence of the thionic acids. If the sulphur sol 
has the power of interacting with a ferric salt it may be the active 
compound X we are seeking. 


THE UNIVERSITY OF BIRMINGHAM. [Received, July 19th, 1923.] 


CCLXX.—Chlorosulphonyl Derivatives of Aromatic | 


Amines. 
By RowLanpD NicHoLAS JOHNSON and SAMUEL SMILES. 


Ir has been recently shown (Stewart, T., 1922, 121, 2555) that 
acetanilide-p-sulphonyl chloride may be readily obtained directly 
from acetanilide by the action of chlorosulphonic acid; and the 
method has obvious advantages over the commoner process of 
preparing this substance from acetanilide-p-sulphonic acid with 
phosphorus pentachloride. Since the study of certain thio-deriv- 
atives of aromatic amines was necessary to the progress of other 
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work, the experiments described in the following pages were under- 
taken in order to explore the application of the method to other 
aromatic aminoacetyl derivatives. The behaviour of three deriv- 
atives of acetanilide with chlorosulphonic acid has been investigated ; 
these were aceto-p-toluidide, phenacetin, and aceto-p-xylidide, and 
ineach case satisfactory yields of the corresponding chlorosulphonyl 
derivatives were obtained. As might be anticipated, the orienta- 
tions of these products are the same as those of the sulphonic acids 
obtained from the acylamine with sulphuric acid. Thus, in the 
case of aceto-p-toluidide, the product was found to be aceto-p- 
toluidide-2-sulphony] chloride (I); it is identical with the substance 
obtained by Zincke (Ber., 1912, 45, 1495) on treating the salt of 
the corresponding acid with phosphorus pentachloride. The 
sulphonation of phenacetin has been studied by Cohn (Annalen, 
1899, 309, 233), who showed that the product was 4-acetylamino- 
phenetole-2-sulphonic acid (compare II), since it was easily con- 
verted into the corresponding aminophenolsulphonic acid and could 
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be obtained from 2-bromophenacetin. Cohn did not describe the 
corresponding sulphony] chloride, but on preparing this from a salt 
of his acid we found it to be identical with the product formed 
from phenacetin and chlorosulphonic acid. The sulphonation of 
aceto-p-xylidide was examined by Junghahn (Ber., 1900, 33, 1364), 
who found that the product was a monosulphonic acid (compare 
III) which gave on hydrolysis the 1 : 4-xylene-3-amino-6-sulphonic 
acid of Nélting (Ber., 1885, 18, 2664) and furnished p-xyloquinone 
on oxidation. The chloride (III) of this acid is identical with that 


| now obtained by the action of chlorosulphonic acid on aceto-p- 


xylidide. These sulphonyl chlorides may be converted by the 
usual methods into sulphinic acids and other thio-derivatives ; some 
of these are described in the present communication. 


EXPERIMENTAL. 


Aceto-p-toluidide-2-sulphonyl Chloride (1).—A solution of aceto-p- 
toluidide (1 mol.) in chlorosulphonic acid (5 mols.) was kept at 80° 
for one hour, and then, after being cooled, was poured over ice. 
The solid product was collected, washed with ice-cooled water, and 
dried. The crude sulphony! chloride, which was thus obtained in 
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85 per cent. yield, was purified by recrystallisation from aqueous 
acetone. It formed colourless prisms which melted at 124—125°; 
Zincke (loc. cit.) gives 124° (Found: Cl=14°1. Calc., Cl = 143 
per cent.). The anilide was prepared in the usual manner; after 
recrystallisation from alcohol, it formed leaflets which melted at 
230°. 

Aceto-p-toluidide-2-sulphinic Acid.—Ten grams of the crude 
sulphonyl chloride were added to a solution of 30 grams of sodium 
sulphite in 200 c.c. of water. The mixture was shaken until the 
reaction was complete, care being taken to add aqueous sodium 
hydroxide at intervals to maintain alkalinity throughout the 
reaction. Concentrated hydrochloric acid was then added to the 
filtered solution, when the required sulphinic acid separated in the 
crystalline state, the yield being about 80 per cent. of that required 
by theory. After recrystallisation from hot water, in which it is 
sparingly soluble, the substance was obtained in small, colourless 
needles which melted and decomposed at about 160° (Found: 
N=67; S=15°3. C,H,,0,NS requires N = 6°6; S = 15-0 per 
cent.). 

4 : 4’-Diacetylaminoditolyl 2 : 2'-disulphide was prepared by reduc- 
tion of the sulphony! chloride; the properties of the product agreed 
with those assigned to this substance by Zincke (loc. cit.). 

4-Acetylaminophenetole-2-sulphonyl Chloride (II).—Twenty grams 
of phenacetin were gradually added to 38 c.c. of chlorosulphonic 
acid, care being taken that the temperature did not rise above 50° 
during the process. The solution was kept at 50° for one hour, the 
product being eventually isolated in the usual manner. The crude 
material formed a semi-solid mass, but it was readily purified by 
gradually adding water to the solution in cold acetone. <A 50 per 
cent. yield of the crystalline product was thus obtained. After 
further purification, the required sulphonyl chloride was obtained 
in colourless prisms which melted at 133° (Found: Cl = 12°6; 
S = 11°8. C,)9H,,0,NCIS requires Cl = 12°8; S = 11°55 per cent.). 
The anilide separated from hot alcohol in colourless needles which 
melted at 182—183° (Found: N = 8°6. Calc., N = 8-4 per cent.). 
The sodium salt of the phenacetinsulphonic acid, prepared by 
Cohn’s method (loc. cit.), was converted into the sulphony] chloride 
and anilide. These products were found to be identical with the 
corresponding substances described in the foregoing paragraphs. 

4.Acetylaminophenetole-2-sulphinic acid was prepared from the 
crystalline sulphonyl chloride by the method described in the case 
of aceto-p-toluidide-2-sulphinic acid. A 75 per cent. yield of the 
acid was obtained. The substance was sparingly soluble in hot 
water; it separated from this medium in needles which melted 
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and decomposed at about 155° (Found: N= 58; S = 13°5. 
CioH;30,NS requires N = 5°8; S = 13:2 per cent.). 

4: 4’-Diacetylaminodiphenetyl 2 : 2’-Disulphide.—Fifty c.c. of con- 
centrated hydrochloric acid and 30 grams of zinc dust were very 
gradually added to a solution of 10 grams of the sulphonyl chloride 
in 120 c.c. of alcohol which was constantly shaken. When the 
reaction was complete, the unattacked zinc was removed and solid 
ferric chloride added to the solution, whereby the required disulphide 
(yield 50 per cent.) was precipitated in the crystalline state. The 
substance was readily soluble in hot acetone or alcohol, and after 
recrystallisation from the former solvent was obtained in colourless 
needles which melted at 192—193° (Found: N= 6°8; S = 15-4. 
C.pHogO,N.S. requires N = 6°66; S = 15-2 per cent.). 

Aceto-p-xylidide-6-sulphonyl Chloride (III).—A solution of 20 
grams of aceto-p-xylidide in 42 c.c. of chlorosulphonic acid was 
kept at 80° for one hour. The mixture was treated in the usual 
manner, and an almost theoretical yield of the crude sulphony]l 
chloride was isolated. This was purified by recrystallisation from 
aqueous acetone, when it was obtained in colourless needles which 
melted at 160° (Found: Cl= 135; S=12°6. Calc., Cl = 13°5; 
§= 12-2 per cent.). The anilide melted at 213—214° (Found: 
N= 8-9. Calc., N = 8°8 per cent.). The corresponding sulphonic 
acid was prepared from phenacetin by the method of Junghahn 
(loc. cit.), and the sulphony] chloride prepared from it was found to 
be identical with that obtained from the process now described. 

Aceto-p-xylidide-6-sulphinic acid was prepared by reducing the 
sulphonyl chloride with aqueous sodium sulphite in the usual 
manner. A 70 per cent. yield of the crude acid was isolated. 
After recrystallisation from hot water, the substance was obtained 


J in colourless needles which melted and decomposed at about 125° 


(Found : N = 6:3; S = 13°8. C,9H,,0,NS requires N = 6:2; S = 
14'1 per cent.). 

3 : 3’-Diacetylaminodi-p-xylyl 6 : 6’-Disulphide——A solution of 6 
grams of the sulphonyl chloride in glacial acetic acid with a little 
concentrated hydrochloric acid was gradually treated with 10 grams 
of zinc dust, the mixture being constantly shaken. After the reaction 
was complete, the mixture was kept for twelve hours, when the 
greater part of the required disulphide separated in the crystalline 
state. A further quantity was isolated by adding ferric chloride to 
the mother-liquors. This disulphide is very sparingly soluble in 
hot alcohol or acetone; it was purified by recrystallisation from 
acetic acid, from which it separated in long needles melting at 
284—285° (Found: C= 6271; H=64; S=168. Cale, C= 
61:8; H = 62; S = 16°5 per cent.). 
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In conclusion, we desire to express our thanks to the Department 
of Scientific and Industrial Research for a grant which has enabled 
one of us to carry out these experiments. 


Kine’s CoLtEGE, Lonpon. [Received, July 20th, 1923.] 


CCLXXI.—Derivatives of ortho-Thiolphenols. 
By Davip TEMPLETON GIBSON and SAMUEL SMILES. 


DERIVATIVES of benzothioxan are at present unknown and, since 4 
knowledge of their properties was required in connexion with other 
work, experiments have been begun to effect their synthesis. The 
most promising type of synthesis appeared to be that based on an 
o-thiolphenol, since catechol may be converted by various methods 
into benzodioxan and its simple derivatives. Only a few o-thiol 
derivatives of phenols are described in the literature, and these are 
not very readily available; hence it became necessary to obtain 
other more suitable material. In the present communication, 
derivatives of 4-methoxytolyl 3-mercaptan (I) and of 4-chloro-l. 
naphthol 2-mercaptan (II) are described, together with preliminary 
experiments on the conversion of these into the cyclic compound in 
question. 4-Methoxytolyl 3-mercaptan, which is easily obtained in 
quantity from the sulphonyl chloride (Stewart, T., 1922, 121, 2558) 
by reduction, may be converted in the usual manner into the 
thiolacetic acid derivative (III), but on attempting to obtain the 
phenol from this by interaction with hydriodic acid it was found 
that the methoxyl group was remarkably inactive, and under more 
severe conditions than those usually employed thioalkyl compounds 
were formed owing to rupture of sulphur from the nucleus. Atten- 
tion was then directed to derivatives containing the sulphone group, 
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since it was hoped that in these the methoxy] might be more reactive. 
Accordingly, the sulphonacetone and the sulphonacetophenone (IV 
and V) were prepared from the sulphinic acid, but neither of these 
could be successfully converted into the hydroxy-derivative. On 
the other hand, the methoxy-derivative of the sulphonacetic acid 
yielded the corresponding hydroxy-compound (VI), but the latter 
substance resisted all attempts to convert it into the cyclic anhydride 
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by dehydration, and the behaviour is in remarkable contrast to 
that of o-hydroxyphenoxyacetic acid, which yields the corresponding 
ketodihydrobenzodioxin on treatment with warm aqueous hydro- 
chloric acid (Ghosh, T., 1915, 107, 1594). Since these derivatives 
of p-cresol appeared to be unsuitable on account of the difficulty in 
obtaining the hydroxy-compounds from them, it seemed desirable, 
before abandoning this line of synthesis, to examine other mer- 
ceaptans containing unmethylated hydroxyl. Of these, one of the 
most readily available is the 4-chloro-2-thiol derivative of «-naphthol 
(I), which is obtained by reduction of the disulphide, the latter 
being formed from sulphur monochloride and 4-chloro-«-naphthol. 
The structure assigned to this substance is proved by the facts that 
it is converted into phthalic acid on oxidation, and very readily 
yields the carbonate (VII) of simple molecular weight (compare 
Rinhorn, Annalen, 1898, 300, 139). This behaviour appears to be 
characteristic of ortho-hydroxy-mercaptans; for example, Zincke 
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(Ber., 1917, 50, 116) has observed the formation of an analogous 
product during the reduction of 4-ethylcarbonatotoluene-3-sulphonyl 
chloride, whilst Friedlander (Z. Text. Ind., 1904, 3, 333) has recorded 
the production of the thion derivative from o-phenoxyxanthate. In 
view of the ease with which this five-membered ring system is 
formed, it is interesting to notice that when the mercaptan is 
treated with sulphur dichloride the trisulphide, (C,j>H,Cl-OH),S,, is 
formed, and not the cyclic dithio-compound (VIII). Experiments 
on the conversion of this mercaptan into the desired thioxan are 
being made, but the results hitherto obtained are now published, 
since one of the authors is unable to continue the work. 


EXPERIMENTAL. 


4-Methoxytoluene-3-sulphinic acid, which has been previously 
obtained (Gattermann, Ber., 1899, 32, 1144; Hilditch, T., 1911, 
99, 1099), is most suitably prepared in quantity by reduction of 
the corresponding 3-sulphonyl chloride (Stewart, loc. cit.) with a 
weakly alkaline solution of sodium sulphite. This reaction was 
carried out in the usual manner, and further comment is unneces- 
sary, except to remark that the sulphony! chloride employed was 
the crude product obtained from p-tolyl methyl ether and chloro- 
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sulphonic acid. This material did not entirely dissolve in the 
aqueous sulphite during reduction, and the residue was found to be 
4 : 4’-dimethoxydi-m-tolylsulphone, which is soluble in hot benzene 
and melts at 214° (Found: S = 10°6. Calc., S = 10°4 per cent,), 
This substance had evidently been formed in small quantity during 
the preparation of the sulphonyl chloride. With the object of 
obtaining the corresponding hydroxysulphinic acid, the interaction 
of chlorosulphonic acid and p-tolyl acetate was examined. The 
acetyl group was very easily removed during this process, and the 
only definite product isolated was a dichlorosulphonyl derivative, 
which was prepared in the following manner. A solution of 40 c.c. 
of p-tolyl acetate in 200 c.c. of cooled chlorosulphonic acid was 
kept for six days at about 15° and then treated in the usual manner. 
The crude product (69 grams) was purified by precipitation with 
light petroleum from chloroform solution, and p-cresoldisulphonyl 
chloride obtained in pale yellow plates which melted at 105° (Found : 
= 21'5; Cl = 23:3. C,H,0,CI,S, requires S = 21:0; Cl = 23:2 
per cent.). This substance was not further investigated. 
4-Methoxytolyl 3-mercaptan (I) (10 grams) was prepared by 
reducing the sulphony] chloride (20 grams) with tin and hydrochloric 
acid in the usual manner, the mercaptan being isolated by volatilis- 
ation in a current of steam. The substance, purified by the gradual 
addition of water to the cooled solution in alcohol, was obtained in 
very pale yellow leaflets which melted at 38° (Found: C = 62°0; 
H=62; M=146. Calce., C= 62:3; H = 6:5 per cent.; M= 
154). Gattermann (loc. cit., p. 1149), who prepared this substance 
by reduction of the sulphinic acid, describes it as a liquid boiling at 
244°. This mercaptan gives a characteristic reddish-brown nickel 
derivative when treated with a solution of nickel sulphate. 
4-Methoxytolyl-3-thiolacetic Acid (III).—A mixture of 19 grams of 
the corresponding mercaptan with an aqueous solution of 11 grams 
of sodium hydroxide and 13 grams of chloroacetic acid was heated 
at 90° for one hour, then cooled with ice, and finally mixed with 
excess of sulphuric acid. The crystalline product (25 grams) was 
purified by recrystallisation from hot water, when the substance 
was obtained in colourless prisms which melted at 79° (Found: 
S= 15:0. Cj9H,.0,S requires S = 15°09 per cent.). This sub- 
stance was not readily attacked by hydriodic acid; reaction did 
not appreciably begin below 150°, and above that temperature 
methylthiol compounds were obtained together with methy] iodide, 
indicating that the thiolacetic acid group was being attacked and 
eliminated. 
4-Methoxytoluene-3-sulphonacetone (IV).—A solution of the sodium 
sulphinate (20 grams) and chloroacetone (10 grams) in alcohol was 
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oiled for two hours. The product (19 grams) was isolated by the 
addition of ice, and after purification from alcohol it was obtained 
in colourless needles which melted at 78° (Found: S = 13-4. 
(,,H,40,8 requires S = 13:2 per cent.). This substance also is not 
easily attacked by concentrated hydrogen iodide; a sample which 
had been treated for one hour with the boiling reagent was for the 
ter part recovered unchanged. 
4.Methoxytoluene-3-sulphonacetophenone (V).—A solution of the 
sodium sulphinate (20 grams) and w-bromoacetophenone (12 grams) 
in alcohol was rapidly evaporated on the water-bath. The residual 
oil was washed with water and then dissolved in warm carbon 
disulphide. This solution was allowed to evaporate spontaneously, 
when the oil which first separated was succeeded by crystalline 
material. The latter (10 grams) was purified from alcohol, when 
the desired substance was obtained as colourless prisms which 
melted at 79° (Found: S=10°3. C,,H,,0,S requires S = 10°5 
pr cent.). The substance was unattacked by hydrobromic acid 
(@ 1:48) or concentrated hydrochloric acid at 150°. From the 
reaction with hydriodic acid at 140°, no definite product was 
isolated. 
4-Methoxytoluene-3-sulphonacetic Acid (compare VI).—An aqueous 
solution containing equivalent quantities of sodium chloroacetate 
and the requisite sodium sulphinate was evaporated to dryness on 
the water-bath. The residue was extracted with water, the cooled 
solution mixed with hydrochloric acid, and the solid which separated 
was purified by crystallisation from hot water, when the pure 
material was obtained in prisms, m. p. 82° (Found: C = 49°6; 
H= 48; S=12°7. Cy, 9H,,0,S requires C = 49:1; H=49; S= 
131 per cent.). Like phenylsulphonacetic acid, this substance 
teadily yields the corresponding methyl sulphone when warmed 
with excess of aqueous alkali hydroxide. In fact, 4-methoxytolyl 
smethyl sulphone was encountered during the foregoing prepar- 
ation; it was isolated as a crystalline material, m. p. 87° (Zincke, 
Ber., 1917, 50, 120, gives m. p. 88°), and was identified by com- 
parison with the product furnished by the methylation of the 
sulphinic acid. 
4-Hydroxytoluene-3-sulphonacetic Acid (VI).—Twenty grams of 
the methoxy-derivative and 30 c.c. of hydriodic acid (d 1°7) were 
kept together for five hours at 120—130°. The solid (16 grams) 
which separated from the cooled mixture was collected, freed from 
adherent iodine, and then recrystallised from hot water. The 
required substance formed prisms which melted at 192° with 
liberation of carbon dioxide and gave a violet colour with aqueous 
ferric chloride (Found : C = 464; H = 4:5; S=13°8. C,H,,0;S 
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requires C= 469; H=44; S=13°9 per cent.). Numeroys 
attempts to dehydrate this substance were unsuccessful. 

4-Chloro-1-naphthol 2-Disulphide (compare II).—A mixture of ]8 
grams of finely powdered «-naphthol with 100 c.c. of chloroform §é 
was slowly treated at 0° with a solution of 7 grams of sulphur 
monochloride in 25 c.c. of the same solvent. The mixture was 
constantly agitated during the progress of the reaction, and when 
the evolution of hydrogen chloride had ceased the solid (20 grams) 
was collected and separated by pressure as rapidly as possible from 
adherent mother-liquor. The crude material was decomposed 
somewhat rapidly by boiling alcohol or acetone, and was purified 
by recrystallisation from hot benzene, in which it was sparingly 
soluble. The substance was then obtained in orange prisms which 
melted at 147° (Found: C=579; H=31; Cl=170; S= 
15°5. C,9H,OCIS, requires C = 57:3; H = 2:9; Cl= 169; S= 
15°5 per cent.). This disulphide exhibits a characteristic reaction 
with aqueous sodium hydroxide, which rapidly converts it into an 
amorphous insoluble blue material. The reaction is similar to that 
exhibited by the monosulphide (T., 1912, 101, 718), but it appears 
not to require the presence of oxidising agents as with the latter 
substance. The diacetyl derivative of the disulphide was prepared 
by acetylation with acetic anhydride in presence of sulphuric acid; 
after purification from alcohol, the substance formed prisms which 
melted at 148° (Found: C=567; H=3-4. C,,Hj90,CIS, 
requires C = 57'°2; H = 3:2 per cent.). This compound is not 
attacked by cold aqueous alkali. Oxidation of the disulphide with 
alkaline permanganate furnished phthalic acid. 

4-Chloro-\-naphthol 2-Mercaptan (I1).—Twelve grams of zinc dust 
were gradually added to a solution of the disulphide (12 grams) in 
hot glacial acetic acid to which a few drops of hydrochloric acid 
had been added. After all the zinc had dissolved, the mixture was 
cooled, the precipitated zinc derivative of the mercaptan redissolved 
by the addition of hydrochloric acid, and the solution mixed with 
crushed ice, when 4-chloro-1-naphthol 2-mercaptan was precipitated 
in the crystalline state. The product was purified by recrystallis- 
ation from hot alcohol, in which it was readily soluble, the mer- 
captan being obtained in pale yellow needles which melted at 86° 
(Found: S=15:2; Cl= 167. CyH,OCIS requires S = 15:2; 
Cl = 16°8 per cent.). The substance dissolves in aqueous sodium 
hydroxide, and the yellow solution on agitation with air rapidly 
yields the insoluble blue material observed in the case of the 
disulphide. The diacetyl derivative, prepared in the usual manner, 
melted at 86° and was slowly attacked by boiling aqueous sodium 
hydroxide (Found: S=11:2; Cl=11°66; C,H,O = 28°8. 
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(yyH,,0,CIS requires S= 109; Cl= 120; C,H,O = 29°2 per 
cent.). 

4-Chloro-1-naphthol 2-Thiocarbonate (VII).—To a solution of 4 
ms of the mercaptan (II) and the requisite amount of carbonyl 
chloride in toluene in an atmosphere of coal gas, 20 c.c. of 2N- 
aqueous sodium hydroxide were gradually added with shaking. 
The solid residue obtained by evaporating the hydrocarbon was 
recrystallised from benzene, when the desired carbonate was obtained 
2:5 grams) in colourless needles which melted at 132° (Found: 
(=554; H=23; Cl=146; M = 240. C,,H;0,CIS requires 
(= 55°83; H = 2:1; Cl = 15°0 per cent.; M = 236). 

4: 4’ - Dichloro-1:1' - dihydroxydi-8-naphthyl Trisulphide, 
((H;Cl-OH),S,.—A solution of 2 grams of the mercaptan in 10 c.c, 
of chloroform was treated with 1 gram of sulphur dichloride. The 
garingly soluble product was recrystallised from hot chloroform 
aid was thus obtained in small, yellow needles which melted at 
146°. These were readily soluble in aqueous sodium hydroxide 
and did not exhibit with this reagent the behaviour characteristic 
of the disulphide (Found: S = 22°0. C,9H,,0,CI,S, requires S = 
13 per cent.). 


In conclusion, we desire to express our thanks to the Commis- 
sioners of the 1851 Exhibition for a grant which has enabled one of 
us (D.T.G.) to take part in these experiments. 


Kine’s CoLLtEGE, Lonpon. (Received, August 3rd, 1923.] 


CCLXXII.—Derivatives of Tetrahydrocarbazole. 
Part III. Amino-compounds. 


By GrorGE ALFRED EpwaRps and SYDNEY GLENN 
PRESTON PLANT. 


Durine the course of the investigations of Perkin and one of us 
into the chemistry of tetrahydrocarbazole (T., 1921, 119, 1825; 
this vol., p. 676) it became important to study the amino-derivatives 
of this substance with the view of introducing other groups into the 
molecule by means of the diazo-reaction and, in this way, establish- 
ing the constitution of various substances, about which some 
doubt exists. The above authors (T., 1921, 119, 1833) prepared 
6-aminotetrahydrocarbazole (I), but the properties of this compound 
were not fully investigated. 

The preparation of the 5-, 7-, and 8-aminotetrahydrocarbazoles 
by the reduction of the corresponding nitro-compounds has now 
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been studied. 5-Nitrotetrahydrocarbazole (II) was prepared by 
the nitration of 9-acetyltetrahydrocarbazole as described by Perkin 
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and one of us (loc. cit.), but the reduction of this substance and 
the isolation of the desired amine proved to be difficult. After 
studying a large number of different methods, it was ultimately 
found that reduction was best carried out in hot aqueous-alcoholic 
hydrochloric acid by the addition of zinc dust. After removal of 
the alcohol by evaporation, the hydrochloride of the amine separated 
as a colourless solid and the free base was obtained from this by 
treatment with ammonia. The same process of reduction served 
well for the preparation of both 7-aminotetrahydrocarbazole (III) 
and 8-aminotetrahydrocarbazole (IV). Borsche, Witte, and Bothe 
(Annalen, 1908, 359, 70) have reduced several derivatives of tetra- 
hydrocarbazole to the corresponding hexahydrocarbazole compounds 
by the action of tin in aqueous-alcoholic hydrochloric acid. The 
possibility existed that the method of reduction adopted during the 
present work might result in the formation of the amino-derivatives 
of hexahydrocarbazole, but this was shown not to be the case by (1) 
using this method for the preparation of 6-acetylaminotetrahydzro- 
carbazole and (2) the synthesis of 7-aminotetrahydrocarbazole in 
the following way. Phenylhydrazine-m-oxamic acid (V) was pre- 
H, NH:-NH, H, 
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pared from m-aminophenyloxamic acid by diazotisation and reduc- 
tion with stannous chloride in the usual way (Griess, Ber., 1885, 18, 
964). This was then mixed with cyclohexanone in boiling acetic 
acid solution and the hydrazone first formed was converted at once 
into tetrahydrocarbazole-7-oxamic acid (VI). The identity of the 
amine, obtained from this substance by hydrolysis with concentrated 
hydrochloric acid, and 7-aminotetrahydrocarbazole, prepared by 
reduction of 7-nitrotetrahydrocarbazole, was proved by the deter: 
mination of the melting point of the mixture. 

The amino-derivatives of tetrahydrocarbazole are comparatively 
unstable substances, some of them decomposing when warmed with 
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a neutral solvent to a moderate temperature. All the amines can 
be acetylated by the action of acetic anhydride and they can also be 
readily converted into picrates. An extensive investigation was 
made with the object of preparing derivatives from 6-aminotetra- 
hydrocarbazole by means of the diazo-reaction. Diazotisation is 
best carried out in 40 per cent. aqueous acetic acid, a clear solution 
of the diazonium compound being obtained on gradual addition of 
an ice-cold solution of nitrous acid, made by mixing an excess of 
dilute hydrochloric acid with a solution of sodium nitrite. Attempts 
to prepare halogen and cyano-derivatives of tetrahydrocarbazole 
from this diazonium compound by means of the Sandmeyer reaction 
failed, the products being resinous. The diazonium sulphate and a 
diazonium perbromide were isolated, but both were very unstable. 
Sodium tetrahydrocarbazole-6-diazosulphonate could not be con- 
verted into the corresponding hydrazine. 

In failing to undergo these reactions, the amino-derivatives of 
tetrahydrocarbazole show a close resemblance to the corresponding 
carbazole compounds. Ruff and Stein (Ber., 1901, 34, 1668) and 
Morgan and Read (T., 1922, 121, 2709) have shown that 3-amino- 
carbazole can be made to give a diazonium chloride which yields 
an azo-dye with B-naphthol. Futhermore, Ruff and Stein (loc. cit.) 
reduced sodium carbazole-3-diazosulphonate, prepared by the action 
of sodium sulphite on the aqueous solution of the diazonium chloride, 
to sodium carbazole-3-hydrazinosulphonate by means of sodium 
amalgam, but they were unable to convert it into the corresponding 
hydrazine. The failure of 3-aminocarbazole to undergo the Sand- 
meyer reactions has also been observed by Schwalbe and Wolff 
(Ber., 1911, 44, 234; T., 1911, 99, 103), but Ruff and Stein (loc. cit.) 
obtained a 10 per cent. yield of 3-hydroxycarbazole from the 
corresponding amine. 

An investigation of the other amino-derivatives of tetrahydro- 
carbazole has given similar results in every case. 


EXPERIMENTAL. 
5-Aminotetrahydrocarbazole. 


5-Nitrotetrahydrocarbazole was dissolved in the minimum amount 
of a boiling mixture of equal quantities of alcohol and concentrated 
hydrochloric acid, excess of zinc dust added in small quantities at 
a time, and the liquid gently boiled, until the solution had just lost 
its orange-yellow colour. The mixture was at once filtered and the 
alcohol removed by evaporation. On cooling, the hydrochloride of 
5-aminotetrahydrocarbazole separated slowly, and it was then purified 
by recrystallisation from glacial acetic acid. The free base, obtained 
by grinding the hydrochloride with ammonia (d0°880), was, after 
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filtration, washed with ice-cold ammonia, dried in a vacuum desicca. 
tor, and recrystallised from a mixture of benzene and light petroleum, § 
from which it separated in small, colourless plates melting at 10]°, 


It slowly darkens on exposure to the air (Found: C = 775; 
H=76. C,,H,,N, requires C = 77-4; H = 7°5 per cent.). 

5-Acetylaminotetrahydrocarbazole was prepared by adding acetic 
anhydride (1°4 grams) to the amine (2°5 grams), dissolved in a smal] 
amount of ether. After removal of the ether the acetyl! derivative 
was recrystallised from alcohol, from which it separated in small, 
colourless plates melting at 195° (Found: C = 73-4; H = 7+, 
C,,H,,ON, requires C = 73°7; H = 7-0 per cent.). 

It was readily hydrolysed on boiling for ten minutes with concen. 
trated hydrochloric acid and, on cooling, 5-aminotetrahydro. 
carbazole hydrochloride separated as a colourless, crystalline mass, 

The picrate of 5-aminotetrahydrocarbazole, prepared from the 
amine (1 gram) and picric acid (1:2 grams) in hot concentrated 
alcoholic solution, separated in bright red needles which melted 
at 193—195° with decomposition. 


6-A minotetrahydrocarbazole. 


The amine was obtained from p-acetylaminophenylhydrazine 
hydrochloride and cyclohexanone (Perkin and Plant, loc. cit.); 
however, the formation of cyclohexanone-p-acetylaminopheny!- 
hydrazone proceeded much better if these substances were mixed 
in alcoholic solution in the presence of an excess of sodium acetate, 
instead of sodium ethoxide as originally described. 

The following process has been found to work well for the reduc- 
tion of 6-nitrotetrahydrocarbazole. The nitro-compound was 
dissolved in the minimum amount of a mixture of equal parts of 
alcohol and concentrated hydrochloric acid, and zinc dust was added 
in excess at such a rate that the solution was kept gently boiling. 
As soon as it had become colourless, the mixture was filtered, and 
the alcohol removed by evaporation. An excess of strong sodium 
hydroxide solution was then added, the free amine extracted with 
ether, and a small excess of acetic anhydride added to the extract, 
which was then treated with an equal volume of water and the 
ether removed from the mixture by evaporation. The solid that 


separated was recrystallised from dilute acetic acid, and obtained f 
in colourless plates melting at 208°. It was shown to be identical Ff 


with 6-acetylaminotetrahydrocarbazole obtained as above. 


Diazotisation of 6-Aminotetrahydrocarbazole.—The amine (1 gram), f 


dissolved in 40 per cent. aqueous acetic acid (20 c.c.), was treated 
with 6 c.c. of a solution prepared as follows: sodium nitrite (1 gram) 
was dissolved in water (10 c.c.) and, after cooling to below 0°, a 
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mixture of concentrated hydrochloric acid (3 c.c.) and water (5 c.c.) 
was added. The solution of tetrahydrocarbazole-6-diazonium 
chloride was filtered from a small quantity of a solid impurity. 

A solution of the diazonium chloride, prepared from the amine 
(2 grams), was treated with stannous chloride (4 grams), dissolved 
in concentrated hydrochloric acid (10 c.c.), at a temperature below 
0°. A brown solid, free from tin, separated, and this, after filtration, 
was treated with an aqueous solution of sodium acetate. A yellow 
solid was obtained, but it could not be made to crystallise from any 
of the usual solvents. It possessed most of the reducing properties 
of a hydrazine, but it could not be made to react with ketones. 

An aqueous solution of tetrahydrocarbazole-6-diazonium chloride, 
prepared from the amine (3 grams), was added slowly to sodium 
sulphite (10 grams), dissolved in 16 per cent. aqueous sodium 
hydroxide (25 c.c.), the temperature being maintained at 0°. A 
bright yellow solid, presumably sodium tetrahydrocarbazole-6- 
diazosulphonate, separated, but it was very unstable and could 
not be converted into the corresponding hydrazine. 

T'etrahydrocarbazole-6-azo-8-naphthol—_To a solution of the 
diazonium chloride (from 1 gram of the amine), $-naphthol (0°6 
gram), dissolved in 8 per cent. aqueous sodium hydroxide (6 c.c.), 
was added slowly with constant stirring, the temperature being 
kept at 0°. The red azo-dye separated at once, but it decomposed 
on heating and was not obtained pure. 

T etrahydrocarbazole-6-diazonium sulphate——The amine (1 gram), 
dissolved in 25 ¢.c. of a mixture of concentrated sulphuric acid 
(4 c.c.) and alcohol (250 c.c.), was diazotised with careful cooling 
by the addition of a 20 per cent. solution of amy] nitrite in alcohol 
(8c.c.). After filtration, the solution was carefully mixed with an 
equal volume of ether and the diazonium sulphate then separated 
as an olive-green, crystalline solid. On filtration, however, the 
substance decomposed rapidly and was completely resinified after 
two minutes. 

7-Aminotetrahydrocarbazole. 

In order to obtain 7-aminotetrahydrocarbazole in a pure condition, 
it was necessary to isolate it from the reaction mixture in the form 
of its acetyl derivative. 7-Nitrotetrahydrocarbazole was reduced 
with zinc dust in aqueous-alcoholic hydrochloric acid in the manner 


| already described. After the alcohol had been removed by evapora- 
| tion, the hydrochloride was treated with an excess of aqueous 


sodium hydroxide, the free amine extracted with ether, and to 


| the extract, dried over potassium carbonate, the theoretical quantity 
of acetic anhydride was added. About half of the ether was removed 
by evaporation and the residue was treated with an equal volume 
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of water, after which the remainder of the ether was removed. The 
solid was dissolved in hot, aqueous alcohol and boiled for some time 
with animal charcoal. On cooling, 7-acetylaminotetrahydrocarbazole 
separated in small, almost colourless plates, melting at 181° (Found: 
C=737; H=71. C,,H,,ON, requires C = 73:7; H = 7-0 per 
cent.). 

The acetyl derivative was hydrolysed by boiling for ten minutes 
with concentrated hydrochloric acid, and the hydrochloride of the 
amine separated on cooling. This was treated with ammonia 
(d 0°880) and the amine was collected and dried in a vacuum desic. 
cator. 7-Aminotetrahydrocarbazole is very soluble in most solvents 
and can be recrystallised from hot water, from which it separates 
in small, colourless plates melting at 128—131°. It darkens on 
exposure to the air. 

The picrate, obtained from the amine (2°5 grams) and picric acid 
(3 grams) in hot, concentrated alcoholic solution, separated, on 
cooling, as bright red needles and, after recrystallisation from 
alcohol, melted at 201° with decomposition. 

Synthesis of 7-Aminotetrahydrocarbazole.—Phenylhydrazine-m- 
oxamic acid (5 grams), prepared by Griess’s method (Ber., 1885, 
18, 964), was dissolved in glacial acetic acid (30 c.c.), and cyclo. 
hexanone (2°5 grams) added. The mixture was boiled for ten 
minutes and the product was then precipitated by the gradual 
addition of water. The tetrahydrocarbazole-7-oxamic acid was 
hydrolysed without further purification by boiling for half an hour 
with ten times its weight of concentrated hydrochloric acid. The 
resulting liquid was made alkaline by the addition of ammonia 
(d 0°880), and the free amine, which separated in a very impure 
condition, was collected after thorough cooling. It was boiled with 
animal charcoal in water and, on cooling, separated in colourless 
needles, melting at 124—-127°. The yield was poor and the produst 
was contaminated with a very small quantity of a resinous impurity, 
from which it could not be freed. 


8-Aminotetrahydrocarbazole. 


The actual reduction of 8-nitrotetrahydrocarbazole was carried 
out exactly as in the case of the 5-nitro-derivative. After removal 
of the alcohol by evaporation, the liquid was made strongly alkaline 
with sodium hydroxide solution and the amine was extracted with 
ether. The solvent was then removed and the dark-coloured solid 
which remained extracted with boiling water containing some 
animal charcoal. On cooling, 8-aminotetrahydrocarbazole separated 
in colourless needles melting at 159—160°. It rapidly darkens on 
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keeping (Found : C = 77°38; H = 7°8. C,,H,,N, requires C = 77°4; 
H = 7°5 per cent.). 

8-Acetylaminotetrahydrocarbazole—The amine (2 grams) was 
dissolved in the minimum of alcohol and acetic anhydride (2 grams) 
yas added. After standing for an hour, the solution was boiled 
and then allowed to cool. The acetyl derivative separated in 
colourless, well-developed, elongated prisms melting at 116°. 

The picrate of 8-aminotetrahydrocarbazole was prepared in the 
uual way in hot alcoholic solution, from which it separated in 
brown prisms melting and decomposing at 127°. 


THE Dyson PERRINS LABORATORY, 
OXFORD. (Received, July 12th, 1923.] 


CCLXXIII.—Derivatives of Tetrahydrocarbazole. 
Part IV. 


By Witt1am Henry PERKIN, jun., and GrorcE CLirForD RILEY. 


DurinG the course of a larger investigation having for its object 
the synthesis of complex derivatives of tetrahydrocarbazole which 
it is thought (Perkin and Robinson, T., 1910, 97, 305) may be 
allied to strychnine and brucine, it became desirable to study the 
condition of formation and the properties of certain similar substances 
ofa simpler nature. The present communication contains an account 
of some of the experiments which have been made in this direction. 
In the first place, nitrosophenylglycine ester, 
C,H,;*N(NO)-CH,°CO,Et, 
was prepared and reduced to phenylhydrazinoacetic ester, 
C,H,*N(NH,)*CH,°CO,Et, by the method recommended by Harries 
(Ber., 1895, 28, 1224). This latter substance combines readily 
with cyclohexanone, and when the product is heated in glacial 
acetic acid solution, internal condensation readily takes place 
with the formation of ethyl tetrahydrocarbazole-9-acetate (I), m. p. 
77°. This ester gives, on hydrolysis, the corresponding acid, 
which melts at 200° and exhibits no tendency to yield the 
corresponding anhydro-derivative (II) by the condensation of the 
carboxyl group with hydrogen of the benzene ring. 
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An interesting derivative of tetrahydrocarbazole of a somewhat 
different character was obtained in the following manner. Hydroxy. 
dihydroquinoxaline, prepared by the action of chloroacetic acid on 
o-phenylenediamine in the presence of ammonia 

NH, , CH,Cl NH-CH, 
CH thom 7 C<yE.do 
(compare Pléchl, Ber., 1886, 19, 6; Motylewski, Ber., 1908, 41, 
800), was converted into the nitroso-derivative, which was then 
reduced with zinc dust and acetic acid in the presence of cyclo. 
hexanone. The product was anhydro-8-aminotetrahydrocarbazole-9. 
acetic acid (IIT) : 


Fo CH, 
VA an, _, (YL) i 
ta XN: + do Ge, 7” LAA Me a 
\ ois 7 nu N H, 
CO CH, CO-CH, 


The most interesting property of this anhydro-derivative, which 
melts at 285° and exists in well-defined, dimorphic modifications, is 
its behaviour on hydrolysis with methyl alcoholic potassium 
hydroxide, when it yields the corresponding acid (IV), which, 
however, even at the ordinary temperature, gradually passes again 
into the anhydro-derivative (III). 


x Pra 
H, —* iH. 
ai OW AAs - 
a J ; 
3 b0-CH, 


Experiments are in progress with the view of determining whether 
other tetrahydrocarbazole- or indole-carboxylic acids of this nature 
exhibit a similar tendency to pass spontaneously into anhydro- 
derivatives. When anhydro-8-aminotetrahydrocarbazole-9-acetic 
acid is reduced with tin and hydrochloric acid, it is readily con- 
verted into anhydro-8-aminohexahydrocarbazole-9-acetic acid (V), 
which melts at 190° and is more basic than the tetrahydro-derivative. 
It is our intention to investigate this substance and its derivatives 
in more detail. 

The next case investigated was the behaviour of 8-aminotetra- 
hydrocarbazole with chloroacetic acid in the presence of ammonia, 
but the tetrahydrocarbazole-8-aminoacetic acid (VI) which was 
produced proved to be an amorphous substance, and all attempts 
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to convert it into the anhydro-derivative (VII) which we were 
desirous of investigating have so far been unsuccessful. 


~~ . H, 
o—6: (\—(E: 
io VA a ‘Pee 
nu N H, 
NH: CH, 6,1 OH, CO 


During the course of some experiments on the reduction of 
cyclohexanone-o-nitrophenylhydrazone, we found that this deriv- 
ative is converted, by boiling with sodium hyposulphite in the 
presence of alcoholic ammonia, into a brilliant yellow substance, 
(2H,;N3, which melts at 142°. Since this substance yields 
o-phenylenediamine and cyclohexanone when its solution in glacial 
acetic acid is boiled with zinc dust, it seems probable that its 
formation is correctly represented by the scheme 


CH, Aa 
(: -NH——N:07 gt me ff “SNE: me” “Oh. sonia 
/ NH-OH 4H, Ne \ / NE- at H, 
CH, H, 


ExPERIMENTAL. 


Ethyl Tetrahydrocarbazole-9-acetate (I).—The first step in the 
synthesis of this substance was as.-phenylhydrazinoacetic ester, and 
this was prepared from nitrosophenylglycine ester by reduction 
with zinc dust and acetic acid essentially by Harries’s method 
(loc. cit.) : 

C,H,;*N(NO)-CH,°CO,Et —> C,H,;*N(NH,)-CH,°CO,Et. 


The nitroso-derivative boiled at 167°/11 mm., the distillate being 
a viscid, pale yellowish-brown oil (Found: N = 13°3. C,9H,,0,N, 
requires N = 13°4 per cent.). When phenylhydrazinoacetic ester 
is mixed with half its weight of cyclohexanone, there is little rise 
of temperature or sign of interaction, but on heating the mixture 
for a quarter of an hour on the water-bath the colour darkens 
slightly and the mass becomes more viscid. The product may be 
distilled under reduced pressure, when practically the whole passes 
over at 208—211°/11 mm. and the distillate crystallises on cooling. 
On recrystallisation from methyl alcohol, ethyl tetrahydrocarbazole- 
9-acetate i$ readily obtained pure in colourless, slender needles 
melting at 77° (Found : C = 746; H=74; N=5°5. C,,H,,0,N 
requires C = 74:°7; H = 7:4; N = 5:4 per cent.). 
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This substance may be obtained more conveniently by dissolving 
phenylhydrazinoacetic ester (2 parts) and cyclohexanone (1 part) 
in glacial acetic acid (5 parts) and heating the mixture for a quarter 
of an hour at 100°, during which the colour of the solution changes 
to a deep reddish-yellow. 

After cooling, the addition of water precipitates a yellowish. 
brown oil which solidifies on rubbing, and the substance is then 
recrystallised from methyl alcohol. The yield is about 65 per 
cent. of the theoretical. 

It was subsequently found that the preparation of this sub. 
stance may be still further simplified and the isolation of the 
intermediate phenylhydrazinoacetic ester rendered unnecessary, 
with an increase in yield, by employing the following conditions, 
Nitrosophenylglycine ester (2 grams), dissolved in glacial acetic 
acid (20 grams), is reduced by the gradual addition of zinc dust 
(4 grams of 90 per cent.), the whole being well shaken and the 
temperature kept below 25°. The product is rapidly filtered, the 
zinc residue washed with a little acetic acid, cyclohexanone (1 gram) 
is then added, and the whole heated on the steam-bath and pre- 
cipitated with water. The yield of tetrahydrocarbazole-9-acetic 
ester is about 75 per cent. of theory. 

Tetrahydrocarbazole-9-acetic Acid.—The ester of this acid is 
insoluble in cold dilute sodium hydroxide and does not dissolve 
readily on boiling. It is, however, readily hydrolysed by boiling 
with 25 per cent. methyl-alcoholic potassium hydroxide, and, on 
cooling, the potassium salt of the acid separates in needles. On 
boiling off the alcohol, adding water, and acidifying, the acid is 
precipitated as a white, crystalline powder which is very sparingly 
soluble even in boiling water. It is soluble in ammonia and readily 
soluble in boiling glacial acetic acid or methyl alcohol, and crystal- 
lises in small, colourless, rhombic plates which melt at 200° (corr.) 
and decompose with evolution of gas at 210—215° (Found : C = 
734; H=66. C,,H,,0.N requires C= 73:4; H = 66 per 
cent.). 


Hydroxydihydroquinoxaline, CHa This substance 
2 


was first obtained by Pléchl (loc. cit.) from o-nitrophenylglycine by 
reduction with tin and hydrochloric acid, and subsequently Motylew- 
ski (oc. cit.) described a method for its preparation which consists 
in heating o-phenylenediamine with chloroacetic acid in the presence 
of zinc dust. This latter method claims to give a yield of 25 per 
cent., but we found that the product is very crude and difficult 
to purify. It was also found that the use of zinc dust is unnecessary, 
since a similar product and yield are obtained by heating an 
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aqueous solution of equal molecular quantities of o-phenylene- 
diamine and chloroacetic acid in a boiling water-bath for half an 
hour. Experiment showed, however, that when these substances 
are heated in neutral or alkaline solution a much better yield of 
product of excellent quality may be obtained. o-Phenylene- 
diamine (30 grams), dissolved in nearly boiling water (250 c.c.), is 
mixed with a solution of chloroacetic acid (26°5 grams) in a slight 
excess Of ammonia. The whole is heated in a boiling water-bath 
for an hour, the solution being kept distinctly alkaline by the 
frequent addition of small quantities of aqueous ammonia. On 
cooling, the liquid becomes filled with a mass of long, light brown 
plates of the hydrate of hydroxydihydroquinoxaline, CgH,ON,,H,0, 
which, after being collected and left exposed to the air until dry, 
weighs 32 grams, representing 70 per cent. of the theoretical yield. 
After drying at 100°, the substance melts at 135—137° and may be 
further purified by recrystallisation from benzene. The pure 
substance melts at 138° and dissolves readily in dilute hydrochloric 
acid, without any trace of the red coloration mentioned by previous 
observers, and this colour developed only very gradually when the 
acid solution was left exposed to the air. On the other hand, 
some of the by-products of the interaction impart a deep red 
colour to dilute acid and their presence in small quantity no 
doubt accounts for the above observation. 

Nitrosohydroxydihydroquinoxaline is readily obtained by dis- 
solving hydroxydihydroquinoxaline (30 grams) in water (1 litre) 
and concentrated hydrochloric acid (60 c.c.), cooling the solution 
below 10°, and then running in the theoretical amount of sodium 
nitrite in 10 per cent. aqueous solution. Crystallisation of the 
resulting pale yellow solid from boiling alcohol, in which it is 
sparingly soluble, must be carried out rapidly, otherwise there will 
be some decomposition with evolution of nitrous fumes and formation 
of hydroxyquinoxaline (see below). This decomposition is more 
noticeable on boiling with other solvents such as benzene and, to 
a still greater extent, glacial acetic acid, in which the substance is 
readily soluble. 

When rapidly heated in a capillary tube, the nitroso-derivative 
sinters slightly at 165° and decomposes vigorously at 178° with 
liberation of nitrous fumes and formation of hydroxyquinoxaline. 

Hydroxyquinoxaline, CH on .—This substance has already 
been described by Hinsberg (Annalen, 1896, 292, 248), who 
obtained it from hydroxyquinoxalinecarboxylic acid by the 
elimination of carbon dioxide. 

It may be readily obtained, in good yield, by boiling the con- 
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centrated alcoholic solution of nitrosohydroxydihydroquinoxaline 
for three hours, when, on cooling, long, narrow, pale brown, 
rectangular plates of hydroxyquinoxaline separate. After being 
washed with alcohol, the substance melts at 265°, as Hinsbe 
states (Found: C= 654; H=43; N=192. Calc., C = 658. 
H = 4:1; N = 19:2 per cent.). 

Anhydro-8-aminotetrahydrocarbazole-9-acetic acid (III) is readily 
obtained under the following conditions. Nitrosohydroxydi. 
hydroquinoxaline (as obtained directly by the action of nitrous 
acid on hydroxydihydroquinoxaline and without recrystallisation; 
10 grams) is suspended in glacial acetic acid (150 c.c.), and zinc 
dust (20 grams of 90 per cent.) gradually added with constant 
shaking, the temperature being kept below 25°. The nitroso. 
derivative gradually dissolves, and when solution is complete the 
whole is rapidly filtered, and the zinc residue washed with acetic 
acid before all the liquid has passed through the filter, otherwise 
the heating of the zinc residue in contact with the air causes decom. 
position of the hydrazine. The filtrate is immediately mixed with 
cyclohexanone (5 grams) and then gradually warmed to 30—40°, 
when interaction sets in with some rise of temperature and darken. 
ing of the solution. Slender needles soon commence to separate, 
and the whole is now kept at 50° for about ten minutes; the 
process will then be complete and the liquid almost filled with 
crystals. After being collected, washed with acetic acid, and dried 
in the steam-bath, the colourless substance weighs 7:2 grams, 
melts at 285° (corr.), and consists of anhydro-8-aminotetrahydro- 
carbazole-9-acetic acid (Found: C=748; H=62; N = 12%. 
C,,H,,ON, requires C= 743; H=62; N= 12-4 per cent,), 
When the above acetic acid solution is boiled with the needle 
modification of the crystals for a few minutes, a second modification 
results which crystallises in small, heavy, rhombic prisms and also 
melts at 285°.* Both modifications separate from methyl, ethy), 
or amyl alcohol in light, feathery needles, but on standing in 
contact with the solution for a day or two these gradually dis- 
appear, and change into the heavier, rhombic modification. The 
anhydro-derivative, which is sparingly soluble in cold concentrated 
hydrochloric acid, dissolves more readily on boiling and is pre- 
cipitated unchanged on the addition of water. 

Hydrolysis. On boiling with excess of methyl-alcoholic potassium 
hydroxide (25 per cent.), the finely divided anhydro-derivative 
gradually passed into solution and the addition of water then 
gave an almost clear solution of the potassium salt. After filtering 


* In the determination of the melting point the tube was sealed to prevent 
darkening and decomposition due to contact with the air. 
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and cooling in ice, the solution was acidified with acetic acid, when 
a grey precipitate separated which was largely but not completely 
sluble in dilute ammonia. After filtration, the acid was again 
precipitated, and dried in a vacuum desiccator over sulphuric 
acid, When it was observed that the substance was again not 
completely soluble in dilute ammonia, the free acid being evidently 
unstable. 

The freshly precipitated substance seemed to be considerably 
more soluble in cold methyl alcohol than the anhydro-derivative, 
but all attempts to obtain the acid pure by crystallisation from 
this solvent led only to the separation of the anhydro-derivative. 

Anhydro-8-aminohexahydrocarbazole-9-acetic acid (V).—This hexa- 
hydro-derivative is produced when the corresponding tetrahydro- 
derivative is reduced with tin and hydrochloric acid. 

The tetrahydro-derivative (3 grams) is suspended in a mixture 
of alcohol (18 c.c.) and concentrated hydrochloric acid (18 c.c.) 
and heated on the steam-bath with granulated tin (6 grams) for 
an hour. A further quantity of tin (4 grams) is then added and 
the heating continued for another hour. The cold product is 
filtered from a small quantity of unreduced substance, the residue 
washed with equal volumes of alcohol and hydrochloric acid, and 
the filtrate diluted with three volumes of water and allowed to 
stand, when small, pale yellow prisms gradually separate. These 
are collected and crystallised from boiling alcohol, in which the 
hexahydro-derivative is readily soluble and from which it separates 
in diamond-shaped plates melting at 190° (corr.) (Found : C = 73:7; 
H=69; N=12:1. C,,H,,ON, requires C= 737; H=70; 
N = 12°3 per cent.). 

Anhydro-8-aminohexahydrocarbazole-9-acetic acid dissolves with 
difficulty in dilute hydrochloric acid, but is moderately readily 
soluble in cold concentrated hydrochloric acid and is reprecipitated 
when the solution is diluted to twice its volume with water. 


Hydroxydihydroquinoxalineacetic acid, C RXoe (CH,-CO H,,CO.H)> CH). 


—During the investigation of the action of ddvtenniin acid on 
o-phenylenediamine, the above acid was obtained under the follow- 
ing conditions. o-Phenylenediamine (30 grams), dissolved in 
boiling water (250 c.c.), was mixed with a concentrated aqueous 
solution of chloroacetic acid (26°5 grams), and the whole heated in 
a boiling water-bath for thirty-five minutes. The resulting green 
solution deposited, on cooling, a greenish-blue powder which was 
collected and, after drying over sulphuric acid in a vacuum desic- 
cator, weighed 18 grams, and was evidently a mixture. On 


digesting with benzene, about half dissolved; the insoluble portion, 
4m* 
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consisting of grey needles (8 grams), separated from methyl] alcohol 
in stout, pale brown needles (Found: C = 58°83; H=51; N= 
13: 7. CygH0,N, requires C = 58:°2; H = 4:8; N = 13°6 per cent,), 

H bicnplliaivegninenilinenati acid melts at 232° (corr.) with 
decomposition, which is considerably higher than the melting 
point (212°) given by Hinsberg (Annalen, 1896, 292, 252) for the 
acid which he obtained by the hydrolysis of the ester (m. p. 163°) 
resulting from the action of chloroacetic ester on o-phenylene. 
diamine. In order to determine whether the two preparations are 
or are not identical, the ester was prepared exactly according to 
the method recommended by Hinsberg and found to melt, as he 
states, at 163°. When this ester was hydrolysed by methyl. 
alcoholic potassium hydroxide (25 per cent.), a potassium salt 
separated in needles. The aqueous solution of this salt was 
acidified with hydrochloric acid, the acid collected, and crystallised 
from methyl alcohol, from which it separated in needles melting 
at 229—231° with decomposition. That this acid is identical with 
the acid which we had prepared by the method described above 
was proved by a careful examination of its properties and by the 
melting point of the mixture of the two. 

That this acid is the product of the action of chloroacetic acid on 
hydroxydihydroquinoxaline is proved by the fact that it is actually 
formed, as we have found, when these substances are heated in 
aqueous solution. It is therefore evident that the acid must have 
the constitution represented at the head of this section and not 


the alternative formula, C,H oe eco, suggested by 


Hinsberg (loc. cit.). 

8-Aminotetrahydrocarbazole——The 8-nitrotetrahydrocarbazole re- 
quired in the preparation of this substance had already been 
obtained by Borsche, Witte, and Bothe (Annalen, 1908, 359, 67) 
from the o-nitrophenylhydrazone of cyclohexanone by boiling with 
sulphuric acid (1 vol.) diluted with water (9 vols.). 

We find that the yield under these conditions is only 35 per cent. 
of that theoretically possible and that a yield of 85 per cent. may 
be obtained by using more concentrated acid. Sulphuric acid 
(350 c.c.), diluted with water (700 c.c.), is heated at about 90°, 
well stirred, and the o-nitrophenylhydrazone (100 grams) gradually 
added, when an almost clear solution results which soon clouds 
whilst the temperature rises to 96—97°. In a short time, pale 
yellow plates commence to crystallise and soon fill the solution; 
after cooling, the mass is collected, washed with water and then 
with methyl alcohol; it then melts at 149—150° and consists of 
pure 8-nitrotetrahydrocarbazole. 


ile 
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§-Aminotetrahydrocarbazole may be obtained from the nitro- 
derivative by reducing it with alcoholic hydrochloric acid and zine 
dust as recommended by Edwards and Plant (this vol., p. 2398) 
or by the following alternative method, which we have found to 
give excellent results. 

8-Nitrotetrahydrocarbazole (12 grams), dissolved in _ boiling 
alcohol (240 c.c.), is mixed with saturated alcoholic ammonia 
(60 c.c.) and, while still boiling, sodium hyposulphite (155 c.c. of 
25 per cent. aqueous solution) run in rapidly with stirring. The 
pale brown liquid is cooled, filtered, poured into three volumes of 
water, and the precipitate collected and recrystallised from ether, 
from which 8-aminotetrahydrocarbazole separates in pale brown 
needles melting at 163—164° (Found: C=771; H= 76. 
CieH4N, requires C= 77:4; H=7'5 per cent.). The yield is 
4 grams. 

Tetrahydrocarbazole-8-aminoacetic Acid (VI).—The ammonium 
salt of this acid is produced when ammonium chloroacetate reacts 
with 8-aminotetrahydrocarbazole in alcoholic solution. 

Chloroacetic acid (1 gram) is dissolved in a mixture of alcohol 
(15 ¢.c.) and concentrated ammonia (5 c.c.), 8-aminotetrahydro- 
carbazole (2 grams) is then added, and the whole heated on the 
steam-bath in a reflux apparatus for two to three hours. The cold 
dark brown solution is diluted to three or four times its volume 
with water and dilute ammonia so that the liquid smells strongly 
of the latter. After being stirred and kept, the solution is filtered 
from the grey precipitate of unchanged aminotetrahydrocarbazole, 
and the filtrate made just acid with hydrochloric acid, when a 
light, usually greenish-blue, precipitate is produced and this is 
collected. On allowing it to dry in a vacuum over sulphuric acid 
and finally at 100°, a pale greenish-blue powder (1‘1 grams) is 
obtained which melts at about 190°. 

It is completely soluble in dilute ammonia, but on attempting 
to crystallise it from hot alcohol or dilute acetic acid it separates 
in an amorphous state with a deepening of the blue colour. The 
purest acid was obtained by dissolving the crude material in alcohol, 
adding twice the volume of ether, and then washing the ethereal 
solution with water until it was free from alcohol. The solution 
having been dried over anhydrous sodium sulphate and the ether 
distilled off, a pale brown solid remained which separated from 
dilute alcohol as an amorphous powder and melted at about 198° 
(Found: C= 693; H=6°7. C,,H,,0,N, requires C = 68'8; 
H = 6°6 per cent.). 

Several attempts were made to obtain the anhydro-acid from the 


acid by treatment with alcoholic hydrochloric acid under a variety 
4mu*2 
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of conditions, but without success, tarry products being formed in 
almost all cases. 

Reduction of cycloHexanone-o-nitrophenylhydrazone to the Com. 
pound (VIII).—In this experiment, the nitrophenylhydrazone 
(10 grams), dissolved in boiling alcohol (160 c.c.), was mixed with 
saturated alcoholic ammonia (50 c.c.) and then sodium hypo. 
sulphite (125 c.c. of a 25 per cent. aqueous solution) run in fairly 
rapidly, the whole being kept boiling during the addition. The 
deep orange colour of the solution gradually changed to light 
yellow, and at this stage the whole was cooled, filtered, diluted 
with water made slightly alkaline with ammonia, and extracted 
with ether. The ethereal solution was washed free from alcohol, 
dried over sodium sulphate, and the ether removed, when a syrup 
remained which, on rubbing, soon crystallised. The mass was 
then recrystallised from methyl alcohol, from which the new 
substance (3-2 grams) separated in brilliant yellow needles melting 
at 142° (Found: C=717; H=76; N= 208. C,,H,;N, 
requires C= 71'7; H=17:4; N = 20°9 per cent.). 

This substance is readily soluble in dilute mineral acids to a 
deep reddish-violet solution, and on boiling with dilute sulphuric 
acid (25 per cent. by volume) the colour changes to brown, but no 
indole formation takes place. It dissolves readily in hot alcohol 
to an orange solution and the colour is not discharged, but rather 
intensified, on addition of sodium. When the deep reddish-brown 
solution in glacial acetic acid was digested with zinc dust, the colour 
gradually faded. As soon as the solution was nearly colourless, 
it was filtered from the zinc dust, excess of potassium hydroxide 
added, and the whole distilled in steam; the cyclohexanone that 
passed over was recognised by its odour and by conversion into 
tetrahydrocarbazole. The liquid in the distillation flask contained 
a precipitate which was collected, dried, and distilled under reduced 
pressure, when a solid was obtained which was recognised as 
o-phenylenediamine by the intense reddish-brown colour produced 
when ferric chloride was added to its solution in dilute hydrochloric 
acid. 
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CCLX XIV.—Calcium Carbonate Hexahydrate. 


Com 
azone By Joun Epwin MAcKENZIE. 
with § Taz formation of calcium carbonate by the action of carbon 


dioxide upon a “ sugar-lime ” solution, that is a solution made by 


fairly § dissolving calcium oxide in an aqueous solution of sucrose, appears 

The § to have been first recorded by Daniell (J. Sci. Arts, 1819, 6, 32), 
light § but he makes no mention of the crystals being hydrated. Becquerel 
luted  (dnn. Chim. Phys., 1831, 47, 5), repeating Daniell’s experiment, 


acted obtained hydrated crystals. Pelouze (ibid., 1831, 48, 301) found 
ohol, § the density of these crystals to be 1°783/10° and stated that they 
yrup § lost five molecules of water of crystallisation at 100° and that 
was ff after boiling with concentrated alcohol there remained a hydrate 
new ff containing three molecules of water. He also prepared crystals 
Iting ff of the hexahydrate by the “ sugar-lime ” process and by mixing 


solutions of calcium chloride and sodium carbonate at 0° (Compt. 
rend., 1865, 60, 429). 

The occurrence of crystals of calcium carbonate pentahydrate 
is recorded by Salm-Horstmar (Pogg. Ann., 1835, 35, 515) and by 
Scheerer (ibid., 1846, 68, 381). 

The statement that calcium carbonate forms crystals contain- 
ing five molecules of water of crystallisation seems to have been 
accepted without question until Biitschli (Abhandl. kénigl. Gesel. 
Wiss. Géttingen, Math. Phys. K1., 1908, 6, nr. 31) published a 
comprehensive monograph ‘“ Untersuchungen iiber organische 
Kalkgebilde.” A full bibliography is given, and it is unnecessary 
to repeat it in this place. Biitschli prepared hydrated calcium 
carbonate in various ways and more especially from the blood and 
shells of crustacea. After washing the crystals with distilled water 
and then with alcohol, and quickly drying them in air, he found the 
loss of water on heating at 400° to be between 51:27 and 52°32 per 
cent. (CaCO,,6H,O requires H,O = 51°92 per cent.). The density 
was 1°752/1°8°. 

Vetter (Z. Kryst. Min., 1911, 84, 45) contributed further data as 
to the formation and properties of the hexahydrate, and Johnston, 
Merwin, and Williamson (Amer. J. Sci., 1916, 41, 471) obtained it 
by the interaction of 0°1M-solutions of calcium chloride and 
potassium carbonate in presence of 0°3 per cent. potassium hydroxide 
solution at about 0°. 

Copisarow (this vol., p. 785) has stated some very interesting 
points concerning “Marble, Synthetic and Metamorphic,” but 
until the existence of a pentahydrate and a trihydrate is based upon 
more secure analytical and more definite physical data than have 
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yet been recorded, it might be well to hold in abeyance the names 
“ hydrocalcite”’ and “ subhydrocalcite” suggested by him for 
these hydrates. 

When trying to isolate the compounds of sucrose with calciun 
oxide in 1913, the author unconsciously repeated the experiments 
of Daniell and of Pelouze and obtained, instead of the so-called 
sucrate of calcium, the hydrated carbonate. He has resumed the 
study of these compounds after an interruption of seven years and 
believing with Johnston, Merwin, and Williamson (loc. cit.) that 
the determination of two or more characteristics of the same speci- 
men is of more value than that of a single property, offers the 
following observations. 

The formation of hydrated calcium carbonate at temperatures 
between 0° and 10° by direct action of carbon dioxide upon solu. 
tions of calcium oxide or of solutions of carbonates upon solutions 
of other calcium salts is confirmed. The hydrate appears only to 
be formed under conditions which either ensure, or at least allow of, 
the dissolution of calcium carbonate in excess of carbonic acid and 
the subsequent breaking up of the bicarbonate thus produced. 

The analysis of the hydrated calcium carbonate, in which water, 
carbon dioxide, and calcium oxide were estimated, has shown that 
when large crystals, say about 1 mm. in diameter, with unetched 
faces, are rapidly washed with water and dried with filter-paper at 
4°, their composition is expressed by the formula CaCO,,6H,0. 

The crystalline forms described by Biitschli (Joc. cit.) and by 
Vetter (loc. cit.) have been repeatedly recognised and the micro- 
scope allows of the easy distinction of the hexahydrate from calcite 
and aragonite. A number of the crystallographic data given by 
Johnston, Merwin, and Williamson (loc. cit.) have been generally 
confirmed by Mr. David Balsillie of the Royal Scottish Museum, 
to whom I desire to express my indebtedness. 

The density of the hydrate has been found to be 1°777/3°, which 
is in close accordance with the numbers previously quoted. 

Experiments on the temperature of transition from the hydrated 
to the anhydrous state have not shown the existence of a definite 
transition temperature and in no case has the reverse change from 
anhydrous to hydrated state been observed. The existence of 
Iceland spar under arctic conditions would point to the non- 
reversibility of the change from hydrated to anhydrous state. 
Dilatometric experiments with unetched crystals showed dehydr- 
ation starting at about + 5°, but, once started, dehydration con- 
tinues at lower temperatures and it is impossible to stop it. The 
very slight solubility of the hydrate in water only allows of a small 
depression of the freezing point, so that dilatometric measurements 
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below 0° are soon influenced by the separation of ice crystals. 
The expansion curves do not indicate the formation of any less 
hydrated forms than the hexahydrate. 

Determinations of the solubility of the hexahydrate have shown 
that it is more soluble than either calcite or aragonite in boiled-out, 
distilled water. As compared with 0:01433 for calcite, 0°01528 for 
aragonite, both at 25° (Kendall, Phil. Mag., 1912, [vi], 23, 958), 
the figures for the hexahydrate at -+ 2° are between 0°03 and 0-04 
gram per litre. These figures are only relative, the amount of carbon 
dioxide in the water and in the atmosphere above it not being 
accurately known (compare Johnston and colleagues, J. Amer. 


(hem. Soc., 1915, 37, 2001; 1916, 38, 975). 


EXPERIMENTAL. 


Preparation of Calcium Carbonate Hexahydrate—To a solution of 
50 grams of sucrose in 500 c.c. of distilled and boiled-out water, 
at about 2°, was added finely powdered, freshly ignited calcium 
oxide. The addition of a little at a time and rapid stirring caused 
more to be dissolved than if the lime is added in quantity, and 
simply shaken up. In one experiment in which quicklime was 
added as above, the mixture rapidly stirred for three hours, then 
kept over-night, and the clear solution, after siphoning off from the 
undissolved sediment, again treated in the same way, it was found 
to be 0°166N with respect to calcium oxide after the second satu- 
ration, and 0°3N after the third. In another instance, a 0°59N- 
solution was obtained. 

If large crystals were desired, a quantity of the sugar-lime solution 
was placed in a crystallising dish embedded in ice in a large pot 
in an ice-cupboard. Carbon dioxide, freed from dust by passage 
through a layer of cotton wool, was then allowed to displace the air 
in the pot. The surface of the solution soon became turbid and 
after an hour or two crystals began to grow downwards into the 


solution. At intervals of four or five hours, more carbon dioxide 
was introduced and as the crystals grew heavier, they fell to the 
bottom of the crystallising dish. Crystals more than 10 mm. in 
length were frequently formed in this manner. 

To get some idea within what temperature limits the hexahydrate 
is formed, numerous experiments were performed in which carbon 
dioxide was injected through a capillary tube into the sugar-lime 
solution at temperatures ranging from 0° to 20°. The changes 
usually observed were that the solution, after remaining clear for a 
few seconds while the gas was being absorbed, became turbid owing 
to the formation of a jelly, like starch paste, then frothed for a 
minute or two, and finally the jelly disappeared and at the same 
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time a colourless, crystalline precipitate began to form. ‘T'able | 
summarises the results (a is the normality of the sugar-lime solutioy 
with respect to calcium oxide). 


TABLE I. 
a. Temp. Product. a. Temp. Product. 
0-59 5° Hexahydrate 0-1 ag Hexahydrate 
0-3 6 i 0-09 15 pe 
0-1 8 * 0-09 17 Do. (traces) 
0-1 10 - 0-09 20 No hexahydrate 


The sugar-lime solution and other viscid solutions favour the 
formation of the hexahydrate and also lessen the rate of dehydration 
of the hexahydrate. In an experiment in which water was saturated 
with carbon dioxide at 14°, some milk of lime added, and more 
carbon dioxide passed into the liquid, a white precipitate was 
formed which displayed no crystals on microscopic examination 
even after standing for a day. 

In another experiment, a 0°03N-sugar-lime solution was saturated 
with carbon dioxide at 9°, filtered in an atmosphere of carbon 
dioxide, and placed in an exsiccator filled with the gas and having 
sticks of potassium hydroxide to absorb the gas. A film grew on 
the surface and at the bottom of the solution which proved to be 
calcite. Under similar conditions, but at 2°, the hexahydrate 
crystals were formed. 

A mixture of 10 c.c. each of a 10 per cent. solution of calcium 
chloride and an equivalent solution of sodium carbonate at + 2° 
produced a white paste, which when examined under the micro- 
scope appeared to be gelatinous, but after three minutes small 
crystals appeared and these had the characteristic appearance of 
the hexahydrate. These small crystals became dehydrated rapidly 
in air or even under water. 

Analysis of Calcium Carbonate Hexahydrate-—The difficulty of 
isolating hexahydrate crystals free from adherent moisture, but 
without loss of water of crystallisation, has been got over by 
Biitschli and by Vetter by rapidly washing the crystals with water 
and with absolute alcohol and blowing air over the residue. In this 
manner, Biitschli, using quantities of crystals weighing between 
01375 and 0°2257 gram, found the water of crystallisation to be 
from 51:27 to 52°32 per cent. Similarly, Vetter, using 0°0858 to 
0°1722 gram, found the percentage to vary between 51:1 and 51:97. 
After numerous trials in which percentages of water varying from 
26 up to 56 were found, the following method was found to give 
good results. The crystals were examined under the microscope 
and, if found to have good faces free from etching, were washed six 
times with water at 2°, The crystals were broken up by kneading 
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them under water with a flexible spatula, the liquid swilled round 
and poured off from the large heavy fragments. In this way all 
the dehydrated and other small particles were decanted off, and 
only large fragments of crystals remained. These were then rapidly 
dried between filter-papers at -++- 2° until no traces of moisture on 
the paper could be detected and the product resembled a colourless, 
crystalline, coarse sand. The drying should not occupy more than 
twenty minutes. The large fragments present a small surface and 
the escape of water of crystallisation is very slight compared with 
that observed in small crystals. The loss of weight at 180° was 
measured. The carbon dioxide was estimated either by the loss 
of weight on ignition or by liberating the gas by means of 0°508N- 
hydrochloric acid and absorbing it by potassium hydroxide solu- 
tion in a Geissler potash bulb. The calcium oxide was determined 
by direct weighing and by titration with 0-508N-hydrochloric 
acid. 
TABLE II. 


P Water of crystal- 
— lisation. Carbon dioxide. Calcium oxide. Total. 
of sub- c va ; ~ “ ; , 
stance. Weight. Per cent. Weight. Per cent. Weight. Per cent. Per cent. 


1 1:5350 0-7870 51-27 0-3314 21-59 0-4166* 27-14 100-00 
0-4171¢ 27:17 100-03 

2 12044 0:6140 51-0 

3 08134 0-4156 51-1 

4 1-0236 0-5328 52-05 


Theory for 
CaCO;,6H,O 51-92 21-15 26-93 100-00 
5 0:7210 0-3022 41:92 00-1747 24:23 0-2369 32-86 99-01 


Theory for 
CaCO,;,4H,O 41-85 25-59 32-56 100-00 
* Direct weighing. t By titration. 


By exposure to the air or immersion in water, the hexahydrate 
gradually becomes dehydrated and it is quite possible to obtain 
analytical figures corresponding to hydrates containing five, four, 
three, two, or one molecule of water of crystallisation. Micro- 
scopic examination invariably shows etched crystals present in 
preparations giving figures corresponding to these lower hydrates, 
As an example may be quoted the analysis (5) in Table II of a 
preparation in which the drying occupied two hours, and others from 
preparations more dehydrated could be adduced. 

It was thought that the temperature at which the hexahydrate 
crystals remained in equilibrium with air saturated with water 
vapour might be measured and therewith the vapour pressure 
of the hydrate determined. Accordingly, 3°9446 grams of crystals 
(analysis No. 4 above) were exposed to moist air in a closed vessel 
containing water and a large expanse of wet filter paper at 4° + 2°. 
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The shallow weighing-bottle, which held the crystals, after being 
wiped with a dry cloth and the lid replaced, was weighed at intervals 
and the weighings showed only a slight increase and indicated that 
equilibrium had been attained. The figures obtained were : 
Time (days) 1 2 4 5 6 7 8 11 12 
Increase (mg.) 166 25°6 48°6 30°6 37:6 446 32°6 692 63°6 

These figures are, however, entirely fallacious. After removal 
of adherent moisture from the residual solid, 0°4058 gram was 
heated at 150° and lost 0:0008 gram, thus proving that the hydrated 
carbonate had entirely lost its water of crystallisation. Micro- 
scopic examination showed the residue to consist of calcite. The 
water separated from the crystals had adhered to them, being in 
equilibrium with the water (vapour and liquid) in the closed vessel ; 
hence the practical constancy in weight. 

Transition Temperature Experiments.—In a preliminary experi- 
ment the changes undergone by perfectly transparent crystals were 
followed under the microscope, the crystals being immersed in 
water in a flat-bottomed glass dish, resting on a copper plate, 
which was heated by a small flame. At this comparatively rapid 
rate of heating the crystals quickly became opaque at 19°. 


TABLE III. 
Dilatometer Experiments. 
No. 1. © No. 2. © No. 3. io) 
Scale Scale ; Scale 
Time. reading Time. reading ‘Time. reading 
Hrs. min. #. (mm.). Hrs. min. ¢t (mm.). Hrs. min. ¢. (mm.). 
0 Oo 3-2° 10-0 0 0 0-1° 11-8 0 O 15° 23 
0 49 1-2 8-6 16 50 0-2 14-2 22 15 5-0 1-4 
17. (43 6-6 9-0 24 Ill 0-2 16-0 43 25 7-0 3-3 
18 37 100 10:8 24 42 —100 161 66 38 8-2 21-2 
19 41 12-4 12-9 26 54 —100 16-9 71 7 8-8 26-7 
20 4 #4131 «13-9 40 47 — 80 19-7 89 42 10-1 58-6 
20 34 15:0 16-9 46 26 —70 20-6 95 10-7 73:6 
20 44 151 181 70 37 —60 23:0 113 12 12-0 beyond 
20 54 149 19-3 112 53 —3-0 26-1 scale 
21 8 133 205 139 Ill +2-0 19-5 
21 20 120 21-1 148 8 +10 20-8 No. 4. A 
22 59 9-8 270 161 44 5-0 48-4 0 O 0-2 —1°5 
23 29 0-1 24:0 162 22 5:0 50-4 1 35 0-3 + 0-2 
24 24 0-1 245 163 38 52 54-4 4 10 0-5 1-2 
24 36 6-8 27-2 163 56 0-0 50-5 7 3 1-0 1-1 
260—C1 72 30-7 166 13 0-0 55-4 19 50 3-0 0-9 
26 57 7-5 33-2 184 56 +2-7 171-7 25 37 4:5 0-9 
41 49 10 375 211 16 10-0beyond 43 38 75 3°7 
42 19 4:3 39-0 scale 49 45 8-5 14-6 
45 4 8-2 44-9 69 37 10-5 888 
46 38 9-1 49-7 92 22 11-0 118-0 
48 44 13:0 57-9 116 45 12-0 122-0 
67 44 7-4 67-7 164 15 12-8 122-8 
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The great difference between the density of the hexahydrate 
and that of calcite suggested the use of the dilatometer for measur- 
ing the transition temperature. The relative molecular volumes 
of calcium carbonate hexahydrate and of calcium carbonate (calcite) 
+6H,O should be 208/1°77=117°5 and 100/2°72 + 1081 = 
144°7, respectively. 

This being so, the increase in volume due to the change of the 
hydrate crystals into calcite crystals and free water should be easily 
measurable. 
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In Table III are given the time, temperature, and scale readings, 
which are shown graphically in Fig. 1. The measurements in 
series No. 1 were made in a dilatometer with a bulb 125 mm. long 
and 14 mm. in bore. The bulb was filled with large, dried crystals 
treated as if for analysis. The apparatus had all been cooled in 
ice and the operations of filling and sealing the bulb tube were 
effected as quickly as possible. Cold wet paraffin oil was then 
introduced with the aid of an air-pump. The dilatometer with 
mm. scale attached to the capillary tube was inserted into a 6-gallon 
drum filled with ice water and provided with a mechanical stirrer. 
Readings, too numerous to be fully recorded here, were taken at 
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intervals of ten minutes, the temperature being raised from 6:6° 
to 15:1° in three hours. The temperature was then lowered and at 
night the thermostat was filled with ice. As will be obvious from 
the diagram, lowering of the temperature does not inhibit the change 
from hexahydrate to anhydrous calcium carbonate. It may also be 
noted that at the conclusion of each experiment the product showed 
the characteristic appearance of calcite on microscopic examination. 

In series No. 2, the conditions of experiment were those in series 
No. 1, except that a thermos flask replaced the iron drum and thus 
the temperature could be kept constant for a lengthened period. 
From the curve in Fig. 1 it is obvious that until the temperature 
approached 5° the hydrate was fairly stable, but that once change 
had set in, the lowering of the temperature did not stop it. 

In series Nos. 3 and 4, the dilatometer bulb was 95 mm. long 
and 10 mm. in internal diameter. The bulb was filled with crystals, 
which had been thoroughly washed with ice-cold water but not 
exposed to the air. The crystals, mixed with water, were sucked 
into the bulb, which had a small plug of cotton wool to prevent the 
crystals getting into the capillary, and in this way the bulb was 
filled with practically unetched crystals. After the bulb had been 
sealed, water was brought in to fill the space unoccupied by crystals. 
Readings were made at much longer intervals than in the first two 
series, and it will be observed that the curves follow each other 
closely. In No. 4, a long capillary tube allowed of the change of 
volume due to dehydration being followed to completion. 

Solubility of Calcium Carbonate Hexahydrate—The water used 
was boiled-out water and all the glass apparatus was washed with 
sodium hydroxide, with nitric acid, and repeatedly with water. 
The evaporation was carried out in a platinum basin on a steam- 
bath under a glass funnel. <A glass bottle of 2,400 c.c. capacity 
was fitted with a rubber bung carrying a stirrer and a thermometer. 
This bottle, in a perforated zinc container, was immersed in ice 
and water, the temperature being near 2°. A blank experiment was 
made as follows: Water was boiled in distilling flasks holding 1°5 
litres, then cooled to 2°, the neck and side tube being plugged with 
cotton wool, and transferred to the large bottle and stirred for 
twelve hours. It was then siphoned off through a tube with cotton- 
wool filter into a similar large bottle and evaporated in the platinum 
basin. The residue from 1,200 c.c. of water weighed 0°0077 gram. 
Presumably less than this quantity was present in the water used 
in the two following determinations, in the first of which well- 
washed crystals of the hydrate were brought into the large bottle 
and stirred for twelve hours at 2° and kept over-night before 
the solution was siphoned off. In the second determination, fresh 
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water was added to the undissolved hydrate residue of the first 
determination. The presence of a quantity of dehydrated crystals 
probably accounts for the smaller solubility in the second experi- 
ment. The volume of solution evaporated in the first determination 
was 1,970 c.c. and in the second 2,000 c.c. The solid residue per 
1,000 c.c. after deducting 0°00641 gram as allowance for dissolved 
solid in the water, amounted to 0°0418 gram in the first and to 
00303 gram in the second experiment. The total residue of the 
second experiment lost 45-09 per cent. of its weight on ignition, 
the percentage of carbon dioxide in calcium carbonate being 44:0 
per cent., thus showing that this residue consisted of practically 
pure calcium carbonate. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY OF EDINBURGH. [Received, August 2nd, 1923.] 


CCLXXV.—The Constitution of Soap Solutions : Migra- 
tion Data for Potassium Oleate and Potassium Laurate. 
By James Witi1am McBain and Ricuarp CHARLES BowWDEN.* 


THE theory of colloidal electrolytes was developed f in order to 
reconcile the data for conductivity, osmotic pressure, and viscosity 
of solutions of soap, proteins, dyes, and many other substances. 
The essential assumption was the conception of the ionic 
micelle, a colloidal particle exhibiting conductivity much greater 
than that of the sum total of all the single ions which had been 
aggregated to form it. Although a large amount of quantitative 
evidence of many kinds has been obtained in support of this 
assumption, it was essential to establish it by the direct experi- 
mental measurements described in the present paper. The results 
are in surprisingly good agreement with all the data obtained by 
other methods. 
EXPERIMENTAL. 

In doubtful or difficult cases the only trustworthy method 

of determining mobilities is the original analytical or Hittorf 


* Experimental work by R. C. B. 

+ For references see Ber., 1910, 48, 321; Z. physikal. Chem., 1911, 76, 2; 
T., 1911, 99, 191; 1912, 101, 2042; Trans. Faraday Soc’, 1913, 9, 99; Kolloid 
Z., 1913, 12, 256; T., 1914, 105, 417, 957; 1918, 118, 435; J. Soc. Chem. Ind.," 
1918, 837, 2497; T., 1918, 118, 825; 1919, 115, 1279; J. Amer. Chem. Soc., 
1920, 42, 426; Proc. Roy. Soc., 1920, [A], 97, 44; T., 1920, 117, 530; Third 
Colloid Report of the British Assocn., 1920, pp. 1-30; T., 1920, 117, 1507; 
J. Soc. Chem. Ind., 1921, 40, 277; 1922, 41, 1477; T., 1922, 121, 621, 711, 
1101, 1320, 1362, 2161, 2325. 
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method. This is particularly the case in view of the fact that 
movement of various particles in an electrical field is of the same 
order of magnitude as the movement of ions, in spite of the enormous 
difference in equivalent conductivity. In the present instance the 
equivalent conductivity of the ionic micelle is distinctly greater 
than that of any ordinary ion. 

Elaborate care has been taken in the measurements here described 
in the hope of obtaining trustworthy and moderately accurate 
data. Unknown and uncontrollable reactions at the electrodes 
were eliminated through the interposition of guard solutions of 
potassium sulphate between the soap solution and each of the 
electrodes. In place of the three portions into which the solution 
is usually divided after electrolysis, use has been made of seven, 
in order to follow with more certainty the changes of concentration 
throughout the apparatus. Silver coulometers were used at both 
ends of the apparatus to detect any leakage of current. They were 
found to give identical results within 0°1 per cent. All determin- 
ations were made at 18°0°. 

Analyses were made for both constituents of the soap solution 
both at the anode and the cathode, so that each experiment gave 
four more or less independent determinations of the migration 
number. In very few instances in the literature has a measurement 
been made of the movement of both anion and cation and in this 
case the fact that the two together are found exactly to account 
for the total current affords a useful check on the possible nature 
of the ions in solution; for instance, the effect of hydrolysis 
alkalinity is seen to be negligible in conformity with previous work. 

The Apparatus Employed (Fig. 1).—The migration apparatus 
consisted of three U-tubes, A, B, and C, made from l-cm. boro- 
silicate tubing and united by ground joints at D and E. The 
total capacity was 130 c.c. The platinum electrodes were sealed 
in through the hollow ground stoppers, F and G, just below the 
stop-cocks. The tubes were cleaned before each experiment with 
dichromate mixture. 

The apparatus has first to be set up with potassium sulphate 
solution without contaminating the rest of the apparatus. This 
is done by introducing the sulphate solution through the openings 
F and G, those at D and E (free from vaseline) being closed with 
tubber stoppers. By momentarily loosening the rubber stoppers, 
the solution is allowed to go round the bend to the required extent 
(which is further in the case of the anode). When the outside 
legs have been filled nearly to the top, the electrode stoppers are 
replaced, all vaseline is removed from H and K, and the tube is 
weighed. The three U-tubes are now put together and mounted 
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on a stand, joints D and E having been well vaselined and pressed 
together by stout, rubber bands. 

Soap solution is now placed in the apparatus, but the first 
portions in A and C have to be introduced through a capillary 
pipette with upturned flaring tip (Fig. la), held just in the surface 
of the liquid so as to avoid any mixing of sulphate and soap 
solutions. The levels are equalised and stoppers H, I, J, and K 
well vaselined and closed. The apparatus is kept in the thermostat 
for twenty minutes before the current is turned on. 

At the conclusion of the experiment, five consecutive middle 
portions are removed by means of pipettes through I and J, for 
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The migration apparatus. 


weighing and analysis, the boundaries of the portions being 
indicated by the dotted lines in the figure. Tubes A and C are 
then detached (H, K, D, and E being freed from vaseline) and 
weighed together with the rubber stoppers at D and E. This gives 
the weights of the anode and cathode solutions which have to be 
corrected for the weight of gas evolved during electrolysis as 
calculated from the coulometer readings. 

All vessels, instruments, and solutions were carefully standardised 
before use. 

Materials. —The authors’ thanks are due to Mr. Elsdon of Salford 
for a supply of methyl laurate, from which some of the lauric acid 
used was isolated during the years after the war in which it could 
not be obtained commercially. This was used in experiments 
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5 to 11. In subsequent experiments lauric acid, and finally potass. 
ium laurate, supplied by Kahlbaum, were employed. The solutions 
of oleate were made up from oleic acid “‘ Kahlbaum,” potassium 
drippings, and conductivity water in the manner previously 
described (T., 1914, 105, 417). The purest potassium sulphate 
obtainable was twice recrystallised. Chesebrough vaseline was 
used for greasing joints in the apparatus after being boiled out 
with four changes of distilled water, filtered, and dried. 

Method of Analysis of Soap Solution.—To a weighed quantity of 
solution, washed into a beaker, a measured excess of standard 
hydrochloric acid is added slowly from a pipette with vigorous 
stirring. The precipitated fatty acid is filtered off and washed 
free from hydrochloric acid with distilled water. The filtrate is 
titrated with standard alkali, phenolphthalein being used, for the 
determination of the total concentration of soap and hydroxide. 
The fatty acid is dissolved in boiled-out ether-alcohol and titrated 
with potassium hydroxide, the solvent at the end point being 
70 to 80 per cent. boiled-out alcohol. All calculations are based 
upon weight of water as solvent, and concentrations are expressed 
in weight normality referred to 1000 grams of water. 

In recording the migration results, for the sake of clearness of 
comparison, all the data are expressed in terms of gain or loss of 
fatty acid radicle. For instance, a gain in potassium at the cathode 
amounting to 15°8 per cent. of the total number of equivalents 
electrolysed, as measured by the coulometer readings, which 
would usually be expressed as a value for the transference number 
of the kation, K, = 1 — n = 0°158, is here expressed as n = 0°842 
or 84:2 per cent. 

Experimental Data.—Table I shows the results of three pre- 
liminary experiments with solutions of potassium oleate. These 
experiments were carried out in an apparatus made with soda- 
glass, and in experiments 1 and 2 the only available materials were 
solutions which had been kept for a long time in Jena bottles with 
well-vaselined stoppers. Further, in experiment 1 the analysis of 
the middle portion was used as the basis of the calculations for the 
end portions. Three middle portions were actually employed. 
Five per cent. potassium sulphate solutions were used at the 
electrodes. The current was 7 milliamps. for 120 minutes, in each 
case 80 volts being used. The coulometer reading was between 
62 and 69 milligrams of silver. 

Subsequent experiments were carried out in the borosilicate 
apparatus, seven portions being analysed in each case. The 
original solutions were analysed in quadruplicate both for potassium 
and oleate radicles. In experiment 24, 80 volts were used, and 
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TABLE I, 
Preliminary transport data for potassium oleate, expressed in terms 
of oleate radicle transferred per equivalent of current. 


Anode analysis. Cathode analysis. 


Expt. Cone. K. Ol. K. OL. Mean. 
1 0-24N 0-71 0-69 ae (0-63) 0-70 
2 0-20N 0-84 0-62 0-60 0-81 0-71 
3 0-32N 0-78 0-82 0-84 0-93 0-84 


Mean n = 0°75. 


in 25, 500 volts, otherwise 220 volts were employed, the current 
being passed for between 70 and 120 minutes, giving between 
7 and 35 milliamps. according to the conductivity of the soap, 
about 0°2 gram of silver being obtained in the coulometers. The 
guard solutions of potassium sulphate were between 3 and 5 per 
cent. 


TABLE II. 
Transference data for 0°5N-potassium oleate expressed in terms of 
oleate radicle. 
Equivalents change. Transference number (n). 


Expt. Portion. K. analysis. Ol analysis. K analysis. Ol analysis. Mean. 


Anode (—0-223) + 0-679 | 
AMP +-(0-041)  — 0-026 | 2 a 
Fo +(0-026) + 0185 | (0-831) 0-670 
12/ MMP — 0-013 + 0-002 
CMMP + 0-008 — 0-009 0-703 
CMP — 0-010 — 0-012 ) on _ 
Cathode +0258 —oemes 752 0-688 
r Anode — 0-313 + 0-685 | 
AMP — 0-005 — 0-008 ae 
AMMP — 0-041 — 0-017 0-630 0-652 
i3/ MMP —0011 — 0-008 | 
CMMP nts + 0-003 0-691 
CMP — 0-022 — 0-019 ) ee = 
(Cathode +0252 —oegis 7 0-710 


Mean of all values of nm = 0-696. 


Although the apparatus was not designed for use with dilute 
solutions, it was nevertheless of great interest to carry out an 
experiment at a dilution where the soap had been found by previous 
methods to be an ordinary crystalloidal electrolyte. The data for 
such a case are shown in Table V. The predicted value for a 
simple potassium salt of any acid of high molecular weight is 0°24. 

Experiments 15 to 18 with 0°2N-potassium laurate, and 19 and 
20 with 1:0N-potassium laurate, yield transference data in which 
the solvent is aqueous glycerol. Here the soap should be slightly 
less colloidal than in pure water; this is borne out by the data 


Expt. Portion. 
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Expt. Portion. 


K analysis. 


— 0-269 
— 0-319 
— 0-036 
+ 0-001 
— 0-046 
+ 0-491 
+ 0-632 
— 0-806 


Mean of all values of n = 0-546. 


Equivalents = 


K analysis. 


012 


AMP toCMP + 0: 015 


+ 0-331 
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Transference number (n). 


0-555 


0-622 


0-490 


0-627 


0-5456 


0-539 


0-522 


0-756 


0-666 


0-658 


0-706 
0-689 
0-015 
0-669 


Mean of all values of n = 0-674. 


K analysis. L analysis. 


2 } (0-376) (0-470) 


0-566 


0-605 


0-523 


0-635 


0-471 


0-4915 


0-5194 


0-577 


0-552 


Transference data for 0:2N-potassium laurate. 


Transference number (n). 


K K analysis. & analysis. 


0-600 


0-692 


0-665 


0-687 
0-647 
0-006 
0-655 


T'ransference data for 1‘0N-potassium laurate expressed in terms of 
laurate radicle. 


Equivalents change. 


Mean. 
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0-561 


0-549 


0-520 


0-548 


Mean. 
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TABLE V. 
Transference data for 0°05N-potassium laurate. 


Equivalents change. Transference number (n). 


Expt. Portion. K analysis. L analysis. K analysis. L analysis. Mean. 


Anode to CMP — 0-802 + 0-151 ) 0-20 0-15 
25 CMP — 0-043 — 0-041 f 0-22 
Cathode -+ 0-709 — 0-230 0-29 0-23 
Anode to CMP — 0-852 + 0-111 ) 0-15 0-11 
26 CMP — 0-059 — f 0-29 
| Cathode — 0-507 — 0-411 0-49 0-41 
Anode — 0-627 + 0°359 
AMP to MMP — 0-039 — 0-069 | 0-31 0-26 
27 CMMP — 0-013 — 0-017 | 0-33 
CMP — 0-011 — 0-017 
Cathode -+ 0-623 — 0-373 0-38 0-37 


Mean of all values of n = 0-28. Predicted (for simple salt) n = 0-24. 


TABLE VI. 


Transference data for 0°2N-potassium laurate in dilute glycerol 
expressed in terms of laurate radicle. 


Equivalents change. Transference number (n). 


% Gly- z Sa apni: 
Expt. cerol. Portion. K analysis. L analysis. K analysis. L analysis. Mean. 
Anode — 0-481 —| 
AM + 0-021 sank 0-552 — 
15 3974/MM +40-012 aan 0-625 
OM — 0-033 oa _ , 
Cathode ++ 0-335 ae 0-698 
Anode — 0-525 + 0-487 § 
AM + 0-061 + 0-112 0-529 0-632 
16 5:04 JMM — 0-007 + 0-033 0-632 
CM — 0-063 + 0-021) a | 
- 0814 _oessy 749 0-617 
Anode (— 0-4866) + 0-5516 
AM +(0-0178) + 0-0751 0-6367 
17 504MM —0-0044 +0-010 | 0-647 
CM — 0-0322 — 0-0128 “ ! 
C + 03578 —o-6261f 8744 0-6389 
Anode — 0:3447 + 0-6331 
AM — 00325 — 0-057 i 
[aie —0-0107 —o-0228f 8138  0-5672 
18 197 41MM + 0:0017 + 0-0140 0-633 
lee — 0:0035 — 0-0044 
CM + 0-0029 +0:0068) a2o- o— 
Cc +0-2996 —o-6594f P6975 06526 


Mean of all values of nm = 0-634. 


in Tables VI and VII. Three per cent. solution of potassium 

sulphate was used with 0:2N-, and 5 per cent. with 1‘0N-laurate. 
Transference of Water—The migration or Hittorf numbers having 

now been established, it became necessary to find out whether a 
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TABLE VII. 


Transference data for 1:0N-potassium laurate in dilute glycerol 
expressed in terms of laurate radicle. 


% Gly- Pia kates hice 5. 5 scala “1 
Expt. cerol. Portion. K analysis. L analysis. K analysis. L analysis. Mean. 
Anode —0-174 + 0-794 
AM — 0-283 — 0-312 y 
AMM —0-020 — 0-045 0-524 0-440 
19 4271 MMM +(0-044) + 0-003 
| CMM —0-005 + 0-007 0-501 
CM + 0-025 — 0-002 : 
C +0:476 — 0-540 0-499 0-541 
20 4:70 ; Anode — 0-2033 + 0-8009 
AM — 0-3017 — 0-2970 a Pera 
AMM —0-0404 —0-0378  O°4443  0:4625 
} MMM —0-0103 — 0-0036 0-467 
CMM + 0-0042 + 0-0058 
. Ly Ae f ” 1 os ‘ 
ERE FSR ows: ove 


Mean of all values of n = 0-484. 


correction for hydration of soap would greatly alter them or leave 
them substantially unaffected. This has a decisive bearing upon 
the question as to how much neutral soap is involved in the ionic 
micelle. 

The method employed is that suggested by Nernst, in 1900, 
since used by Buchbéck and by Washburn, etc. It depends on the 
use of a non-electrolyte as reference substance and the measurement 
of its apparent movement during electrolysis. 

The selection of a suitable reference substance is attended with 
considerable difficulty in the case of soap solution, and in spite 
of prolonged search a completely satisfactory substance has yet 
to be found. It must be such that it will not migrate with the 
current, will not react with the electrodes, solvent, solute, or 
products of electrolysis, and finally must not be sorbed by soap. 
Miss Laing (T., 1921, 119, 1669) has shown that out of a large 
number of substances, glycerol was the only one not sorbed by 
soap fibres in the presence of saturated solution of sodium 
chloride. 

The analysis of dilute solutions of glycerol in the presence of 
large amounts of soap is open to large sources of error, owing to 
the necessity for decomposing and removing the soap and to 
volatilisation of glycerol] during evaporation of the milky aqueous 
residues. Further, a small error in the determination of the 


reference substance is highly magnified when expressed in terms 
of hydration. 


glycerol 


0-501 


467 
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In experiments 15 to 20, after removal of the soap and 
neutralisation, the filtrates were evaporated, the glycerol was 
extracted by ether-alcohol (1 to 3), and the extracts were evaporated ; 
the glycerol, now in a small flask, was finally dried for forty-eight 
hours in a vacuum desiccator. A condenser with ground-in joint 
was then fitted and the acetin analysis carried out by the inter- 
national method (J. Ind. Eng. Chem., 1911, 3, 679). In experi- 
ments 21—24, a modification of the dichromate method was 
employed which was developed by Bennett and will be described 
in another communication. This permits of much greater accuracy 
in the analysis of dilute solutions of glycerol in presence of soap 
made from pure saturated fatty acids. 

The amount of water moved relative to the glycerol per equivalent 
of current is obtainable directly from the complete analysis of the 
contents of either the anode or cathode compartment. In experi- 
ments 21—24, use was made of the value of the Hittorf number 
previously obtained, the results being calculated as follows : 

The weight of water and soap is first corrected for the Hittorf 
movement of potassium and laurate relative to the water, which 
leaves the weight of soap and water in the same proportion as in 
the original solution and hence yields the weight of water present 
after electrolysis. This is compared with the amount of water 
which before electrolysis accompanied the amount of glycerol 
determined by analysis, the difference being the water transported. 
The results, given in Tables VIII, IX, and X, are expressed both 
in terms of water transported per equivalent of current and in 
terms of the correction to be added to the Hittorf number for the 
effect of hydration. It will be seen that the correction cannot 
exceed one unit in the first decimal place. 


TaBLeE VIII. 


Water transference per faraday in 0°2N,,-potassium laurate containing 
glycerol (acetin method). 


Initial Final Grams of 
% of % of water Migration 
Expt. Ny-KL. glycerol. Portion glycerol. transferred. correction. 
15 0-2037 3-974) Anode 4-392 - 
GO) Cathode «©4515 + OSI +o" 
16 0-2025 5-036 Anode 4-917 + 0-347 + 0-07 
MMP 5-068 — 0-067 —_ 
Cathode (4-039) — 5-03 (— 1-07) 
17 0:2025 5-036 Anode 4-652 -+ 1-490 + 0-32 
18 0-1955 1-966 Anode 1-902 + 1-471 + 0-25 
MMP 2-144 — 0-870 ~= 
Cathode 2-054 — 0-729 + 0-12 


Mean -+- 0-1 
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TaBLE IX. 
Water transference per faraday in 1-0N,,-potassium laurate containing 


Expt. Ny-KL. glycerol. Portion. 


19 0-9833 
20 1-0084 


glycerol (acetin method). 


THE CONSTITUTION OF SOAP 


Initial Final Gram of 
% of % of water Migration 
glycerol. transferred. correction. 
4-267 Anode 4-213 + 0-154 + 0-07 
Cathode 4-381 — 0-289 + 0-13 
4-701 Anode 4-772 — 0-609 — 0-23 
CMM 4-749 — 0-081 
Cathode 4-766 — 0-125 + 0-06 
Mean + 0-1 
TABLE X. 


Water transference per faraday in 1:0N,-potassium laurate containing 
glycerol (Bennett’s method). 


Expt. Ny. 
21 0-9552 
22 80-9552 
23 0-9630 
24 0-9925 


Tnitial 


% of 
5-008 
5-008 
5-074 
5-041 


glycerol. Portion. 


Anode 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
Anode 
MMP 
Cathode 


Final Gram of 
% of water Migration 
glycerol. transferred. correction. 
4-980 + 0-0130 + 0-01 
5-017 + 0-1110 — 0-05 
5-035 -+ 0-322 — 0-14 
5-058 — 0-085 + 0-04 
5-049 + 0-004 0-01 
5-050 -+ 0-278 — 0-13 
5-051 — 0-198 — 0-11 
5-038 + 0-004 — 
5-097 — 0-143 + 0-09 
Mean + 0-0 


Discussion of Results. 

Migration Data.—The final results of the foregoing tables are 
collected in Table XI. The transference number expected for an 
ordinary potassium salt of a heavy organic acid is 0:24. It is at 
once apparent that this value is approached only in the most 
dilute solution of the lower soap, where other methods have shown 
an almost complete breakdown into a simple crystalloidal electrolyte 
resembling the acetate. 


TaBLeE XI. 
Transference numbers of potassium soap solutions. 
Transport 
Soap. Ny: Solvent. number. Ratio L/K. 

K oleate 0-25 Water 0-75 3-00 
ss 0-5 os 0-70 2-33 
K laurate 0-05 e 0-28 0-39 
ee 0-2 ne 0-67 2-03 
” 1-0 %” 0-55 1-22 
aA 0-2 (4%) Glycerol 0-63 1-70 
” 1-0 (4:5%) ” 0-48 0-92 
Predicted for crystalloid soap 0-24 0-31 


In all solutions containing colloidal soap the movement of fatty 
radicle is many times greater than 0°24. This is in accordance 
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with the high mobility of the ionic micelle, which has been shown 
to conduct as well as the potassium-ion. Further, it is proof of 
the movement of neutral colloidal soap, whether wholly or only 
partly carried in the ionic micelle. 

McBain and Salmon recognised two alternative possibilities ; 
namely, that the ionic micelle could consist almost entirely of 
aggregations of hydrated fatty ions, or that these colloidal particles 
could contain all the neutral colloid. They argued that some at 


“}) NEUTRAL 
|| COLLOID 
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—> Relative proportions of constituents (per cent.) 
or 
So 


= 
0-1 0-3 0-9 
—> Total concentration of solution (Ny). 
The relative proportions of the various constituents of solutions of pure 
potassium oleate at 18°. (The asterisk * marks the field showing the proportion 
of acid soap, 2KO1,HCI, present.) 


least of the neutral colloid is contained in the ionic micelle on 
account of the distinct although slight differences between the 
solutions of potassium and sodium soaps. However, the differ- 
ences between the various soaps must now be largely ascribed to 
primary differences in the neutral colloid. 

The present results show decisively that the ionic micelle contains 
but little of the neutral colloid. The proportions of the con- 
stituents present in potassium laurate solutions are given in T., 
1922, 121, 2328, and those in the solutions of potassium oleate 
in Fig. 2, deduced by Miss M. H. Norris from conductivity and 
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freezing-point data.* There is in the laurate about one and a half 
times, and in the oleate about 2-3 times as much undissociated 
colloidal soap as there is of aggregated fatty ions (compare the 
diagrams, T., 1922, 121, 2328, 2330). Hence, if all this is con. 
tained in the ionic micelle, which conducts as well as the potassium. 
ion, each equivalent of laurate- or oleate-ion in the ionic micelle 
will have to carry with it 1-5 times and 2-3 times as much soap, 
respectively, which would bring the migration numbers up to 
1-25 and 1-65, whereas the observed numbers are only 0-6 and 0-7. 
This shows that most of the neutral colloid must lead an independent 
existence as neutral micelle. 

This conclusion cannot be shaken by assuming great hydration 
of the ionic micelle, for an impossible degree of hydration would 
be required. In a normal solution of soap each discrepancy of 
0-1 in the migration number means that the difference in the 
amount of water carried in opposite directions by potassium-ions 
and ionic micelle is equal to the volume of water which dissolves 
0-1 gram-equivalent of soap, that is, 100 grams of water or 5-5 mols. 
If the hydration of the potassium-ion is 6 mols., and it carries 
half the current, the movement of water due to it will be 3 mols. 
towards the cathode ; hence to obtain a total movement of 5-5 mols. 
in the opposite direction the ionic micelle would have to be hydrated 
to the extent of 17 mols. of water per equivalent of fatty ion con- 
tained in it, which is probably fairly near the truth. There are 
only 55 mols. of water present altogether in a normal solution, 
and taking into account the degree of dissociation, which is 40 per 
cent. and 30 per cent., respectively, for the two soaps under dis- 
cussion, 9-2 and 6-9 mols. of water would be required for the 
hydration of these ions; and it has been shown that the neutral 
soap is also heavily hydrated. It is evident that an attempt to 
correct the observed values on the basis of hydration so as to 
bring them up to 1-25 and 1-65, respectively, would involve most 
of the water that the solution contains, and further the hydration 
would have to increase nearly in proportion to the dilution. 

Consideration of the apparent transference of glycerol shows 
that no correction for hydration could add more than 0-1 to the 
migrationnumber. ‘The almost negligible movement of the glycerol 
can be only partly due to slight sorption by the soap. Bennett has 
recently found that, although glycerol is taken up by soap fibres 
in the absence of salt, yet the amount is so small in comparison 
with the hydration that the apparent sorption is always negative. 


* The following values were involved in Miss Norris’s calculations :— 
mobilities of the simple fatty ions = 20-7; ionic micelle = K* = 64:7; 
OH’ = 174; Kxoy = 0-07. 
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It will be shown in another, more comprehensive investigation 
fsoap sols, gels, and curds by Miss Laing that all the data admit 
of only one explanation. The ionic micelle conducts like an 
dinary ion of mobility comparable with that of the potassium-ion 
ud consisting chiefly of aggregations of fatty ions with hydration 

if the magnitude of that here assumed.* The neutral colloid also 
noves with the electric current and although it possesses but few 
charges, so that its conductivity per chemical equivalent is almost 
negligible, nevertheless the conductivity per electrical charge is 
emparable with that of a slow ion. It is shown thai all these 
movements in the electrical field, whether of ions, of colloidal 
particles, or of diaphragms, are but particular cases of ordinary 
dectrolytic migration. 

The last point remaining for discussion concerns the fact that 
the migration number distinctly falls off in the more concentrated 
lutions. This may be accounted for by the influence of hydration 
ws already discussed, since the influence of a definite degree of 
hydration must be directly proportional to the concentration of 
the solution. Again, any electrophoresis of the neutral colloid 
may be noticeable only in more dilute solution. 

However, something more may be involved here. Now that the 
ionic micelle is seen largely to consist of aggregated ions there is 
no sufficient explanation of the fact that the dissociation of the 
colloidal electrolyte is so little affected by change in concentration. 
Unless either the ionic micelle or the neutral micelle itself changes, 
increase in concentration should very rapidly drive back the dis- 
sociation, as in Pauli’s experiments with acid albumin. The 
change cannot be due to increasing amounts of neutral colloid in 
the ionic micelle, for the migration numbers move in the opposite 
direction. Possibly it is due to diminishing hydration. 


Summary. 


1. Careful migration determinations have been made of solutions 
of potassium oleate and laurate in water and dilute aqueous glycerol. 

2. Only in dilute solution, where all the soap is crystalloidal, is 
the ordinary migration number observed; in all other solutions, 
where the soap is a colloidal electrolyte, the migration of the fatty 
radicle is several times greater than this, corresponding to the high 
mobility of the ionic micelle. 

3. The transference values are such as to show, in accordance 


* The ultra-filtration data of Jenkins lead to a calculated mobility of ionic 
nicelle in potassium oleate solutions equal to 77°6 mhos (not 77:9 as printed 
in T., 1922, 121, 2330) and a hydration of 15 mols. of water (not 16 as 
previously recorded, ibid., p. 2330). 
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with the results of ultra-filtration, that most of the neutral colloida] 
soap is not contained in the ionic micelle, but exists independently 
as neutral micelle. 

4. The apparent transference of glycerol as reference substance 
shows that the results are not much affected by taking into account 
hydration of the ions and ionic micelle. 

5. Dilute aqueous glycerol distinctly lessens the amount of 
colloid present. 


Our thanks are due to the Research Fund Committee of the 
Chemical Society and to the Colston Research Society of the 
University of Bristol for grants for the purchase of materials. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
THE UNIVERSITY, BRISTOL. [Received, July 14th, 1923.] 


CCLXXVI.—The Distribution of Normal Fatty Acids 
between Water and Benzene. 


By Freprrick STanLEY Brown and Cuarzzes R. Bury. 


MEASUREMENTS of the distribution of the first six normal fatty 
acids between benzene and water at 25° have been undertaken with 
the object of determining how this varies from 
member to member of a homologous series. 
‘a The apparatus used for the purpose is shown in 
~~ Fig. 1. The bulb was of about 250 c.c. capacity, 
: and the capillary tube about 1 mm. in bore; it 
was nearly filled with approximately equal volumes 
of benzene and a concentrated aqueous solution 
of the acid under investigation. It was supported 
in a thermostat maintained at 25-00° + 0-03°, and 
occasionally shaken vigorously : preliminary experi- 
ments showed that equilibrium was only attained 
after about an hour with concentrated solutions; 
with dilute solutions, it was attained more rapidly. 
Twenty c.c. of the benzene layer were then with- 
drawn directly in a pipette and analysed : by forcing 
air (through a soda-lime tower to absorb carbon dioxide) into the top 
of the vessel, a small quantity of the water layer was driven through 
the capillary tube; the first cubic centimetre or so of this was 
neglected, the remainder collected in a test-tube, from which 20 c.c. 
were pipetted off for analysis. After half an hour, two more samples 
were taken as before : when these duplicate determinations did not 
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agree With the first to 1 part in 500, the results were neglected. The 
yessel was then filled up with amounts of the pure solvents equal 
to those of the solutions withdrawn, and the distribution again 
determined at a lower concentration, and so on, until one layer 
became too dilute for analysis. Two entirely independent series 
of determinations were carried out with each acid, except hexoic. 

The samples from both layers were titrated with baryta, phenol- 
phthalein being used as indicator. The baryta was standardised 
yith succinic acid, which had been recrystallised. Weights were 
calibrated by Richards’s method (J. Amer. Chem. Soc., 1900, 22, 144) 
and all volumetric apparatus was standardised. Precautions were 
taken to prevent access of carbon dioxide during titration, and all 
yater used was freed from this by boiling it in a flask of Jena glass, 
through which a current of carbon dioxide-free air was passed until 
it was cold. Benzene was freed from thiophen and distilled 
within 0-1°, 

Formic Acid.—A sample of Kahlbaum’s acid was fractionally 
distilled : the product had a constant boiling point of 100-5° (on 
an unstandardised thermometer). The results obtained for the 
distribution are shown below, C, and CO, are, respectively, the 
concentrations in the water and the benzene layers, expressed as 
normalities. In order to save space, only about a third of our 
results are quoted for all the acids except hexoic. 


Series. Cos C5. Cy (calc.). Diff. 
A 6-806 N 0-0348 N 0:0315 N — 0-0033 
A 5-483 0-0233 (0-0233) — 

B 4-689 0-0188 0-0187 — 0-0001 
A 3°933 0-0147 0-0146 — 0-0001 
B 3-757 0-0138 (0-0138) -— 

B 3-400 0-0117 0-0119 + 0-0002 


Owing to the low solubility of formic acid in benzene, determina- 
tions were difficult, and have only been made over a narrow range 
of concentrations. Previous determinations at 13-15° have been 
made by Georgevics (Z. physikal. Chem., 1913, 84, 353), who found 
the ratio of the concentrations in the two layers independent of the 
total concentration, within the limits of his experimental error. 
During the course of our work, measurements at 25° have been 
published by Gordon and Reid (J. Physical Chem., 1922, 26, 773), 
but their results are expressed as concentrations per weight of 
solution: so far as can be ascertained, they are substantially in 
agreement with our figures. 

Acetic Acid.—A sample of glacial acetic acid was twice fractionated 
by freezing, the crystals being separated from the mother-liquor by 
centrifuging : it was then distilled. 
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Series. 


DOP RPO Pe ppp 


Cw. 
11-137 N 
10-812 

8-710 
7-546 
6-101 
5-444 
4-743 
2-976 
1-858 
1-510 
1-148 
0-633 
0-531 


Co. 
3-111 N 
2-692 
1-463 
1-089 
0-739 
0-614 
0-486 
0-224 
0-1015 
0-0714 
0-0443 
0-0165 
0-0125 


Cy (calec.). 
2-047 N 


1-946 
1-356 
1-062 
0-743 
(0-614) 
0-487 
0-222 
0-1008 
0-0712 
0-0449 
(0-0165) 
0-0133 


Diff. 
— 1-064 
— 0-746 
— 0-107 
— 0-027 
+ 0-004 


+ 0-001 
— 0-002 
— 0-0007 
— 0-0002 
+ 0-0006 


+ 0-0008 


Previous determinations by Herz and Fischer (Ber., 1905, 38, 
1138) are in close agreement with our figures, although the tempera. 
ture at which they worked is unknown; they did not carry their 
measurements to such high concentrations as we have done. A 
few rough experiments at 6° have also been made by Nernst (Z, 
physikal. Chem., 1891, 8, 110). 

Propionic Acid.—A sample of Kahlbaum’s acid was fractionally 
distilled : practically all came over between 139-0° and 140-8°, 
water being the main impurity. 


Series. 


A 
B 


jochecd’ deel’ a aes) 


C.. 
3-562 N 
2-799 
1-401 
1-060 
0-646 
0-416 
0-310 
0-191 
0-154 


Cs. 
3-556 N 
2-710 
1-002 
0-644 
0-276 
0-128 
0-0778 
0-0343 
0-0223 


C, (calec.). 
5-129 N 


3-392 
1-037 

( 0-644) 
0-275 
0-130 
0-0785 
(0-0343) 
0-0237 


Butyric Acid.—A sample of the commercial acid was fractionally 
distilled three times; the product had a boiling point of 160-164°. 


Series. 


Drm mp 


PRUPO Per S 


C. 
1-369 N 
0-938 
0-702 
0-423 
0-281 
0-245 
0-1844 
0-1617 
0-1363 
0-1045 
0-0635 
0-0421 


C>. 
4:015 N 
2-819 
2-344 
1-116 
0-657 
0-522 
0-320 
0-257 
0-1941 
0-1213 
0-0525 
0-0234 


C4 (cale.). 
9-709 N 


5-101 
3-118 
1-317 
(0-657) 
0-521 
0-321 
0-256 
0-1919 
0-1211 
(0-0525) 
0-0241 


— 0-0002 
+ 0-0007 


Previous determinations have been made by Georgevies (loc. cit.) 
at 13-15°: they agree approximately with our figures, but extend 
only over a very narrow range of concentrations. 
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Valeric Acid.—A sample of Kahlbaum’s acid was fractionally 
jistilled : the greater portion came over between 181-0° and 182-5°. 


Series. Cw OC». Cz (calc.). Diff. 
A 0-1357 N 1-848 N 1-919 N + 0-071 
A 0-1149 1-400 1-419 + 0-019 
B 0-0919 0-929 (0-929) _- 

A 0-0610 0-445 0-448 + 0-003 
A 0-0479 0-289 0-289 _- 

B 0-0383 0-191 0-193 +- 0-002 
B 0-0235 0-0793 (0-0793) -- 

A 0-0178 0:0481 0-0479 — 0-0002 
B 0-0136 0-0292 0-0290 — 0:0002 


Hexoic Acid.—Owing to the smallness of the quantity of acid 
available, no attempt was made to purify it; it boiled at 210°. 


— 
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Only one series of measurements was made, and experiments were 
carried out on a smaller scale than with the other acids. 


Cc... C3. Cp» (calc.). Diff. 
0-0162 N 0-619 N (0-619 NV) — 
0-0131 0-413 0-414 + 0-001 
0-0114 0-328 0-321 — 0-007 
0-0102 0-256 0-253 — 0-003 
0-0091 0-210 (0-210) — 
0-0078 0-159 0-154 — 0-005 


The results for all the acids are shown diagrammatically in Fig. 2, 
in which the logarithms of the concentrations in the water layer 
have been plotted against those in the benzene layer. 

When the concentration of acid in the benzene layer is greater 
than about 0-75, no formula can be found to represent the results 
even approximately. It is probable that at this concentration 
water becomes noticeably soluble in the benzene layer, so that the 
nature of the solvent is altered. 
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At lower concentrations, the results are best represented by a 
formula first suggested by Nernst (loc. cit.), C,."/C; =k, where | 
and n are two constants: & is the reciprocal of the concentration 
in benzene when that in water is unity; n, according to Nernst, 
is the degree of association of the acid in the benzene layer. From 
the method by which this formula was deduced, it can only be 
expected to be an approximate relation, and » should be a whole 
number; actually, the formula represents the experimental results 
at low concentrations within the limits of experimental error, while 
nm is not a whole number, but has values from 1-4 to 1:9. The 
formula assumes that the degree of association is a constant inde. 
pendent of concentration; determinations of the molecular weight 
of associated substances in benzene solution by many investigator 
show that this assumption is unjustifiable. The interpretation of 
the formula is discussed by Georgevics ; in any case, it is improbable 
that » has the significance attached to it by Nernst. 

The above equation has been used to calculate the values shown 
under the heading C;,(calc.) for each acid. The values of the 
constants used were as follows : 


Acid. nN. k. Acid. n. k. 
POPMNG scciccese 1-395 460-2 Butyric ......... 1-700 0-1757 
ae 1-681 28-10 Valeric ......... 1-819 0-0138 
Propionic ...... 1-712 1-716 MHexoic ......... 1-893  0-00066 


The value of » increases irregularly as the number of carbon 
atoms in the molecule increases: & decreases rapidly, but rather 
more regularly, for if the logarithm of & is plotted against the 
number of carbon atoms, an approximately straight line is obtained. 

Epwarp Davies CHEMIcAL LABORATORIES, 


UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. 
[Received, July 28th, 1923.] 


CCLXXVII.—The Isomerism of the Oximes. Part XIV. 
3-Nitro- and 3-Bromo-p-dimethylaminobenzaldoximes. 


By Oscar Liste Brapy and RicHaRD TRUSZKOWSKI. 


Previous work has shown that p-dimethylaminobenzantialdoxime 
could not be converted into a syn-isomeride, although two isomeric 
carbanilino-derivatives could be obtained (Brady and Dunn, T., 
1914, 105, 2872). The possible explanation which was suggested 
was that in the ordinary method of conversion the hydrogen 
chloride formed a salt with the dimethylamino-group and there- 
fore was not attached to the oximino-group, a necessary condition 
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of inversion of the configuration. Derivatives of this compound 
have now been studied with the idea that the introduction of 
bromine or of the nitro-group into the nucleus would lower the 
basicity of the dimethylamino-group and perhaps favour the 
addition of hydrogen chloride to the oximino-complex. 

Noelting and Demant (Ber., 1904, 37, 1028) have prepared 
3-nitro-p-dimethylaminobenzaldoxime and claim to have obtained 
an isomeride melting 8° lower than the ordinary compound. The 
preparation of the oxime was, however, incidental to other work, 
and they did not study the compound in any detail; indeed they 
give no evidence of the individuality of the supposed isomeride, 
nor do they record any attempt to determine its configuration. 
The matter has been reinvestigated, but Noelting and Demant’s 
claim of the isolation of an isomeride cannot be substantiated. 
The oxime, as usually prepared, has been proved to have the 
anti-configuration, but no evidence of the formation of a syn- 
isomeride by any of the usual methods could be obtained. It was 
found, on repeating Noelting and Demant’s method for the pre- 
paration of the supposed isomeride, that when 3-nitro-p-dimethyl- 
aminobenzaldehyde was treated in alcoholic solution with hydroxyl- 
amine hydrochloride and a trace of hydrochloric acid, an impure 
oxime was obtained which melted some 8° lower than that prepared 
by the usual method. This drop in melting point, however, was 
found to be due to incomplete oximation and consequent contamin- 
ation of the product with unchanged aldehyde which cannot be 
removed satisfactorily by crystallisation. In order to be quite 
sure on the point, the configuration of the impure oxime as prepared . 
by Noelting and Demant’s method was determined by treatment 
with acetic anhydride in the usual way, when an acetyl derivative 
was formed identical with that obtained from the anti-oxime. 

3-Bromo-p-dimethylaminobenzaldoxime has been prepared and 
investigated; here again the oxime was found to have the anti- 
configuration, and no indication of the formation of a syn-isomeride 
was obtained. 

In view of the fact that p-dimethylaminobenzantialdoxime on 
treatment with phenylcarbimide gives a carbanilino-syn-derivative 
(Brady and Dunn, loc. cit.), the action of this reagent on the two 
substituted oximes has been investigated, but in both cases the 
carbanilino-compound obtained was found to have the anti- 
configuration. 

EXPERIMENTAL. 
3-Nitro-p-dimethylaminobenzantialdoxime.—p-Dimethylaminobenz- 
aldehyde was nitrated by the method of Sachs and Lewin (Ber., 
1902, 35, 3576) and the 3-nitro-p-dimethylaminobenzaldehyde 
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converted into the oxime by boiling in alcoholic solution for thirty 
minutes with slightly more than the calculated quantity of hydroxy). 
amine hydrochloride and sufficient solid potassium carbonate to 
neutralise the hydrogen chloride combined with the base. The 
product was poured into water and the precipitated oxime crystal. 
lised from alcohol, when it melted at 130°. The configuration was 
determined through the acetyl derivative, which was prepared by 
warming the oxime at 30° with excess of acetic anhydride until 
solution was complete, decomposing the excess of anhydride with 
sodium carbonate solution, and crystallising from alcohol the 
solid which separated. Acetyl-3-nitro-p-dimethylaminobenzantiald. 
oxime was obtained in deep orange needles melting at 109°. It 
was hydrolysed by heating for half an hour on the water-bath 
with 2N-sodium hydroxide, when it dissolved completely, and 
carbon dioxide precipitated the original anti-oxime from the 
alkaline solution; the anti-configuration was thus established. 
The oxime obtained by hydrolysis is difficult to purify, and is 
apparently contaminated with a small quantity of 3-nitro-p. 
hydroxybenzantialdoxime formed by the hydrolysis of the dimethy]- 
amino-group; if the reaction is too prolonged, the latter compound 
is the sole product of the change. 

Attempts to Prepare 3-Nitro-p-dimethylaminobenzsynaldoxime.— 
Noelting and Demant prepared their supposed isomeride by using 
Beckmann’s method of preparation of the syn-oximes (Annalen, 
1909, 365, 202), but after several attempts we have found that 
the above anti-compound is obtained by this method and not a 
syn-isomeride. Ten grams of 3-nitro-p-dimethylaminobenzaldehyde 
were dissolved in absolute alcohol, a concentrated aqueous solution 
of 3-5 grams of hydroxylamine hydrochloride was added, and the 
mixture kept in a thermostat for four hours at 50°. The pre- 
cipitate obtained on pouring the solution into excess of aqueous 
sodium carbonate melted at 122° and, when mixed with the anti- 
oxime, at 124°. Crystallisation did not effect purification satis- 
factorily, but on treatment with dilute sodium hydroxide solution 
a considerable amount of material did not dissolve, and this was 
found to be unchanged aldehyde. The alkaline solution on treat- 
ment with a saturated solution of ammonium chloride gave a 
precipitate of the anti-oxime which, however, was difficult to obtain 
quite pure, melting some 2° lower than that obtained in the usual 
way, even after crystallisation. In another preparation, 5 grams 
of the aldehyde in absolute alcohol were warmed with 3 grams 
of hydroxylamine hydrochloride and one drop of concentrated 
hydrochloric acid for five hours at 50°. On cooling, some hydro- 
chloride of the oxime separated out and on pouring the whole of 
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the mixture into sodium carbonate solution a crude oxime was 
obtained melting at 122° and, when mixed with the anti-oxime, 
at 124°. Crystallisation from acetone and water raised the melting 
point to 128°, but again it was found impossible to obtain the 
melting point as high as in the case of the oxime prepared by 
the usual method. In no case did admixture of the anti-oxime 
depress the melting point of the oxime prepared in this way, but 
lest in this case the form of the binary fusion curve should be such 
that no depression would occur, the identity of the compounds 
has been confirmed by acetylation. Three grams of the crude 
product prepared in acid solution and melting at 122° were treated 
with acetic anhydride at 30° and the solution was poured into 
excess of aqueous sodium carbonate. The product after crystal- 
lsation from acetone and water was found to be identical with 
the acetyl-3-nitro-p-dimethylaminobenzantialdoxime previously pre- 
pared. The syn-isomeride under these conditions would have given 
the nitrile, and there seems to be no doubt of the identity of the two 
compounds. It has not been possible to ascertain the nature of the 
impurity other than aldehyde in the oxime prepared by Beckmann’s 
method, but it is possible that it is 3-nitro-p-hydroxybenzaldoxime. 
Attempts have also been made to bring about the conversion 
into the syn-isomeride in the usual way through the hydrochloride. 
Five grams of the anti-oxime were dissolved in dry ether and the 
solution was saturated with dry hydrogen chloride, when a mono- 
hydrochloride was precipitated as a white, crystalline powder 
melting and decomposing at 170° (Found : Cl = 13°6. C,H,,0,N,Cl 
requires Cl = 14-4 per cent.). The substitution of chloroform for 
ether in the above method (compare Forster and Dunn, T., 1909, 
95, 425), precipitating the hydrochloride from a solution of the 
anti-oxime in boiling benzene (compare Brady and Dunn, this vol., 
p. 1783), or decomposing the hydrochloride by solution in 2N-sodium 
hydroxide and precipitating the oxime with ammonium chloride 
solution failed to lead to the formation of a syn-oxime. The 
method of Dunstan and Thole (P., 1911, 27, 233), which consists 
in suspending the oxime in concentrated hydrochloric acid and 
saturating the liquid with hydrogen chloride, gave similar results, 
though in this case a certain amount of hydrolysis of the oxime 
occurred, as aldehyde was isolated from the product. 

Carbanilino-3-nitro-p-dimethylaminobenzantialdoxime, 

NO,°C,H;(NMe,)*C H 
NHPh:CO-0-N ~* 

—To a solution of 2-1 grams of 3-nitro-p-dimethylaminobenzanti- 
aldoxime in dry ether an ethereal solution of 1-8 grams of phenyl- 


carbimide was added. A red, crystalline precipitate of the carb- 
4n* 
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anilino-derivative rapidly formed, which crystallised from benzene 
in red needles melting and decomposing at 138° (Found: N = 164, 
C1gH,,0,N, requires N=17-0 per cent.). The compound was 
hydrolysed by heating for an hour with 2N-sodium hydroxide 
on the water-bath, when it dissolved, On cooling and extracting 
with ether, aniline was obtained, and the alkaline liquor on the 
addition of a concentrated solution of ammonium chloride gave a 
precipitate of 3-nitro-p-dimethylaminobenzantialdoxime. The re. 
generation of the oxime establishes the anti-configuration of the 
carbanilino-derivative. The original precipitated compound was 
practically pure and no change in configuration occurred during 
crystallisation. 

3-Bromo-p-dimethylaminobenzaldehyde.—Fourteen grams of p-di- 
methylaminobenzaldehyde were dissolved in 100 c.c. of glacial 
acetic acid, and 16 grams of bromine in 30 c.c. of glacial acetic 
acid added slowly. A red, crystalline precipitate, which appears 
to be a highly brominated product, separated and after its removal 
the clear solution was poured into water, when a heavy, faintly 
green oil was precipitated. This was extracted with ether, the 
solution dried and evaporated, and the residual uncrystallisable oil 
distilled under diminished pressure, when 3-bromo-p-dimethylamino- 
benzaldehyde was obtained as a pale yellow liquid boiling at 165°/28 
mm. (Found: Br = 33-9. C,H,,ONBr requires Br = 35-1 per cent.). 

3-Bromo-p-dimethylaminobenzantialdoxime.—Ten grams of the 
above aldehyde, 3-5 grams of hydroxylamine hydrochloride, and 
3°5 grams of potassium carbonate were boiled under reflux with 
alcohol for an hour. On pouring into water, the oxime separated 
as a white solid which after crystallisation from benzene and light 
petroleum melted at 97—98° (Found: N= 11-4. C,H,,ON,Br 
requires N = 11-5 per cent.). The oxime was orientated by dis- 
solving 5 grams in excess of acetic anhydride at 30° and pouring 
the solution into a large excess of aqueous sodium carbonate. 
When all the anhydride had been decomposed, the solid which 
separated was crystallised from alcohol, when acetyl-3-bromo-p- 
dimethylaminobenzantialdoxime was obtained in white, glistening 
plates melting at 71° (Found: N= 10-0. C,,H,,0,N,Br requires 
N= 9-8 per cent.). On hydrolysis with 2N-sodium hydroxide, 
the compound regenerates the original oxime, the anti-configuration 
of which is thus established. 

Attempts to Prepare 3-Bromo-p-dimethylaminobenzsynaldoxime.— 
Five grams of 3-bromo-p-dimethylaminobenzaldehyde were dis- 
solved in alcohol, 5 grams of hydroxylamine hydrochloride added, 
followed by one drop of concentrated hydrochloric acid, and the 
mixture was heated at 50° for five hours. On cooling, a copious 
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recipitate of the hydrochloride of the oxime was obtained; this 
was collected, dissolved in 2N-sodium hydroxide, and the oxime 
precipitated with a saturated solution of ammonium chloride; the 
anti-oxime, however, was obtained. When a solution of the 
anti-oxime in dry ether or in boiling benzene was saturated with 
dry hydrogen chloride, a crystalline mono-hydrochloride was 
obtained melting and decomposing at 140—141° (Found : Cl = 12-0. 
(,H,,ON,CIBr requires Cl = 12-7 per cent.). This hydrochloride, 
however, on decomposition by any of the usual methods, regen- 
erated the anti-oxime, no evidence of conversion into a syn-isomeride 
being obtained. 

Carbanilino-3-bromo-p-dimethylaminobenzantialdoxime, 

NMe,"C,H;Br-C H 
NHPh:CO:0-N ~ 

—This compound was precipitated on mixing dry ethereal solutions 
of 2-4 grams of 3-bromo-p-dimethylaminobenzantialdoxime and 
21 grams of phenylearbimide. It crystallises from benzene in 
pale yellow needles melting and decomposing at 127° (Found : 
N=11°6. C,,H,,0.N,Br requires N = 11-6 per cent.). Hydro- 
lysis, as in the case of the nitro-compound above, indicates that it 
has the anti-configuration. 

3-Bromo-p-dimethylaminobenzonitrile and 3-Bromo-p-dimethyl- 
aminobenzoic Acid.—Three grams of acety]-3-bromo-p-dimethyl- 
aminobenzantialdoxime were boiled under reflux with 30 c.c. of 
acetic anhydride for an hour. On decomposing the excess of 
anhydride with sodium carbonate solution, an oil was obtained 
which was extracted with ether, the solution dried, and the solvent 
evaporated. The residual oil, when dissolved in light petroleum 
and left, deposited white crystals of the nitrile melting at 39—40° 
(Found: N= 12-4. C,H,N,Br requires N = 12-4 per cent.). 
One gram of the nitrile was boiled for an hour with 2N-sodium 
hydroxide. On cooling and acidifying with dilute hydrochloric 
acid, a precipitate formed which redissolved in excess of the acid ; 
sodium carbonate solution was then cautiously added until a 
maximum amount of precipitate was formed. The acid so pre- 
cipitated was crystallised from benzene, when it was obtained in 
white, glistening plates melting at 170° (Found: N = 5-7. 
C,H,,0,NBr requires N = 5-7 per cent.). 


We wish to express our thanks to the Department of Scientific 
and Industrial Research for a grant which has enabled one of us 
(R. T.) to take part in this work. 


THe RatpH Forster LABORATORY OF ORGANIC CHEMISTRY, 
University CoLLecE, Lonpon. [Received, August 3rd, 1923.] 
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CCLXXVIII.—The Chemistry of the Three-carbon 
System. Part II. Tautomeric Nitriles and Cyano. 
esters. 


By Stantey Francis Brrcw and GEoRGE ARMAND RoBERT Koy, 


In Part I of this series (this vol., p. 1361), it has been shown that 
cyclohexenylacetone exhibits three-carbon tautomerism, reacting 
in the two forms 


cH,<oH ‘CHls> C-CH,-COMe CHL< oy? CH C-CH-COMe 


and it was suggested that the cause of the phenomenon was to be 
sought in the competition between the influence of the negative 
carbonyl group and that of the cyclohexane ring, the one favouring 
the «f-, the other the ®y-position of the double linking. It was 
also suggested that a similar condition of tautomerism accounted 
for the reactions of ethyl «-cyanocyclohexylideneacetate, 


C,H yp>C:C(CN)-CO,Et. 


It might reasonably be expected that a number of substances 
fulfilling the required conditions, that is, possessing a potentially 
tautomeric three-carbon system terminated by a suitable negative 
“ activating group ”’ at one end and forming part of a cyclohexane 
or other ring at the other extremity, would exhibit tautomerism 
of this nature. We have therefore studied the behaviour of certain 
nitriles and cyano-esters and the results obtained fully justify 
such a prediction. It can be concluded that the cyano-group, 
although not as strong an activating group alone as when it is 
reinforced by a carboxy] group, is sufficient to produce tautomerism 
in a potentially tautomeric system; whilst the cyclopentane ring 
has, as might be expected, an influence similar to that of the 
cyclohexane ring in determining the position of the double linking. 
An attempt was made to ascertain whether a gem-dialkyl group 
could function in a manner analogous to that of the 5- or 6-mem- 
bered ring in this respect. 

The reason for a possible movement of the double bond in this 
case would be the tendency often displayed by a double bond to 
move towards an alkyl group. This is particularly noticeable in 
such cases as the well-known conversion of methylitaconic acid 
into ethylidenesuccinic acid, ethyleitraconic acid behaving in a 
similar manner : 


CH,R-C-CO,H __, CHR‘C-CO,H 
CH-CO,H H,-CO,H 
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it is worthy of note that the double bond moves away from the 
doubly conjugated position. The behaviour of Fichter, Kiefer, 
and Bernoulli’s unsaturated acids (Ber., 1909, 42, 4710) is, appar- 
ently, a phenomenon of a similar nature. The evidence we have 
accumulated on this point up to the present, whilst pointing to the 
probability of our assumption, cannot be taken as conclusive and 
requires further experimental confirmation. 

The nitriles examined were At!-cyclopentenyl- and At-cyclo- 
hexenyl-acetonitriles (I and II) and some of their alkyl derivatives. 


CH,°CH, CH, ‘CH 
(I.) CH<oy? “CH CCH, CN bu. me CH,CN (IL) 

An examination of their physical properties and the fact that 
no trace of cyclohexanone or cyclopentanone, respectively, could be 
obtained on oxidation with ozone, suggested the above formule 
as expressing their constitution in ordinary circumstances; in 
addition to this, they were found to condense with piperonal, 
giving good yields of the compounds (IIT) and (IV). 


CHyCH,s, «CCN CH,-CH C-CN 

H 2>C~! 2>C~7 1 

CHy<ou,-CH? CH-C,H,0, CH,-CH~” GH-C,H,0, 
(IIL) (IV.) 


They can, however, react in an «f-form, because they condense 
with cyanoacetamide in the — of sodium ethoxide, thus: 


Hi,” H H, CN 


or nao) (v.) 
an analogous compound (VI) is obtained from A!-cyclopentenyl- 
acetonitrile. The structure of the compound (V) is apparent from 
the fact that on hydrolysis with dilute hydrochloric acid it passes 
into the imide (VII), whilst sulphuric acid leads to a quantitative 
yield of cyclohexane-l : 1-diacetic acid (VIII). 


CH,-CH, CH,C(‘NH)S ny H, —CO 
CH, ‘CH > CS CHICN): co” ™ Cs »>C<oron). cor _ 
(VI.) (VII.) 

CH,°CO,H 
CsH>C<oH?.C0,H 
(VIII.) 


The yields of the compounds (V) and (VI) are poor, never exceed- 
ing 30 per cent.; this is doubtless due to the well-known inhibiting 
action of ammonia, which begins to be evolved at an early stage 
of the reaction. The nitrile which fails to react can, however, 
he recovered and used again, thus proving that the poor yield is 
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not due to a limited content of «®-modification present in the 
original nitrile; and this fact, coupled with the ready formation of 
the piperonylidene compounds derived from the Sy-form, definitely 
proves the tautomeric nature of the nitriles. 

Moreover, it has been found that these compounds possess q 
mobile hydrogen atom replaceable by an alkyl group; thus two 
successive methylations of the cyclohexane compound lead to a 
product containing about 80 per cent. of the methyl derivative as 
shown by analysis and by the physical properties of the mixture; 
a complete separation, which was easy in the case of ketones 
(compare Part I, loc. cit.), could not be effected. 

The methyl and other alkyl derivatives can, however, be very 
readily obtained in good yield by the elimination of the carbethoxyl 
group from the corresponding cyano-esters (see Part I); this 
applies also to the corresponding cyclopentane compound (X) 
which we prepared from the ester (IX) (Harding and Haworth, 
T., 1910, 97, 486) by the action of sodium ethoxide at 35° : 


CN H,’°CHo~ a, “ON (X. 
CO,Et > H,-CH? © CHMe‘CN (X,) 

This process yields the alkylated nitriles in a high state of purity 
and therefore it was of great interest to compare their physical 
properties with those of the unsubstituted nitriles. In the above 
reaction, the alkyl compounds must of necessity be produced in 
their By-form, the parent ester having that constitution. We were, 
therefore, not a little surprised to find that the molecular refrac- 
tivities showed an appreciable exaltation, apparently due to the 
presence of conjugated unsaturated linkings. The phenyl com- 
pound (XI) (Harding and Haworth, loc. cit.) and the tsoamy]l 
compound (XII) were then prepared and were found to behave 
in the same manner, and it may be mentioned that as the com- 
parisons were made between the actual experimental values for 
[Rz]p, the effect of possible deviations from the calculated constants 
is completely eliminated. 


CH,°CH 
IX. 2V""2>(0-CMe 
( ) ba cH C-CMe< 


2 


(XL) C,Hy>Co<gn CsH>C0<G ir, (XII) 


It would therefore appear that the alkylated nitriles are best 
represented by the «$-formule such as (XI) and (XII), although 
they are doubtless first produced in their By-form. In accordance 
with this formulation, the oxidation of these compounds with 
ozone leads to the production of the corresponding ketones, 
although we have not yet succeeded in inducing these nitriles to 
undergo the condensation reactions characteristic of «f-unsaturated 
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substances; this failure is doubtless to be attributed to steric 


factors. 
The comparative stability of the «f-phase of these compounds 


must be attributed to the attraction exercised by the alkyl group 
in the «-position, a factor already discussed on p. 2440. 

With regard to the cyano-esters studied, it was found that ethyl 
x-cyanocyclopentylideneacetate (XIII) (Harding and Haworth, 
lo. cit.) behaves in every way like the analogous cyclohexane 
compound. The ordinary reactions of the substance are best 
represented by the «$-formula, in accordance with which it readily 
combines with ethyl cyanoacetate and ammonia to give a good 
yield of the imide (XIV) previously prepared by Kon and Thorpe 
(T., 1919, 115, 686). 


Hy CHS, egcON _. CH yCH,\, 4 CH(CN)-CO 
Coa CX C0, Kt . bu.-cH,” ScH(eN)-co™ _ 
(XIIL.) (XIV.) 


On the other hand, it behaves like a typical mono-substituted 
cyanoacetic ester and readily undergoes methylation, passing 
into the compound (IX) (p. 2442) which, as already mentioned, 
can only possess the fy-structure, so that the tautomeric nature of 
the ester (XIII) is, we think, beyond question. 

We have prepared the dimethyl- and diethyl-analogues of ethyl 
a-cyanocyclopentylideneacetate and have examined some of their 
properties. The first of these compounds, ethyl «-cyano-68-dimethyl- 
acrylate, has already been prepared by Komppa (Ber., 1900, 33, 
3530) and also by Scheiber and Meisel (Ber., 1915, 48, 238), who 
showed that on oxidation with ozone the compound yields acetone, 
in accordance with the formula CMe,:C(CN)-CO,Et; they were, 
however, unable to condense the substance with ethyl cyano- 
acetate or ethyl acetoacetate. We now find that the substance 
reacts readily with ethyl cyanoacetate in the presence of alcoholic 
ammonia, yielding the well-known w-imide of «a«’-dicyano-BB- 
dimethylglutaric acid (Guareschi and Grande, Atti R. Accad. Sct. 
Torino, 1899, 34, 924), so that the «f-structure of the compound 
is beyond dispute. On the other hand, we were unable to effect 
the methylation of the substance and thus demonstrate the exist- 
ence of a By-phase of the ester, because the action of either sodium 
or sodium ethoxide converts it with the greatest ease into ethyl 
2:6-dicyano-1 : 1 : 5-trimethy]-A’**-cyclohexadien-3-ol-6-carboxylate 
(XV), a solid melting at 135°, identical with the product of the 
direct condensation of ethyl sodiocyanoacetate and acetone obtained 
by Gardner and Haworth (T., 1909, 95, 1955). The same substance 
appears to have been obtained by Scheiber and Meisel, although 
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these authors assigned to it a different empirical formula and were, 
apparently, unaware of the previous investigation. 

Now the formation of this substance is very simply explained 
by the condensation of the cyano-ester with its own sodio-derivative, 
the latter being derived from the By-form of the ester, thus : 


C-CN | CNa:CN - C-CN 
Yn VAN SNS 
Me,C CO,Et | Me,C CO,Et Lio Me, C-OH 
| COLES CCH cous 5 WP 
CN, okt \ gyre 2kt \ 7% 
COBY SCH, CMe CMe 
CMe (XV.) ~ 


a molecule of alcohol being eliminated in the process. 

It would appear very likely that the compound m. p. 135° was 
produced by a similar reaction in the direct condensation of acetone 
and ethyl sodiocyanoacetate. 

Ethyl «-cyano-§8-diethylacrylate, CEt,-C(CN)-CO,Et, was then 
prepared, but we have not yet succeeded in obtaining it in sufficiently 
pure condition. The specimen prepared condensed very readily 
with ethyl cyanoacetate and ammonia, giving an almost quantita- 
tive yield of the imide CEt, HCN} -cO> NE (Guareschi, Mem. 
R. Accad. Sci. Torino, 1901, 50, 235); the attempts made to 
methylate the ester have not yet given a definite result, and there- 
fore the existence of the Sy-form of the substance is not definitely 
proved. It is interesting to note that a compound analogous to 
the ester melting at 135° does not appear to be formed by the 
action of sodium ethoxide on the unsaturated ester. 


EXPERIMENTAL. 
Al-cycloHexenylacetonitrile. 


This substance was prepared by Harding, Haworth, and Perkin’s 
method (T., 1908, 93, 1949) by the condensation of ethyl sodio- 
cyanoacetate with cyclohexanone; the alternative method is not 
to be recommended, as the cyano-ester is very difficult to hydrolyse. 
The nitrile in ethereal solution should be well washed with alkali, 
then with water; the pure substance boils at 112°/27 mm., and 
has d? 0-94727, nj” 1-47869, [Rz]p 36-20 (calc. 36-30); another 
specimen showed dj!* 0-94897, ni} 1-47897, [Rz]p 36-18. 

Condensation with Sodiocyanoacetamide.—To a suspension prepared 
by adding cyanoacetamide (84 grams) to sodium (2:3 grams) 
dissolved in absolute alcohol (60 c.c.) were added 10 c.c. of the 
nitrile and the mixture was heated on the steam-bath for about 
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an hour. A yellow colour gradually developed, the solid became 
more gelatinous, and ammonia began to be evolved after a few 
minutes. After dilution with water, a white precipitate of imino- 
compound was formed; on acidifying the mother-liquors with 
acetic acid, a further precipitate was obtained, containing a good 
deal of a second substance (see below). 

The imino-compound (V) readily dissolves in dilute mineral 
acids and is reprecipitated by the addition of sodium acetate, 
the crystalline powder obtained decomposing somewhat indefinitely 
at about 276°. 

The compound, which was not analysed, was converted into the 
w-imide of «-cyanocyclohexane-1 : 1-diacetic acid (VII) by boiling 
for a short time with dilute hydrochloric acid. The imide crystal- 
lised on cooling the solution and was recrystallised from dilute 
alcohol; it formed lustrous plates, m. p. 213—215° (Found: N = 
13-84. C,,H,,0,N, requires N = 13-58 per cent.). When hydro- 
lysed with 60 per cent. sulphuric acid, it gave a quantitative yield 
of cyclohexane-1 : 1-diacetic acid, melting at 181°. 

The second compound produced in the condensation of the 
nitrile with sodiocyanoacetamide melts at 207° after crystallisation 
from alcohol and forms colourless prisms soluble in alkalis with a 
bright yellow colour. It appears to be formed by the condensation 
of the nitrile with two molecules of cyanoacetamide (Found : 
C= 61:76; H=601; N= 20-63. C,,H,,O.N, requires C = 
61-73; H = 5-92; N = 20-59 per cent.). It gives cyclohexane- 
1: 1-diacetic acid on hydrolysis, but its constitution has not been 
ascertained. 

Condensation with Piperonal.—A mixture of equimolecular pro- 
portions of the components was mixed with a little alcoholic sodium 
ethoxide. After twenty-four hours, the crystalline precipitate of the 
piperonylidene compound (III) was filtered off and the mother- 
liquor diluted with a little water, a second crop of crystals being 
ultimately obtained. These, after crystallisation from alcohol, 
formed clusters of yellow needles melting at 127°; the yield was 
70 per cent. of the theoretical (Found: N = 5:33. C,.H,,0O,N 
requires N = 5-28 per cent.). The compound dissolves with a fine 
purple colour in concentrated sulphuric acid. 

Methylation.—The nitrile (1 mol.) was added to sodium methoxide 
(1 mol.) in methyl alcohol, an excess of methyl iodide being gradually 
added to the orange solution. The mixture was warmed for about 
two hours, the nitrile then isolated in the usual manner and again 
subjected to methylation. On isolation, it formed a colourless 
liquid boiling at 118°/36 mm., and having df” 0-94535, nz?” 
1-49032, [Rz]p 41:34 (calc. for methylated substance) (Found : 
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N = 10-92. Calc., N = 10°38 per cent.); the analytical result 
thus shows an approximate content of 80 per cent. of the methylated 
substance, a conclusion supported by the physical properties. 


«-cycloHexylidenepropionitrile. 

This substance was prepared by the method described in our 
previous communication (loc. cit., p. 1374). The substance had 
d?* 0-94210, n¥* 149032, [Rz]p 41°49 (calc. 40°91), thus showing 
an exaltation of about 0-6 unit. 

Oxidation—Ozone was passed through a moist chloroform 
solution of the nitrile for several days and after the solvent had 
been removed the mixture was warmed with water and finally 
distilled in steam. The distillate, which contained a good deal of 
unchanged nitrile, gave on treatment with semicarbazide acetate 
prisms melting at 165—166° and consisting of cyclohexanonesemi- 
carbazone; this was confirmed by comparison with a genuine 
specimen. 

Attempts to alkylate the nitrile or to condense it with sodio- 
cyanoacetamide were unsuccessful. 


a-cycloHexylidencisoheptonitrile. 


This nitrile was prepared for comparison, ethyl «-cyanocyclo- 
hexylideneacetate being converted, by means of sodium ethoxide 
and isoamy] iodide, into the tsoamyl compound, which was treated 
with sodium ethoxide, when it passed quantitatively into ethyl 
carbonate and the new nitrile, boiling at 157°/23 mm. The nitrile 
had d?* 0-90369, nf 1-48181, [Rz]p 60-29 (calc. 59-39) (Found: 
N = 7-44. C,,H,,N requires N = 7-32 per cent.). 


a«-cycloHexylidenephenylacetonitrile. 


This substance, prepared by the method of Harding and Haworth 
(loc. cit.), boiled at 192—193°/25 mm.; it had d?“ 102981, n?* 
1-56343, [Rz]) 62-21 (calc. 61:50). It appears to be difficult to 
obtain this substance in a pure condition. 


a-cycloPenteneacetonitrile. 


This substance was prepared in the same way as the cyclohexene 
analogue and was carefully purified. It boiled at 99°/33 mm., 
and had d?* 0-93940, ni?” 1-46808, [Rz]p 31-69 (calc. 31-68). 

Condensation with Sodiocyanoacetamide.—The condensation with 
sodiocyanoacetamide was carried out as described on p. 2444. 
The iminoimide (VI) was obtained as a sandy powder, blackening 
and decomposing at about 290°; when boiled with hydrochloric 
acid, it gave the imide, which formed stout prisms melting at 
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200—202° and on hydrolysis with sulphuric acid gave a quanti- 
tative yield of cyclopentane-1 : 1-diacetic acid, m. p. 177°, identified 
by comparison with a genuine specimen (Kon and Thorpe, loc. cit.). 

Condensation with Piperonal.—The condensation with piperonal 
was carried out as described on p. 2445 and an equally good yield 
of the piperonylidene compound (IV) was obtained; this forms 
slender, yellow needles melting at 120° and dissolving in concen- 
trated sulphuric acid with a fine red colour (Found: N = 6-03. 
C,;H,30.N requires N = 5-85 per cent.). 


a-cycloPentylidenepropionitrile. 

The compound was prepared in the same way as the higher 
homologue and boiled at 131°/63 mm.; it had d?” 0-924661, np” 
1-47623, and [Rz]p 36-92 (calc. 36-30). 

Oxidation with ozone under the conditions described on p. 2446 
led to the formation of cyclopentanone, which was isolated as its 
semicarbazone and identified by direct comparison with a genuine 
specimen. 

Ethyl «-Cyano-88-dimethylacrylate. 

This substance was prepared as follows: a mixture of acetone 
(58 grams), ethyl cyanoacetate (113 grams), and piperidine 
(1 c.c.) was warmed on the steam-bath for an hour and kept for 
two days, when a considerable amount of water had separated. 
Ether was then added, the solution washed with dilute hydrochloric 
acid and with water, carefully dried with sodium sulphate, and 
distilled. The fraction 117—127°/20 mm. represents the practically 
pure ester, which readily solidifies when cooled in ice (Komppa, 
loc. cit.). The yield is about 60 per cent. 

Condensation with Ethyl Cyanoacetate—Equimolecular quantities 
of the two esters were mixed with saturated alcoholic ammonia 
(3 mols.) and kept for twenty-four hours. On working up the 
product in the usual way (Kon and Thorpe, loc. cit.), an almost 
quantitative yield of the w-imide of «a«’-dicyano-$8-dimethyl- 
glutaric acid, melting at 216—217°, was obtained. 

Methylation —All attempts to methylate the ester resulted in 
the formation of a strongly acid substance, which remained in the 
alkaline aqueous solution obtained on working up the product 
in the usual way; mineral acids precipitated a solid, melting at 
135° after purification, giving an intense green colour with alcoholic 
ferric chloride, and having all the other properties of ethyl 
2:6-dicyano-1 : 1 : 5-trimethy]-A’' ‘-cyclohexadien-3-ol-6-carboxylate 
(Gardner and Haworth, loc. cit.) (Found: N=11°44. Cale., 
N = 10°77 per cent.). 

The same compound was formed when the cyano-ester was added 
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to an excess of alcoholic sodium ethoxide. The reaction appeared 
to be almost instantaneous and on pouring the mixture into water 
no oil was precipitated ; on acidifying the solution with mineral acid, 
the compound m. p. 135° separated as an oil which soon solidified. 


Ethyl «-Cyano-BB-diethylacrylate. 

A mixture of diethyl ketone (84 grams), ethyl cyanoacetate 
(113 grams), and piperidine (1 c.c.) was digested on the steam-bath 
for forty-eight hours. The mixture was dissolved in ether, washed 
with dilute hydrochloric acid, then with water, dried, and the 
ether removed with the aid of a column. The residue was dis- 
tilled under reduced pressure, giving 25 grams of an oil boiling 
above 140°/35 mm.; this on redistillation gave 9-5 grams boiling 
at 127—132°/30 mm. and 8 grams at 132—140°/30 mm.; more of 
the latter was obtained by redistilling the lower fractions. The 
highest fraction consisted of almost pure ethyl «-cyano-$8-diethy]- 
acrylate and had di* 0-99690, nf” 1-46649, and [Rz]) 50°37 
(Found: N = 8-21. Cy, 9H,,O,N requires N = 7-74 per cent.). 

The low fractions obtained in this preparation consist of unchanged 
starting materials and can be used again. 

The condensation can also be carried out using acetic anhydride 
and zine chloride as condensing agents, but this method presents 
no advantages over that described above. A specimen of the 
ester obtained in this way had di§® 0-994105, n>” 1-46699, and 
[Rr]p 50°56 (calc. 49-27). 

The ester condensed readily with ethyl cyanoacetate and alcoholic 
ammonia, and an almost quantitative yield of the w-imide of 
aa’-dicyano-88-diethylglutaric acid was obtained, the compound 
melting at 202° (Guareschi, loc. cit.); it was identified by direct 
comparison with a genuine specimen. 


In conclusion, our thanks are due to Professor J. F. Thorpe, 
F.R.S., for his kind interest in the progress of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH Kensrneron, S.W. 7. [Received, July 13th, 1923.] 


CCLXXIX.—The Low Temperature Activation of 
Hydrogen. 


By ALLAN Ernest MITCHELL and ABRAHAM LINCOLN MARSHALL. 


In connexion with this work it is, in the first instance, opportune 
to give some account of the work carried out by Dr. S. Judd Lewis 
at the suggestion of Mr. Colin E. Campbell in 1918—1919, a note 
of which (privately communicated to the authors) is appended : 
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“ From consideration of several catalytic phenomena, in particular 
the low temperature reduction by hydrogen of copper oxide 
associated with a small percentage of palladium (Campbell, Amer. 
Chem. Journ., 1899, 17), Mr. Colin Campbell concluded that there 
must be an ultra-molecular effect, and arranged with Dr. Judd 
Lewis for a course of experiments, which were carried out in two 
stages. 

“ The first series consisted in applying hydrogen to the reduction 
of copper oxide placed just below and out of contact with a thin 
sheet of palladium. A comparison of the temperatures at which 
reduction took place under those conditions with those necessary 
in the control experiments carried out in the absence of palladium, 
showed a marked effect due to the vicinity of that metal. 

“Tt was an interesting feature of these experiments that the 
copper oxide nearest to the source of hydrogen was completely 
reduced, down to the bottom of the boat, as far as (as observed 
in the last three experiments) 5 cm. from the palladium asbestos, 
whatever the position of the boat, while there was no reduction 
whatever throughout the rest of the boat, either on the surface or 
in the body of the copper oxide. Dr. Lewis is of opinion that 
this effect would repay investigation. 

“In the second series of experiments, palladium asbestos was 
employed. Hydrogen was passed over copper oxide by way of a 
tube in which the asbestos was placed at a distance of 3 cm. from 
the oxide. The following (Table I) shows the results obtained under 
these conditions. 


TABLE [, 
Loss in 
Temper- Rate of flow Grams of weight of 
ature. of H,. Duration copper copper 
Expt. B. = blank. Bubbles per of expt. oxide oxide by 
No. E. = expt. minute. (mins.). taken. reduction. 
i. B. 200 120 75 7-0471 0-0039 
E. 155 120 60 is 0-2771 
2. B. 160 60 60 10-3300 Obviously 
small. 
E. 160 60 60 ‘ Obviously 
large. 
3. B. 120 60 60 9-6378 0-0037 
E. 120 60 60 ar 0-0121 
4, B. 90 46 70 9-7566 — 
E. 80 46 30 sp 0-1180 
5. B. 95 32 60 9-3832 0-0010 
E. 80 32 60 mo 0-2210 
6. B. 115 60 75 8-3800 0-0036 
E. 90 60 120 Re 0-1691 


“Tt was found that the active hydrogen reduced oleic acid (as 
olive oil) but did not reduce indigo solution and lost its power at 
a moderate distance from the palladium.” 
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At the suggestion of Professor Donnan, Anderson (T., 1922, 
121, 1153) carried out some work in which he found that apparently 
pure, dry hydrogen, when passed over platinised asbestos, acquired 
abnormal properties enabling it to react with other substances, 
such as cupric oxide, at much lower temperatures than when no 
platinum was present. He also found that this abnormal hydrogen 
was unstable, the effect only being obtained within a distance of 
5 cm. from the platinum. A critical examination of his methods 
of hydrogen purification left considerable doubt as to its purity, 
and therefore it was thought necessary to repeat some of the work, 
taking extreme precautions with the manipulation. 


EXPERIMENTAL. 


Accordingly, an apparatus (Fig. 1) was constructed which made 
it possible to use absolutely pure hydrogen. The gas from various 
sources, but principally either from the commercial cylinder supply 
or from the electrolysis of purified baryta solution, was passed 
through a tube carrying a small electric furnace. This tube 
contained a platinum—palladium diffusion tube sealed directly into 
the reaction tube. The temperature of the furnace was maintained 
at about 800°, and the external hydrogen pressure at 2—3 atmo. 
spheres, when it was found that the gas readily passed through 
the palladium and was thus purified by direct diffusion into the 
apparatus. The whole apparatus could be closed from the air, 
the ground joints A and B being. lubricated with pasty phosphoric 
acid and mercury-sealed. The silica boats containing the samples 
were provided with sealed-in iron cores and were capable of being 
moved by a magnet during the course of an experiment without 
the apparatus being opened. The moisture indicator consisted of 
two platinum wires sealed into B, their inside ends being joined 
by a bead of anhydrous calcium chloride. Of the outer ends, one 
was insulated while the other made contact with the mercury of 
the seal. This arrangement was connected in series with a sensi- 
tive galvanometer and a 4-volt battery, so that any change in 
surface conductivity due to hydration of the calcium chloride 
would be shown by a deflection of the galvanometer. The reaction 
tube was about 60 cm. long, the length of the part indicated within 
the oil-bath being 25 cm. ‘The outlet tube passed through a spiral 
cooled in liquid air, which served to remove any moisture possibly 
diffusing back, and to condense any mercury vapour or heavy 

hydrocarbon vapour possibly diffusing, during the evacuation, from 
the outlet tap, C, which was lubricated by rubber tap grease, previ- 
ously heated at 200° under diminished pressure for several hours. 
The portion of the tube outside the oil-bath carried an electric 
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furnace capable of giving tem- 
peratures up to 300°, so that if 
necessary the boats could be 
withdrawn from the portion 
within the oil-bath and heated 
to that temperature. 

It was decided to follow 
Anderson, and employ the 
temperature of reduction of 
cupric oxide as a test for the 
activity of the hydrogen. 

The platinised asbestos used 
was prepared according to 
Lunge (“‘ Technical Gas Analy- 
sis’) and was placed in its 
silica boat in a glass tube 
heated at 200°. Air was swept 
out by passing dry nitrogen; 
hydrogen was then admitted 
and passed for thirty minutes. 
This was removed by passing 
more nitrogen, and then oxygen 
was passed for the same time. 
This process was repeated six 
times, the boat allowed to cool, 
and then transferred quickly 
to the reaction tube through A. 

The cupric oxide was pre- 
cipitated from a boiling solution 
of copper sulphate by addition 
of alkali, washed free from salts 
by boiling water, and dried. 
It is well known that the re- 
activity of cupric oxide depends 
on its previous treatment. In 
all the experiments described, 
therefore, with the exception of 
the first three, the samples 
were prepared in the following 
manner. The silica boat, con- 
taining the sample, and the 
platinised asbestos were heated 
in the same tube at 200°. 
Oxygen was swept out with 
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nitrogen and the substance alternately reduced and oxidised in 
the same manner as the platinum, each process occupying an 
hour and being repeated six times. The oxide was finally cooled 
and transferred to the reaction tube through A. 

The sensitivity of the moisture indicator was tested from time 
to time by passing in air saturated with water vapour from 85—90 
per cent. sulphuric acid at 20°, and was found to be sensitive at 
once to this amount of moisture, the partial pressure of which is 
of the order of 0-15—0-10 mm. (Landolt-Bérnstein, ‘‘ Tabellen ”’). 

The apparatus was exhausted by means of a Vélmer pump and 
the vacuum maintained over a period of twenty-four hours (the 
pressure, therefore, could not be measured by means of a McLeod 
gauge of 100 c.c. capacity), the platinised asbestos and cupric 
oxide being in the outer portion of the tube and maintained at 
300°. After twenty-four hours, the cupric oxide was moved up 
until it was immediately below and at a distance of about 5 cm. 
from the indicator. The diffusion tube was then heated, and 
hydrogen admitted and allowed to escape at C under atmospheric 
pressure. The temperature of the oil-bath was raised slowly until 
a deflection of the galvanometer indicated the formation of water 
by the reduction of the oxide. The hydrogen was then stopped, 
the calcium chloride dried by means of a small heating coil, F, 
and the apparatus again evacuated for twelve hours. The platinised 
asbestos was then moved up into close proximity to the oxide and 
the experiment conducted as before. In all cases, unless otherwise 
specifically stated, the rate of flow of the gas stream was 
35 c.c./minute. 

A series of such determinations were made with the following 
results, the term “ control” being applied to experiments in which 
the platinised asbestos was in the outer portion of the tube : 


Reduction Temperature. 


| ae 135° 125° 140° 118° 115° 118° 116° 
Pt. adjacent ...... 135-5° * 124-5°* 139°* 117-5° 115° 117° 117° 


* These samples were prepared by reduction at haphazard temperatures. 


Experiments were then made in the same manner using cylinder 
hydrogen, which contained 0-2 per cent. of oxygen and no measur- 
able amount of carbon monoxide. The gas was dried by passage 
through about 14 inches of phosphoric oxide and a liquid air-cooled 
coil to remove possible grease or volatile phosphorus compounds. 

The following results were obtained : 


Reduction Temperature. 


eee 118° 117° 117° 116° 116° 
Pt. adjacent ...... 82° 83° 82° 82-5° 83° 
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The hydrogen was found to be activated in all cases, and by 
moving the platinum progressively further from the oxide, it was 
found that no activation could be detected if the distance were 
greater than 5-5 cm., at which extreme range the reduction tem- 
perature rose to 84° and beyond which all were of the order of 117°. 

These results lead us to suppose that the activation was due 
to the presence of oxygen, and therefore experiments were made 
in which small quantities of pure oxygen were mixed with pure 
hydrogen. A side tube with a ground joint was introduced at £. 
The joint was lubricated with pasty phosphoric acid and mercury- 
sealed, and the tube contained a known weight of purified potassium 
permanganate. Pure oxygen was then generated by carefully and 
regularly warming the permanganate, the liquid air-cooled tap 
serving to remove any moisture. Then, the rate of flow of the gas 
stream, the time of the experiment, and the loss of weight of the 
permanganate being known, the percentage of oxygen added was 
determined. In such a series the results were : 


Reduction Temperature. 


% Oxygen. Control. Pt. adjacent. Activity range (cm.). 
0-21 118° 83° 5-5 
0-15 118 82:5 5-0 
0-12 aky 83 5-0 
0-08 117 83 5-5 
0-05 116 83-5 5-5 
0-02 118 83 5-0 


Owing to difficulty in maintaining a steady evolution of oxygen, 
it was found impossible to work with quantities less than 0-02 per 
cent. by this method. In all these cases the range of activity was 
again about 5-5 cm. 

Pease and Taylor (J. Amer. Chem. Soc., 1921, 43, 2197) claim : 

(1) That the reduction of copper oxide by hydrogen is auto- 
catalytic, depending on the formation of copper nuclei in the 
copper oxide surfaces, and that reduction takes place only at these 


interfaces. 
(2) That the presence of oxygen is anticatalytic to the reduction 


of the oxide. 
This second view supports the observations of Bone and Wheeler 


(Phil. Trans., 1906, 206, [A], 1). 

It was thought in the first instance that, if the first point raised 
by Pease and Taylor were of consequence, once the copper oxide 
were slightly reduced, further reduction in the absence of platinum 
might be catalytic and could possibly take place at a lower tem- 
perature. In all the experiments described, however, check controls 
were made after the reduction with platinum present, and in every 
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case they agreed closely with the original controls. To test this 
idea further, experiments were made in which two separate samples 
of oxide were prepared under identical conditions. One was used 
for the control experiment, the other being placed meanwhile in a 
vacuum desiccator. The control having been made, the oxide 
was removed and the second sample placed in its stead, and the 
experiment repeated with the platinum adjacent. In these experi- 
ments, dried cylinder hydrogen (containing 0-2 per cent. of oxygen) 
was used and the following results were obtained : 


Reduction Temperatures. 


Control (sample 1) —s... .-. eee 117° 116° 118° 117-5° 
Pt. adjacent (sample 2) ...... 83° 82° 83° 82° 


Thus it would seem that the lowering of reduction temperature 
in presence of platinum is not influenced by the presence or absence 
of copper—copper oxide interfaces in so far as they can be decreased 
by alternation of reduction and oxidation in the preparation of 
the sample. 

In order to investigate the possible formation of water due to 
the combustion of hydrogen on the platinum surface, experiments 
were made with platinised asbestos alone, occupying the place of 
the copper oxide. Cylinder hydrogen was dried by phosphoric 
oxide and passage through the liquid air-cooled trap. The tem- 
perature of the bath was raised slowly to 80° and maintained at 
80—85° for two and a half hours, and was then again raised slowly 
to 110° and kept at 110—120° for a further two and a half hours, 
due allowance thus being made for possible adsorption on the walls 
ofthe tube. At neither temperature was water indicated. Analysis 
of the issuing gas showed it to be deficient in oxygen, the amount 
of which could not be estimated accurately. 

The experiment was repeated at 80—85°, the gas stream being 
passed for six hours. The platinised asbestos was then withdrawn 
to the outer portion of the tube, and heated at 300°, a stream of 
dry nitrogen being passed in place of the hydrogen. The presence 
of water in the nitrogen stream could then be detected by the 
indicator. On repeating the experiment at 80—85°, it was found 
that the hydrogen stream had to be passed for at least twelve 
hours before the moisture indicator was affected. The effect was 
a cumulative one in that the conductivity of the calcium chloride 
increased very slowly, a definite deflection of the galvanometer 
being obtained only after twelve hours. At 110—120°, the same 
effect was produced in eight to nine hours. 

The whole series of experiments was repeated, (1) the amount 
of platinised asbestos and of cupric oxide being varied between 
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0-5 gram and 1-5 grams, (2) the rate of flow of the hydrogen and 
of the mixtures being varied between 10 and 100 c.c./minute. 

The results obtained confirmed those of the earlier experiments, 
except that with rates of flow of 75—100 c.c./minute the reduction 
temperatures with platinum adjacent varied over a range of 84—90°, 
and the range of activity decreased to about 2 cm. 

Experiments in which plugs of glass-wool and purified phosphoric 
oxide were introduced between the platinised asbestos and the 
copper oxide indicated that for a certain period, ranging between 
fifteen and sixty minutes, the activity was destroyed, but after 
that period the results were the same as before. 


Discussion. 


Regarding the activation of hydrogen by these methods, the 
results of Anderson are confirmed. It is clear, however, that the 
activation is not a property of pure hydrogen, but can be attributed 
to the presence of traces of oxygen, amounts as low as, and perhaps 
lower than, 0-02 per cent. being sufficient to produce it. It is 
probable that, although Anderson took precautions to remove 
oxygen, some was left, although the amount should have been less 
than 0-02 per cent. 

We have shown that some combustion of the hydrogen does take 
place on the platinum at 80—85°, and also at 110—120°, but that 
the water formed, or at least most of it, is retained on the surface. 
The effect is cumulative and a considerable period must elapse 
before the surface becomes sufficiently saturated to allow of enough 
water passing on to affect the indicator, upon which the effect is 
again cumulative, the conductivity increasing very slowly and not 
rapidly as in the case of copper oxide reduction. 

If the pressure measurements of Anderson be considered, it 
would seem that the active hydrogen is not the triatomic gas of 
Usher (T., 1910, 97, 400), Lind (J. Amer. Chem. Soc., 1919, 40, 
454), Collie and Patterson (P., 1913, 41, 545), Chattock and Tyndall 
(Phil. Mag., 1908, [vi], 16, 24), and Wendt (J. Amer. Chem. Soc., 
1920, 42, 930). 

Bone and Wheeler (7'rans. Faraday Soc., 1922, 54, 659) explain 
the activation of gases on surfaces as due to ionisation on desorption. 

Venkataramaiah and Swamy (Proc. Sci. Ass. Maharajah’s College, 
Vizianagram, Dec., 1922, p. 23; Chem. Abstracts, 1923, 17, 1908) 
have shown that hydrogen is activated by diffusion through platinum 
or palladium at 400—500°, and that the gas produced is probably 
ionised, since it discharges a gold-leaf electroscope. 

Working with hydrogen alone, Wendt and Landauer (J. Amer. 
Chem. Soc., 1922, 44, 610) have shown that formation of triatomic 
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hydrogen is effected by contact with a heated platinum wire, 
Venkataramaiah (J. Amer. Chem. Soc., 1923, 42, 930) has described 
the activation of hydrogen by the combustion of hydrogen and 
oxygen on hot platinum surfaces, and claims that in the reaction 
the gases are ionised and triatomic hydrogen results. All the 
experiments in which the production of triatomic hydrogen js 
claimed were carried out at high temperatures, or, as in the cases 
of Usher and Lind, by «-particle bombardment; whilst in the 
present work it is certain that the temperature in general never 
rises above 120°. At these temperatures it does not seem likely 
that increase in electron emission or ionisation should be sufficient 
to impart to the gas its greater activity. Also since the introduc. 
tion of plugs of glass-wool and phosphoric oxide have been shown 
to have no effect on the activation other than that of retarding it, 
the possibility of reduction by hydrogen atoms or ions is precluded, 
since they will not survive such treatment. A possible explanation 
of the activation therefore presents itself in the formation of 
triatomic hydrogen either by ionisation by desorption, or by the 
local high temperatures which must result from the small amounts 
of combustion. It must be remembered that the amount of 
triatomic hydrogen produced under these conditions must be very 
small, and it is not surprising that Anderson’s pressure measure- 
ments did not indicate any molecular rearrangement. 

From comparison with other experimental work, we can only 
come to the conclusion that the activity is due to the formation 
of small amounts of triatomic hydrogen, and that the apparent 
differences in its behaviour as compared with that of the substance 
produced by Wendt and others are due more to differences of 
concentration than of constitution; this view, however, does not 
preclude the possible occurrence of a different modification of 
triatomic hydrogen. The energy hypothesis, as offered by Anderson, 
does not seem necessary to explain the observed phenomena. 


Summary. 


(1) Low temperature activation of pure hydrogen by contact 
with platinised asbestos does not occur. 

(2) It has been shown that traces of oxygen down to 0-02 per 
cent. will promote the activation, and that there is combustion 
of some of the hydrogen during the process. 

(3) The active hydrogen produced under these conditions is 
unstable—only persisting for a distance of 5 cm. from the activating 
surface, thus confirming the results of Anderson and Judd Lewis. 
The activity is apparently independent of the amount of platinum, 
but varies slightly with the time of contact. 
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(4) It is thought that the activity is due to the production of 
triatomic hydrogen in very small quantities, promoted by ionisation 
induced by the local high temperature of the combustion. 


In conclusion, the authors thank Professor F. G. Donnan, at 
whose suggestion this investigation was made, for his advice and 
helpful criticism, and Dr. Judd Lewis and Mr. Colin Campbell for 
communicating their results. 

THe Str Wiir1am Ramsay INORGANIC AND 
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OCLXXX.—The Hydroferrocyanides and Hydroferri- 
cyanides of the Organic Bases. Part II. 


By Wi1u1am Murpocn CuMMING. 


In continuation of work already described (T., 1922, 121, 1287), 
several new hydroferrocyanides have been prepared; their pro- 
perties conform with the results already obtained. Attempts to 
prepare hydroferrocyanides of ethylenediamine, pyrrole, carbazole, 
and 3-aminocarbazole have been unsuccessful. The salts were all 
precipitated in acid solution. 

Unless stated otherwise, the formule of the following salts are 
of the type (Base),,H,Fe(CN),,2H,O. 

Piperidine Hydroferrocyanide.—Yellowish-white, rhombic crystals, 
soluble in hot water, the solution being decomposed on continued 
boiling; decomposed by acetyl chloride in the cold. The salt 
becomes bright yellow, then orange on heating; it turns bright 
green on standing, the base being given off (Found: Fe = 13°10; 
N = 26-40. Calc., Fe = 13-27; N = 26-54 per cent.). The salt 
examined crystallographically by Hiortdahl (Jahresbericht, 1886, 1, 
512) consisted of yellow, triclinic prisms, (C;H,,N),,H,Fe(CN),,3H,O, 
but no indication was given of the method of preparation. 

Piperazine Hydroferrocyanide, C,H, )N>,H,Fe(CN),.,H,O.—Green, 
thombohedral crystals slightly soluble in water, a yellowish-green 
precipitate being thrown down from the solution on boiling; not 
decomposed by boiling acetic anhydride. The salt changes to 
bright yellow on heating and is stable (Found: Fe = 17-44; 
N = 35:03. Calc., Fe = 17-50; N = 35-00 per cent.). 

1-Menthylamine Hydroferrocyanide, C,j)H),N,H,Fe(CN),,83H,0.— 
White, rhombohedral crystals with bluish tinge; precipitated only 
by saturated sodium ferrocyanide solution; fairly soluble in water 
and soluble in excess of sodium ferrocyanide solution, both solu- 
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tions being decomposed on boiling. The salt turns blue on standing 


(Found: Fe = 13:06; N = 23-11. Cale., Fe = 13:17; N = 23-06 
per cent.). The salt loses its water of crystallisation on keeping 
for twenty-four hours in a desiccator over concentrated sulphuric 
acid (Found: Fe = 14-97. Calc., Fe = 15-09 per cent.). 
Methyldiphenylamine Hydroferrocyanide, 
NMePh,,H,Fe(CN),,7H,0. 
—The base is soluble in concentrated hydrochloric acid, but is 
precipitated on dilution. When saturated sodium ferrocyanide 
solution is added to the solution, a hydroferrocyanide as well as 
the base is precipitated; the base is removed by washing with 
absolute alcohol. White square plates, decomposed by hot water, 
the base being liberated as an oil; soluble in hot absolute alcohol, 
no decomposition taking place on boiling. Like the free base, it 
gives a violet coloration, turning blue then black on heating, with 
concentrated sulphuric acid. The salt gives off water on heating 
and turns green on keeping (Found: Fe = 10-54; N = 18:55. 
Calc., Fe = 10-66; N = 18-66 per cent.). 
Tetramethyldiaminodiphenylmethane Hydroferrocyanide, 
CH,(C,H,*"NMe,),,H,Fe(CN).,,2H,0. 
—White prisms, slightly soluble in water, from which it crystallises 


in green prisms; the solution decomposes on continued boiling, | 


The salt turns green on keeping (Found: Fe=11-01. Calc., 
Fe = 11-06 per cent.). 
Hexamethylenetetramine Hydroferrocyanide, 
(CoH 2N4)o,H,Fe(CN)¢,7H,0. 

—Green, rhombic prisms, fairly soluble in cold, readily soluble in hot 
water, from which it crystallises in greenish-yellow needles; the 
solution on continued boiling deposits a bright green precipitate, 
the usual decomposition not taking place. The salt turns bright 
yellow on heating, much water being given off; it is stable on keep- 
ing (Found: Fe= 8-96. Cale., Fe=9-00 per cent.). The 
greenish-yellow needles formed on crystallisation from hot water 
contain 8H,O, and have similar properties (Found: Fe = 8-74. 
Cale., Fe = 8-75 per cent.). 

Dimethylaminoazobenzene Hydroferrocyanide——Dark red plates, 
slightly soluble in water and soluble in absolute alcohol, giving red 
solutions which are not decomposed on continued boiling and are 
turned yellow by alkalis. The salt gives off red vapours, then 
yellow, when heated, but is stable on standing (Found: Fe = 7-97. 
Calc., Fe = 7-97 per cent.). 

Monomethyl-p-aminophenol Hydroferrocyanide, 

(HO-C,H,-NHMe),,H,Fe(CN),,3H,O. 
—White, diamond-shaped prisms with a blue tinge are gradually 
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precipitated by saturated ferrocyanide solution. The green solu- 
tion in hot water becomes brownish-yellow and is decolorised by 
alkali. The salt becomes lemon-green, giving off water, when 
heated, and blue on keeping (Found: Fe = 10-83, 10-90. Calc., 
Fe = 10-85 per cent.). 

Hydroferrocyanides of Basic Dyestuffs.—Insoluble salts form when 
saturated ferrocyanide solution is added to acid solutions of the 
basic dyestuffs. These compounds should prove useful for isolating 
such dyestuffs. Most of these salts, owing to their insolubility, 
have badly-defined crystalline structure, some being practically 
amorphous. They give off highly coloured vapours when heated, 
have in general the same colour as the dyestuffs from which they 
are prepared, and are generally stable. Owing to the difficulty 
of preparing some of the dyestuffs in a pure form, definite formule 
could not be assigned to all the hydroferrocyanides. The dyestuffs 
examined were Bismarck brown, auramine, chrysoidine Y, magenta, 
malachite-green, methyl-violet, proflavine, and acriflavine. 

Bismarck-brown Hydroferrocyanide, 

C,H,[N.°C,H3(NH,).],,H,Fe(CN),,H,0. 
—Reddish-brown plates, giving off heavy orange vapours when 
heated; almost insoluble in water (Found: Fe = 9-60. Calc., 
Fe = 9-65 per centt.). 

Chrysoidine Y (Diaminoazobenzene) Hydroferrocyanide, 

[Ph-N,°C,H,(NH,)2]5,H,Fe(CN),,4H,0. 

—Dark red needles, giving off heavy orange vapours when heated ; 
slightly soluble in hot water to give an orange-coloured solution 
which is not decomposed on boiling. Slightly soluble in boiling 
absolute alcohol (Found: Fe = 6-03. Calc., Fe = 6-06 per cent.). 

Auramine Hydroferrocyanide, C,H,,N3,H,Fe(CN),,3H,0.—Buff- 
coloured plates which turn bright red when heated, white fumes 
being evolved. Slightly soluble in boiling water, giving a green 
solution which is only slightly decomposed on continued boiling ; 
slightly soluble in boiling absolute alcohol, giving a yellow solution. 
The salt becomes green when kept (Found: Fe = 11°33. Calc., 
Fe = 11-38 per cent.). 

The conclusion drawn from the foregoing results is that an 
aromatic organic substance which is truly basic will form a hydro- 
ferrocyanide and, conversely, an aromatic compound which will 
form a hydroferrocyanide is truly basic. In the case of the follow- 
ing compounds, the introduction of an alkyl group increases the 
basicity to such an extent that a hydroferrocyanide is formed in 
acid solution, a result which seems contrary to the generally accepted 
view; o-anisidine, methyl-p-aminophenol, methyldiphenylamine, 
and dimethylaminoazobenzene form definite salts, whilst the 
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corresponding non-methyl-substituted compounds do not. The 
formation of salts in the case of the first two compounds shows 
that the basicity is increased whether the methyl group is sub. 
stituted in the hydroxy] or in the amino-group. 

The purity of an aromatic base may be determined by an 
estimation of the iron in the hydroferrocyanide, except in the 
case where isomerides are present which form hydroferrocyanides 
of identical composition, for example, the phenylenediamines. In 
the same way, such an estimation could be used for identifying 
certain bases; for example, quinoline and isoquinoline hydro. 
ferrocyanides contain 11-59 and 11-81 per cent. of iron, respectively, 

Hydroferrocyanides Precipitated in Alcoholic Solution.—In pur. 
suance of the work of Eisenberg (Annalen, 1880, 205, 265), hydro. 
ferrocyanides were formed by adding a cold saturated solution of 
hydroferrocyanic acid to a cold solution of the base in absolute 
alcohol. In some cases the salts were precipitated at once, in 
others only after standing. In the former cases, more and more 
dilute solutions of the bases were used until the precipitates were 
of definite crystalline structure when examined under the micro- 
scope; the salts were then washed with absolute alcohol and with 
ether and dried by suction. 

Their properties are similar to those of the salts already described. 
They are not decomposed by cold concentrated sulphuric acid, but 
dissolve on heating, the sulphate of the base being precipitated 
on cooling. In the case of para-substituted bases, colorations 
were obtained with cold concentrated nitric acid except in the 
case of p-bromo- and p-nitroso-dimethylaniline. The salts have 
generally the same crystalline structure and are more soluble in 
water than the corresponding salts precipitated in acid solution, 
and the solutions in water are only slightly decomposed on con- 
tinued boiling; in many cases, the free base is liberated by hot 
water. They are highly coloured, but are not so stable as the 
corresponding salts precipitated in acid solution. 

The analysis of these salts was carried out as before. Many of 
the salts correspond to the general formula (Base),,H,Fe(CN), as 
found by Eisenberg (loc. cit.) for the aniline salt. Another series 
of salts was obtained in which the general formula was 
(Base),,H,Fe(CN),. In several cases alcohol of crystallisation 
was present. Except where the bases were volatile, this could 
usually be identified by the iodoform and the ethyl acetate reactions. 

Hydroferrocyanides of certain hydrazo-compounds have been 
prepared ; salts of such compounds have hitherto not been described. 
From what has been said before, these compounds must be basic, 
and the author believes that this basicity is produced by intra- 


HYDROFERRICYANIDES OF THE ORGANIC BASES. 


molecular change (compare this vol., p. 2470). 
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The combination 


between base and acid is loose, for treatment with ether removes 
a part of the base. 
The influence of acidic groups was also studied in this case, 


with the same results as before. 
no hydroferrocyanide was precipitated in alcoholic solution. 


When an acidic group was present 


So 


the same rule with regard to basicity also applies to this class of 


hydroferrocyanides. 


The only compound so far examined which 


gives a hydroferrocyanide in alcoholic solution but not in acid or 
neutral solution is diphenylamine, and the hydroferrocyanide is 
only precipitated from a saturated solution of the base. 

The formule, etc., of the compounds prepared are given in the 
Where nothing appears in the third column, 
the crystalline structure and properties are similar to those of 


following table. 


the corresponding salt precipitated in acid solution. 


For conveni- 


ence, the symbols A, B, and C are used for base, H,Fe(CN),, and 
(,H,0, respectively, while solubility in water and in alcohol is 
denoted by s and ss, respectively. 


Base. 

Aniline 
m-Toluidine 
p-Xylidine 
p-Nitrosodimethyl- 

aniline 
p-Bromodimethyl- 

aniline 
Diphenylamine 
isoQuinoline 
o-Toluidine 


p-Toluidine 


Methylaniline 
Dimethylaniline 
Methyldipheny]- 
amine 
a-Naphthylamine 
8-Naphthylamine 


Benzidine 
o-Tolidine 
o-Dianisidine 


Pyridine 
Quinoline 


Formula. 


A,B 


> 


A,,B 


9? 


9? 


A,B,3C 
A,,B,2C 
A,,B,4C 


99 


A,,B,4C 
A,B,C 
A,B,C 


A;,B,C 
A,2B,4C 
A,2B,3C 


A,,B,xC 
A,,B,4C 


Crystalline 
structure, etc. Found. 
9-46 
White prisms.  s. 8-57 
8-09 
Yellowish-green, 
rhombohedral. - s. 10-84 
White, rhombohedral. s. 8-99 
White prisms. ss. 9-91 
11-80 
Greenish-white, 12-15 
prismatic needles. s. (C = 48-73 
Yellowish-white, 
rhombohedral. 8-84 
Yellowish-green prisms. s. 12-32 
mS s. 11-65 
Yellow, rhombo- 
hedral. ss. 9-46 
6-84 
White, lustrous, 6-66 
rhombohedral. - s. 
White, rhombohedral. 6-90 
Buff, cubic prisms. 13-48 
White plates. 13-75 


(N = 23-90 
Yellow, rhombohedral. 
Orange prisms. 11- 
(N 2 


Iron per cent. 


Cale. 
9-47 
8-66 
8-00 


10-85 


9-09 
9-92 
11-81 
12-14 
C = 49-45) 


8-90 
12-36 
11-64 


9-44 
6-86 
6-69 


6-88 
13-52 
13-76 

N = 24-07) 


11-45 
N = 23-10) 


The pyridine salt is extremely hygroscopic and the percentage 
of iron varied from 13-82 to 13-64 during a few hours, so that a 
definite composition could not be determined (for x = 3/4, Fe = 
13-71 per cent.). 

VOL. CXXIII. 


The salt is more soluble than the quinoline 
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compound in alcohol. The methyldiphenylamine and diphenyl. 
amine salts are the only ones soluble in absolute alcohol and no 
decomposition takes place on boiling. The aqueous solution of 
the p-nitrosodimethylaniline salt is not decomposed on boiling. 
Hydroferrocyanides of Hydrazo-compounds.—A saturated solution 
of hydroferrocyanic acid in absolute alcohol was added to a like 
solution of the hydrazo-compound in the cold. The salt that was 
precipitated on keeping was washed with absolute alcohol and 
dried by suction. The hydrazo-compound was completely pre- 
cipitated as its salt in this way. These salts are insoluble in water 
or in boiling absolute alcohol; they are decomposed by boiling 


water. The hydrazo-compound is liberated by the action of | 
alkali. The salts are decomposed by boiling acetic anhydride but 


not by boiling acetyl chloride. On standing, they turn blue, 
hydrocyanic acid being evolved. Ether partly dissolves the base 
in the cold. 


Hydrazobenzene hydroferrocyanide, C,H;*NH,-N-C,H;,H,Fe(CN),, | 


forms white, lustrous plates (Found: Fe = 14:07; N = 27-94. 
Calc., Fe = 14:00; N = 28-00 per cent.). o-Hydrazotoluene hydro- 
ferrocyanide, C H,Me-NH,:N-C,H,Me,2H,Fe(CN),, forms white, 
lustrous plates with a green tinge (Found: Fe = 17:39. Calc., 
Fe = 17:39 per cent.). 

Hydroferrocyanides Precipitated in Neutral Solution—In the 
earlier paper, it was pointed out that p-toluidine does not form a 


hydroferrocyanide in acid solution, a property which was utilised | 
in the separation of o- and p-toluidines. When, however, ferro- | 


cyanide solution was added to a saturated solution of p-toluidine 
hydrochloride a definite salt was formed. This reaction has been 
extended to other hydrochlorides and a new series of salts obtained 


of the general formula (Base),,H,Fe(CN),,.7H,O. These salts have | 


the same properties as those already described. In some cases 


the base was dissolved in concentrated or dilute hydrochloric acid | 


until the solution was neutral to congo-red and: saturated at the 


ordinary temperature, and a saturated or dilute sodium ferro- | 


cyanide solution was added as required. 


Pyridine and isoquinoline form double salts with sodium ferro- | 


cyanide which are very soluble in water. 

The formule, etc., of these salts are given in the following table, 
C in this case representing one molecule of water of crystallisation. 

Pyridine and isoQuinoline Sodium Ferrocyanides.—When con- 
centrated hydrochloric acid was added to pyridine or isoquinoline 
in such amount as to leave excess of the base, and the cooled 
solution treated with saturated sodium ferrocyanide solution, a 
colour change to orange took place and crystals then separated. 
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Crystalline Iron per cent, 

Base. Formula. structure, etc. Found. Calc. 
Aniline A;,B,3C 8. 10-03 10-02 
(N = 23-09 22-95) 

o-Toluidine A,,B,2C Green diamond plates. 8-28 8-23 
(N = 20-70 20-59) 

th 95 A;,B,C —_ Greenish-grey plates. 10-07 = 10-09 
po» mm White, prismatic 10-02 10-09 
needles. (C = 58-73 ~=—58-38) 
(H = 6-02 5-94) 

Benzidine . White prisms. 7-11 7-12 
o-Tolidine A,,B,3C White plates. 8-04 8-07 
o-Phenylene- Brown, rhombo- 

diamine A,,B,C hedral. ss. 12-41 12-45 
m= i. sal Buff, diamond plates. 12-48 12-45 
p as A,,B Pale green plates.  s. 13:00 12-96 


These crystals fused when heated, giving off the base, and on igni- 
tion left a residue (about 70 per cent.) containing sodium and iron. 
In the case of pyridine two salts were isolated. The salts are very 
soluble in water and insoluble in absolute alcohol, and become 
slightly green when kept. The cyanogen in these cases was readily 
estimated by Williams’s method (J. Soc. Chem. Ind., 1912, 34, 
468; see T., 1922, 121, 1292). 

Pyridine sodium ferrocyanide, (C;H;N),,Na,Fe(CN),, forms white, 
lustrous plates (Found: CN = 33°86. Cale., CN = 33-76 per 
cent.). Another crop of crystals of the same composition was 
obtained by adding saturated ferrocyanide solution to the mother- 
liquor. The crystals obtained by evaporation of the mother- 
liquor without the addition of ferrocyanide gave no pyridine when 
heated; they consisted of square, yellow plates and appeared to 
have the composition represented by the formula Na,Fe(CN).,7H,O 
(Found: CN = 36-06. Calc., CN = 36:27 per cent.). When a 
little caustic soda was added to a solution of the white plates in 
water, long, yellow needles separated. This substance gave off the 
base and water when heated, and appeared to be a monohydrate of 
the original salt (Found: CN = 32:11. Cale., CN = 32-50 per cent.). 

isoQuinoline sodium ferrocyanide, (C,H,N)3,2Na,Fe(CN),,H,O, 
forms white, lustrous plates (Found: CN = 30°69. Cale., CN = 
30°85 per cent.). 

Quinoline hydroferrocyanide, (CyH,N),H,Fe(CN),,13H,O, — pre- 
pared in the same way as pyridine sodium ferrocyanide, forms 
deep red, rhombic crystals which become yellow, then green, when 
heated. The salt is insoluble in cold, but soluble in hot water; 
when boiled, the solution gives an orange precipitate without the 
usual decomposition. The salt is stable (Found: Fe = 8-86; 
N = 20:15. Calc., Fe = 8-88; N = 20-00 per cent.). 

Separations.—Isolation of Pure Diphenylamine from the Com- 


mercial Product. To a dilute absolute alcoholic solution of the 
402 
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commercial product, which usually contains a considerable pro. 
portion of aniline, is added a saturated solution of hydroferrocyanic 


acid in absolute alcohol. The aniline salt, which is immediately red 
precipitated, is removed and washed with a little absolute alcohol, § 0 t 
The diphenylamine is obtained from the filtrate, after concentration, § 2g 
by treatment with caustic soda. yell 
Separation of Quinoline from isoQuinoline—To the mixture is § Thi 
added concentrated hydrochloric acid in sufficient quantity to 9375 
leave excess of the bases present. Saturated sodium ferrocyanide § 42 
solution is added; after some time, a mixture is precipitated J 12] 
consisting of the red crystals of the normal neutral hydroferro. § lig! 
cyanide of quinoline along with the white plates of isoquinoline § 1 
sodium ferrocyanide. This mixture is filtered off and washed with § ye! 
absolute alcohol. The residue is treated with water, when the Js. 
isoquinoline salt passes into solution, leaving the insoluble quinoline 
compound. The bases are then liberated in the usual way. This J of ' 
separation coupled with that already given in the earlier paper 9 (4 
(loc. cit., p. 1298) effects a separation of quinoline and isoquinoline J ii, 
from mixtures containing pyridine and its homologues such as 9 by 


are present in the higher-boiling bases obtained from coal tar. 


The author wishes again to thank Professor F. J. Wilson for § na 


his kind interest in this work. iso 
THE Roya TECHNICAL COLLEGE, for 
GLASGOW. [Received, June 18th, 1923.] wh 


CCLXXXI.—Reduction of Nitronaphthalenes. Part I. tin 
Reduction of a-Nitronaphthalene. 


By Witut1AM Murpocn CumMMING and JAMES KING STEEL. 61 


Tue work was undertaken in order, if possible, to reduce «-nitro- J {21 
naphthalene to the hydrazo-compound and to convert this into § 2” 
naphthidine. Reduction in alkaline solution having proved unsuc- § @' 
cessful, a neutral reducing agent was employed. The most satis- by 
factory agent was zinc dust and ammonium chloride at a temperature So 
of 70°. Below this temperature, according to D.R.-P. 84,138, } ° 
a-naphthylhydroxylamine, and above it a-naphthylamine, is ] 4 
formed. The azoxy-, azo-, and hydrazo-compounds were obtained § 4! 
by this means, the requisite quantity of zinc being used in each ] St 
case. 

Two modifications of the azoxy-compound were isolated in 
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yellow plates and red, rhombic crystals, both melting at 127°. 
The yellow modification is phototropic, being converted into the 
red modification on exposure to bright sunlight for a few minutes 
or to ultra-violet light. Very sharp prints were obtained by expos- 
ing paper, moistened with a very dilute alcoholic solution of the 
yellow modification, to sunlight behind a photographic negative. 
This colour change was noticed by Wacker (Annalen, 1901, 317, 
375), and is also referred to by Baudisch and Furst (Ber., 1912, 45, 
3426), who explain it as being due to the conversion of ««’-azoxy- 
naphthalene into «a-naphthaleneazo-«-naphthol on exposure to 
light. 

The view of the present authors is that the change from the 
yellow to the red modification is represented by a change of structure 


hin o<te to OINR:NR. Isomerides, O:NR:NR’ and O:NR’:NR, 


of the second type have already been isolated by Angeli and others 
(Atti R. Accad. Lincei, 1915, [v], 22, i, 201, 282; Gazzetta, 1916, 46, 
ii, 67), and two modifications of azoxybenzene and azoxytoluene 
by Reissart (Ber., 1909, 42, 1364). 

The authors also suggest that the two forms of the hydrazo- 
compound isolated by them represent isomerides of a similar type, 
namely, NHR-NHR and NR:NH,R. The existence of these 


j isomerides seems to afford additional evidence in favour of the 
] formule assigned to the two modifications of the azoxy-compounds, 


which would respectively produce them on reduction. 


EXPERIMENTAL. 


Alkaline Reduction——The «-nitronaphthalene, crystallised ten 
times from alcohol, melted at 58-5° (Beilstein and Kuhlberg, Annalen, 
1873, 169, 81, give m. p. 58°5°; Mills, Proc. Roy. Soc., 1881, 31, 205, 
gives m. p. 56°; and Schiff, Annalen, 1884, 223, 247, gives m. p. 
615°). Reduction with sodium amalgam in alcoholic solution 
failed to give any satisfactory results. When a large excess of 
amalgam was employed, the solution became very dark, there was 
a tendency to tarring, and a brown deposit resembling that obtained 
by Jaworsky (Jahresbericht., 1864, 532) was formed in small quantity- 
Sodium hydroxide and zinc dust also failed as reducing agent. On 
carrying out the experiment under reflux at 70—75° with 5 per cent. 
aqueous sodium hydroxide and an equal volume of alcohol, a small 
quantity of a brown, amorphous compound was deposited after 
standing. This had no definite melting point and was extremely 
difficult to free from zine (compare Wacker, loc. cit.). 

Sodium hydroxide appears to hinder reduction to the azoxy. 
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compound and tends to produce tar and naphthylamine. The more 
important results are summarised in the following table : 


% NaOH in 


aqueous 
soln. Solvent. Temp. Products. 
20 No solvent 105° Tar, C,.H,-NH,, and a little C,)H,-NO,,. 
20 Benzene 80 Tar, C,,H,-NH,; no C,,H,-NO, detected. 
5 No solvent 100 C,,H,-NO,, tar (little reduction). 
5 Alcohol 70—75 C,,H,-NO,, brown deposit; no tar. 
7:5 Alcohol 70—75 C,,H,-NO,, brown deposit, tar. 


In general, with concentrations of sodium hydroxide higher 
than 5 per cent. and at temperatures exceeding 75°, the products 
of reduction are «-naphthylamine and tar, whilst at lower tempera- 
tures and concentrations little reduction occurs. 

Neutral Reduction.—a«'-Azoxynaphthalene, Attempts to carry 
out the reduction according to Wacker’s directions (loc. cit.) were 
not successful, as on addition of water to the filtrate tarring always 
took place. Azoxynaphthalene was finally isolated in the following 
manner: ‘Twenty grams of a-nitronaphthalene, 175 c.c. of 90 
per cent. alcohol, 50 c.c. of water, and 40 grams of ammonium 
chloride were heated together on the water-bath at 70°, the nitro- 
naphthalene going completely into solution, but some of the 
ammonium chloride remaining undissolved. To this solution 28 
grams of zinc dust were added at such a rate that the temperature 
was maintained at 79-75°; above 75°, tarring took place and 
below 70° a part of the nitronaphthalene was precipitated. The 
solution, which gradually changed from yellow to red, was filtered 
hot, the residue extracted with boiling 90 per cent. alcohol, and the 
combined extract and filtrate cooled. The yellow, crystalline 
precipitate ‘was removed and the filtrate concentrated under 
diminished pressure, a further deposit being obtained. When kept 
for more than twelve hours or if heated, the filtrate became dark 
in colour and decomposition took place. The crystalline product was 
extracted with warm water to remove ammonium chloride and 
then several times with alcohol; white, slightly efflorescent needles 
of a zinc compound remained, which was insoluble in water, but 
dissolved readily in dilute hydrochloric acid [Found : Zn = 54-14; 
Cl = 11-75; NH, = 5-95. 2NH,C1,5Zn(OH), requires Zn = 54-88; 
Cl = 11-66; NH, = 5-65 per cent.]. Bertrand (Compt. rend., 
1892, 115, 940), in an investigation on the zincates of the alkaline 
earths, obtained a compound which he believed had the above 
composition. He, however, gave no details of preparation or 
analysis. 

The product obtained from the alcoholic extracts was recrystal- 
lised from alcohol and the yellow crystals deposited on cooling 
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melted at 127° and displayed the characteristic reactions of 
xa'-azoxynaphthalene (Found: N = 9-33. Calc., N = 9-39 per 
cent.). 

On slow crystallisation of an alcoholic solution, red, rhombic 
crystals, m. p. 127°, were obtained together with those of the yellow 
variety. The red crystals readily grew in the solution and were 
easily separated from the yellow by mechanical means. They were 
also obtained by evaporation of a solution of the yellow variety 
in chloroform. The yellow crystals gradually became red on 
exposure to bright sunlight or to the rays from a mercury vapour 
lamp. This change took place more quickly in alcoholic solution, 
the light yellow solution becoming deep red. 

ac’-Azonaphthalene.—a«-Nitronaphthalene was reduced to the 
azoxy-com pound as described above and 7 grams of zinc dust were 
then added to the mixture, the temperature being maintained at 
70-75°. In this case, as in the preceding, the heat evolved was 
considerably greater towards the end of the reaction, necessitating 
slower addition of the zinc; in all about forty-five minutes were 
required for the reduction. After filtration at 50° and treatment 
of the residue in small portions with dilute hydrochloric acid to 
remove «-naphthylamine and zinc oxide, red, rhombic crystals 
together with a small quantity of the azoxy-compound and a few 
colourless plates remained. Extraction with 90 per cent. alcohol 
and repeated crystallisation from the same solvent and finally from 
absolute alcohol yielded red crystals, m. p. 186°, of azonaphthalene 
(Neitski and Goll, Ber., 1885, 18, 297, 3252). A current of air 
passing through an alcoholic solution of the substance sufficed to 
oxidise it to the azoxy-compound. 

The filtrate from the reduction product after treatment with 
dilute hydrochloric acid yielded «-naphthylamine on addition of 
sodium hydroxide. In the case of azonaphthalene only one 
crystalline formation was observed; the colour was red, not blue 
as stated by Neitski and Goll (loc. cit.). 

aa’-Hydrazonaphthalene.—The preparation previously described 
was repeated and a further quantity of alcohol was added when the 
solution had attained its maximum redness in order to dissolve 
completely the azonaphthalene, part of which had been thrown out 
of solution. After the addition of 45 grams of zine the solution 
became colourless. On exposure to air, it reddened very quickly ; 
rapid filtration was therefore necessary. The filtrate having been 
decolorised by addition of a little zinc, about two-thirds of the 
alcohol was evaporated under reduced pressure, and the white mass 
of ammonium chloride, zinc oxide, and hydrazonaphthalene dried 
as quickly as possible and treated with absolute alcohol, in which 
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hydrazonaphthalene is fairly stable; the addition, however, of 
small quantity of water readily brought about oxidation on exposure 
to air. aa«’-Hydrazonaphthalene was finally obtained in colourless 
needles, m. p. 274° (Found: N=9-76. CyH,gN, requires 
N = 9-79 per cent.); a few diamond-shaped plates always occurred 
mixed with the needles. A current of air passed through a dilute 
alcoholic solution of the hydrazo-compound oxidised it to the 
azoxy-compound, but when part of the alcohol was removed from 
more concentrated solution under reduced pressure azonaphthalene 
was deposited. The hydrazo-compound was treated with dilute 
hydrochloric acid at 70°; addition of concentrated hydrochloric 
acid caused no separation, but sodium hydroxide precipitated a 
white compound, which, recrystallised from alcohol, formed colour. 
less needles, m. p. 273°, corresponding to the dinaphthyline of 
Neitski and Goll (m. p. 273°). With oxidising agents a solution 
of the hydrochloride gave a brown coloration. On diazotisation 
and coupling with R salt, a red dyestuff was obtained. 

Naphthidine.—This compound was obtained by reducing azoxy- 
naphthalene in glacial acetic acid solution by means of stannous 
chloride in hydrochloric acid; under similar conditions, «-nitro- 
naphthalene is not reduced. Reduction readily took place and no 
a-naphthylamine was detected. The white compound precipitated 
on addition of concentrated hydrochloric acid was washed with 
dilute hydrochloric acid and its aqueous solution treated with 
sodium hydroxide; the base crystallised from alcohol in silvery 
plates, m. p. 198°. The solution of the hydrochloride gave a carmine 
coloration with oxidising agents. On diazotisation and coupling 
with R salt, a dye was obtained the aqueous solution of which 
was reddish-violet with a blue fluorescence. 

After reduction of «-nitronaphthalene to the hydrazo-compound 
the reduction mixture was filtered quickly and dilute sulphuric acid 
added to the filtrate, when a crystalline compound was immediately 
thrown down. This was recrystallised several times from alcohol, 
from which it separated in colourless, silky needles, melting at 216° 
and giving the characteristic reactions of a secondary amine. It 
was the dinaphthyleneimine obtained by Neitski and Goll after 
boiling naphthidine for some time with dilute hydrochloric acid 
(Found: N = 5-16. Calc., N = 5-24 per cent.). It readily gave 
a benzoyl derivative, colourless plates, m. p. 119°. Its formation 
is represented by the following scheme; the sulphate of the base 
was not obtained. 
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Constitution of the Two Forms of Azoxyna phthalene.—Photographs 
of the absorption spectra of a N’/3000-solution of the yellow modifi- 
ation in alcohol were taken, the solution was then exposed to 
unlight for about one hour until it attained its maximum redness, 
ind photographs were again taken (Fig. 1); the graphs show that the 
smpounds are not dimorphous. Conversion from the red into the 
yellow modification took place on dissolving the former in hot 
alcohol and rapidly cooling the solution. Only one type of com- 
pound is possible in the case of a«’-azonaphthalene and only one 
crystalline form was obtained. 
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The possibility of a similar change in structure occurring in the 
case of hydrazonaphthalene was investigated. The filtrate from 
the reduction mixture was saturated with sulphur dioxide and 
allowed to crystallise under reduced pressure, when the hydrazo- 
compound was precipitated in diamond-shaped plates mixed with a 
few needles. The needles were found to be the more stable form ; 
recrystallisation from absolute alcohol partly converted the plates 
into needles. The needles were converted into plates by treating 
a saturated alcoholic solution at 70° with sulphur dioxide and 
allowing it to crystallise slowly; 0:54 gram of sulphur dioxide in 


100 c.c. of solution was required to bring about complete conversion. 
4 0* 
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The plates melt at 271° and the needles at 274°; a mixture of the 
two melted at 269°5°. 

When a saturated solution of hydroferrocyanic acid in absolute 
alcohol was added to a similar solution of hydrazonaphthalene and 
the solution concentrated under reduced pressure, a salt was obtained 
in colourless plates [Found : Fe = 13-85. (CygH1gN2)o,3H,Fe(CN), 
requires Fe = 13-82 per cent.]. The salt was unstable and had the 
properties of such salts already described by Cumming (compare 
this vol., p. 2461). 

This result does not conflict with the view already stated with 
regard to the conversion of the hydrazo-compound into the base. 
By the action of a dilute acid the first change shown in the following 
scheme occurs. On increasing the strength of the acid or raising 
the temperature, the semidine change takes place, and is followed 


R , 
by the benzidine transformation; the imine oO NH is formed 


finally by the loss of ammonia : 


NH[RH}-NH[RH] —> NH,{RH]:N[RH] —> NH,*R-NH[RH] —> 
NH,:R-R-NH,, 


Summary. 


1. ««’-Hydrazonaphthalene can be formed by the direct reduction 
of «-nitronaphthalene in neutral solution. 

2. The azoxy- and hydrazo-compounds exist in two isomeric 
forms of the constitutions suggested, the one form being readily 
converted into the other. 

3. Naphthidine, dinaphthyline, and an imine are formed by 
treating the hydrazo-compound with strong acids. 


THE Royat TECHNICAL COLLEGE, 
GLAsGow. [Received, June 18th, 1923.] 


CCLXXXII.—Chlorination of Benzoyl Chloride. 
Part I. 


By Epwarp Hors and Grorce CiirrorD RILEY. 


In the previous communication (T., 1922, 121, 2510), we described 
the investigation of the nature and proportions of the products 
obtained when benzoyl! chloride was chlorinated in the presence 
of anhydrous ferric chloride to a stage corresponding to the intro- 
duction of one atom of chlorine into the molecule. 

The present paper deals with the products, in particular the 
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dichloro-compounds, obtained when the reaction is carried a stage 
further. 

The chlorination was carried out at 35° in a similar manner and 
apparatus to that already described, but was continued until the 
increase in weight had attained a value 1-6 times that corresponding 
with the substitution of one atom of chlorine for hydrogen. The 
estimation of the individual compounds in the product was again 
carried out by repeated fractional distillation of the mixture under 
reduced pressure, collection of definite fractions, hydrolysis of 
these separately to the corresponding acid mixtures, and estimation 
of the composition of the latter. 

In the case of the monochloro-fractions, this was accomplished 
by the method previously described, and the proportions of the 
ijsomerides were found to be very similar to those in the mono- 
chlorinated mixture, namely, meta-, 79-3 per cent.; ortho-, 20 per 
cent.; para-, 0-7 per cent. Compared with the previous figures, 
these are an increase of 5-5 per cent. in the case of the ortho-, and a 
decrease of 4-2 and 1-3 per cent. respectively in those of the meta- 
and para-compounds. A possible explanation of the difference is 
that the meta- and para-compounds may more readily undergo 
further chlorination than the ortho-. 

The analysis also showed that, under the conditions described, 
none of the original benzoyl chloride was left unchanged, 54 per cent. 
of it was converted into monochlorobenzoyl chlorides, and 37 
per cent. was isolated as a very definite fraction boiling at 120— 
122°/12 mm., consisting of dichlorobenzoyl chlorides. A con- 
siderable amount of tarry matter was formed, weighing, when freed 
from iron, 7-5 per cent. of the original benzoy] chloride. 

The acid mixture from the hydrolysis of the dichloro-fraction was 
shown to contain 2: 5-dichlorobenzoic acid as main constituent, 
and its approximate proportion in the mixture, 70 per cent., was 
estimated by means of a melting-point curve subsequently 
determined for mixtures of 2:5- and 2: 3-dichlorobenzoic acids. 
By converting the mixture into its barium salts, and fractionally 
crystallising these from water, the very sparingly soluble barium 
salt of 3 : 4-dichlorobenzoic acid (m. p. 205°) was isolated, in amount 
corresponding with a proportion of 6-7 per cent. of this acid in the 
original mixture, next the salt of the 2: 5-acid (m. p. 154-4°), and 
finally fractions giving an acid product melting fairly sharply 
between 126° and 128°. This at first seemed to indicate a pure 
acid, but the conclusion was shown to be incorrect by the fact that 
the addition of a fairly small amount of the 2: 5-acid raised the 
melting point. Recrystallisation of this product from water, 30 per 


cent. acetic acid, benzene, or light petroleum, and of the barium 
40*2 
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salt from water or 95 per cent. alcohol, was not successful in separ. 
ating an acid having a total melting point above 128°, or which was 
half melted below 122°. 

On reviewing the literature, it was found that this corresponds 
with the results recorded by some of the earlier investigators of the 
mixture of dichlorobenzoic acids obtained from the dichlorotoluene 
fraction produced in the chlorination of toluene, and it accounts 
for much of the confusion existing in the identification of the 
products of this reaction, as it was always taken to be a single pure 
compound. 

Fig. 1. 


Solidification temperatures of mixtures of m-chlorobenzoic acid 
and 2: 5-dichlorobenzoic acid. 
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Aronheim and Dietrich (Ber., 1875, 8, 1401), on fractionally 
crystallising the barium salts of the acid mixture from the above 
dichlorotoluene fraction, obtained acids melting at 201° and 122°. 
Schultz (Annalen, 1877, 187, 260) similarly obtained acids of 
melting points 201°, 156°, and 126-5° and considered them to be 
pure compounds. Claus and Stavenhagen (ibid., 1892, 269, 224) 
suggested that the latter could not be pure, on the ground that its 
melting point did not agree with that of any one of the pure dichloro- 
acids that had been obtained (for example, by Lellmann and Klotz, 
ibid., 1885, 231, 308), but Cohen and Dakin (T., 1901, 79, 1111) say 
that the melting point of this acid is “ in fair agreement ”’ with that 
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of the 2:6-acid they prepared of melting point 139—140°, and 
consequently assign to it this constitution. 

A clue to the true nature of this product was obtained when the 
melting-point curve of mixtures of m-chlorobenzoic acid and 
2: 5-dichlorobenzoic acid was determined, for the purpose of com- 
paring the effect of the latter with that of the o- or p-chlorobenzoic 
acid. 

The interesting result of this determination was that the curve 
obtained indicated the existence of a molecular compound of one 


Fia. 2. 


Solidification temperatures of mixtures of 2 :3-dichlorobenzoic acid 
and 2: 5-dichlorobenzoic acid. 
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molecule of each acid (Fig. 1). By analogy, it was concluded that 
the above substance of melting point 128° was most probably a 
similar molecular compound between the 2 : 5- and another dichloro- 
acid, and consideration of the rules of substitution made it seem 
most likely that the latter would be the 2: 3-acid. Accordingly 
the mixed melting-point curve of the 2 : 5- and 2 : 3-dichlorobenzoic 
acids was determined (Fig. 2). Although not quite of the form 
expected, this curve indicates the existence of a molecular com- 
pound, of probably two molecules of the 2 : 5-acid with one of the 
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2:3-, as the slope of the curve at 66 per cent. 2: 5-acid is within 
the range of the experimental error, but it is possible that it contains 
a greater proportion of the 2: 5-acid, the portion of the curve 
showing the lowering of the fusion point of the 2 : 5-acid masking 
that part of the curve that would decide this point. The curve 
also shows that over quite a large range (from 33-3 to 49 per cent. 
of the 2 : 3-acid) the upper fusion point of such mixtures lies between 
the temperatures 126° and 130°. 

The products of m. p. 126—128° from the barium salt crystallis. 
ation were shown to be mainly identical with some mixture in this 
range, by taking a mixed melting point, the somewhat lower 
temperatures probably being caused by the presence of another 
dichloro-acid in very small quantity. It was not possible to say 
whether the fractional crystallisation really did or did not have an 
effect on the composition of the fractions, for as long as the com. 
position remained between these limits it was not possible to 
distinguish by melting-point determinations. 

The approximate composition of the 120—122° fraction was thus 
shown to be 70 per cent. of 2: 5-, 23 per cent. of 2: 3-, and 7 per 
cent. of 3 : 4-dichlorobenzoyl] chloride. 

The literature concerning the dichloro-acids obtained in the 
chlorination of benzoic acid, which seemed to be the most nearly 
related reaction with which to compare the above results, is very 
conflicting and unsatisfactory. Up to 1912, the only dichloro-acid 
definitely established as being produced in this reaction was the 
3: 4-acid, isolated by Beilstein and Kuhlberg (Annalen, 1869, 152, 
231) by means of its sparingly soluble barium salt. Claus and 
Pfeiffer (Ber., 1872, 5, 656; 1873, 6, 721) and Claus and Thiel 
(ibid., 1875, 8, 948) overlooked this acid, but isolated an acid of 
melting point 156°, and later observers described acids melting at 
150°, 153°, and 156°, certain observations of their properties (for 
example, by Claus and Bucher, ibid., 1887, 20, 1622) indicating that 
these acids were not identical. They have been variously described 
as being the 2: 3-, 2:4-, or 2: 5-dichloro-acid, but without any 
very convincing proof. Bornwater (Rec. trav. chim., 1912, 31, 221) 
identified the 3 : 4- and 2: 5-acids in his product. He also revised 
the values for the melting points of the dichlorobenzoic acids, 
to which very varying values had been assigned, with the exception 
of the 2: 3-acid. In the present work, this was redetermined, and 
found to have the value 168-3° (compare Cohen and Dakin, T., 1901, 
79, 1128, who give the value 163°). 

Much more definite and quantitative results are given by Holleman 
for the nitration of the monochlorobenzoic acids (“ Die direkte 
Einfiihrung von Substituenten in den Benzolkern,” 1910, p. 245). 
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Thus, nitration at 0° of o-chlorobenzoic acid gives 84 per cent. of 
9.chloro-5-nitro-acid and 16 per cent. of 2-chloro-3-nitro-acid, of 
m-chlorobenzoic acid gives 91-3 per cent. of 5-chloro-2-nitro-acid 
and 8-7 per cent. of 3-chloro-2-nitro-acid, and of p-chlorobenzoic 
acid gives the 4-chloro-3-nitro-acid. In this case, as with the 
chlorination of the chlorobenzoy] chlorides in the present investig- 
ation, the entering group seems to take up a position solely due 
to the orientating effect of the chlorine atom already present. 


ExPERIMENTAL. 


Chlorination of 301-2 grams of pure benzoyl chloride with the 
addition of 7:1 grams of anhydrous ferric chloride was carried out 
at 35° in an apparatus and manner similar to that described pre- 
viously (T., 1922, 121, 2515). At the end of seven and a quarter 
hours the increase of weight was 125-4 grams, giving a total 
weight of 433-7 grams of the reaction mixture, a clear deep red 
solution. 

Distillation of the Reaction Mixture —285-5 Grams of the liquid 
were weighed out into a large Claisen distilling flask, and heated 
at 12 mm. pressure until on the point of distilling, reweighed, and 
then distilled at this pressure until the thermometer reading was 
124°. 

Loss of weight before distillation 3-5 grams. 


Distillate collected between 105—115° 135-7 ___is,; 
115—124° . bi —_ 


ZIS ow 


> 


Dark red residual liquid 


The distillate was fractionally redistilled three times from one 
of the special flasks with a column of eight bulbs, giving the final 


fractions 

98—102° 50-4 grams. 120—122° 106-7 grams. 
102—106° 409 ,, Further residue 129 ,, 
106—120° 40:2 ,, Total 251-1 ,, 


Hydrolysis and Estimation of the Fractions.—Kach fraction was 
hydrolysed with boiling distilled water as before, and the acid 
mixtures from the fractions up to 120° were analysed by the physical 
method already described (loc. cit.). In that from the 106—120° 
fraction, containing some dichloro-acids, the amounts of the 
m-chloro- and o-chloro-acids were estimated separately by addition 
of excess of the particular pure acid and a solidification-point 


determination in each case. 
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120—122° Fraction. 


The acid mixture from this fraction had a solidification point 
of 134-3°, which was raised by the addition of a little 2 : 5-dichloro. 
benzoic acid, this indicating (from the curve for the 2 : 5- and 2: 3. 
acids, Fig. 2) an approximate value of 70 per cent. of the 2 : 5-acid, 
on the assumption that the smaii percentage of acid present other 
than the 2: 3-acid would have practically the same effect on the 
melting point as the latter acid itself. Repeated recrystallisation 
of this mixture from benzene isolated a pure specimen of the 2: 5. 
acid, weighing a third of the original mixture. 

Fractional Crystallisation of Barium Salts.—Thirty-two grams of 
the original mixture were boiled with 700 c.c. of water and a small 
excess of barium carbonate, and the hot solution was filtered from 
the undissolved barium carbonate. On cooling to 50°, a flocculent 
precipitate was deposited, which was filtered off and washed (1). 
After cooling to room temperature, a further amount separated, 
and was filtered off (2). The remaining solution was fractionally 
evaporated and crystallised. From a weighed portion of each 
fraction of the barium salts, the acids were liberated by solution 
in hot water and addition of excess of hydrochloric acid, and the 
acids well washed and dried, giving results as below (the values 
under “ Acid ” being calculated for the whole fraction) : 


C.c. of Acid 

liquid. (grams). M. p. 
(1) 700 at 50° 1-75 *(170)—197° 3:4-Acid. Approx. 93 per cent. 
(2 700 at 20° 0-4 (154)—189 3:4-Acid. Approx. 83 per cent. 
(3) 460 13:0 (134)—149 | 
(4) 220 6-2 (126)—130-8 | M. p. raised by addition of 
) 
) 


(5) 110 4-8 Le ed | 2 : 5-acid. 
(6) Remainder 3 


(123)—127-3 


* The figures in brackets denote temperatures at which the first signs oi 
melting were apparent. The intermediate figures are the temperatures at 
which the mixture was half melted. 


(1) and (2). Recrystallisation of these fractions from 30 per cent. 
acetic acid isolated a specimen of pure 3: 4-dichlorobenzoic acid 
of m. p. 205°. The approximate percentage values are taken 
from analogy with the curve for the lowering of m. p. of p-chloro- 
benzoic acid, and calculation from these gives a value of 6-4 per cent. 
for the proportion of the 3 : 4-acid present in the original mixture. 
Another experiment gave the value 6:8 per cent. 

(3). Recrystallisation of the barium salt from water finally gave 
the pure salt of the 2 : 5-acid. 

(5) and (6). The barium salts were deposited in opaque, hemi- 
spherical masses, growing outwards from a centre point, on the sides 
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of the beaker. Fractional recrystallisation of the barium salts, 
or the free acids from various solvents, was unsuccessful in giving 
any appreciable further separation, values obtained being as follows: 


Acid, m. p. 
Acids from 30 per cent. acetic acid . . . first fraction *(126)—127—128° 
last » (121) —124— 125 
, from light petroleum first re (125)—126-8—128:3 
last es 122-3—126-8 
,» from benzene first i (126)—127-3—127-8 
last re 124-3—125-8 
Barium salt (4) from 95 per cent. alcohol first ‘s (128-3)—129-8—135-3 
last a 117—119 


* The figures in brackets denote temperatures at which the first signs of 
melting were apparent. The intermediate figures are the temperatures at 
which the mixture was half melted. 


The acid fractions of m. p. 127—128° were later shown to be 
composed of the 2:5- and 2: 3-dichlorobenzoic acids, as a con- 
siderable addition of this fraction to a pure mixture of 66 per cent. 
of 2 : 5- and 34 per cent. of 2 : 3-dichlorobenzoic acid gave a mixture 
with an intermediate m. p. The exact composition of the fraction 
could not be deduced, as the melting points of such mixtures lie 
close together (127—130°) between the limits 51—66 per cent. of 
the 2: 5-acid (see Fig. 2), and there might possibly be present a 
small amount of another isomeride or impurity which would have a 
slight effect on the m. p. 

Tarry Matter—A portion of the original reaction mixture was 
hydrolysed with boiling water in the usual way. The solid product 
was dissolved in sodium carbonate solution, and the insoluble 
mixture of ferric hydroxide and tarry matter filtered off. The latter 
was extracted with hot dilute hydrochloric acid, and the residue 
of tar dried at 100°. It had a weight corresponding with 7-5 per 
cent. of the original benzoyl chloride. 

The residues above 122° weighed 40-2 grams. Deducting the 
equivalent weights of ferric chloride, 4-7 grams, and of tar, 14°5 
grams, leaves a weight of 21 grams of liquid not investigated. This 
might possibly contain some small amount of dichloro-compounds, 
but from a consideration of the weights of the products was most 
likely to consist largely of more highly chlorinated compounds. 


Summary of Analysis. 

The original weight of benzoyl chloride equivalent to the weight 
of reaction mixture (285-5 grams, losing 3-5 grams in a vacuum) 
taken for distillation was 198-3 grams, and similarly the ferric 
chloride added was -4°7 grams. 

The total increase in weight due to the introduction of chlorine 
was thus 79 grams, or 1-62 times the theoretical increase for the 
introduction of one atom of chlorine. 
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The weight of liquid undergoing continued fractional distillation 
was 285°5 — (3-5 + 27-3) grams = 254-7 grams, giving a final total 
weight of distillate of 251-1 grams, 


Proportion of acids per Original weights of chlorides 


cent. after hydrolysis. (grams). 
Monochloro- Dichloro- §Monochloro- Dichloro. 
Wt. benzoic. benzoic. benzoyl. benzoyl, 
Fraction. (grams). m-. 0o-. p-. M-. O-. P-. 
98—102° 50-4 95-0 3-3 1-7 47-8 1-7 0-9 
102—106° 40-9 84-0 16-0 34-4 6-5 
106—120° 40-2 53-7 44-8 1-5 21-6 18-0 0-6 
120—122° 106-7 100 106-7 
Residue 12-9 
251-1 103-8 26-2 0-9 107-3 
Multiplying by 254-7/251-1, to correct for dis- 
SOMDNT TN Sci dcaaecedevakassqesscmasenanseceatee 105-3 26-6 0-9 108-9 
132-8 


Thus the proportions of the original benzoyl chloride used in 
producing the final products were (approximated to the nearest 
0:5 per cent.) 54-0 per cent. (to monochloro-compounds) and 37-0 
per cent. (to dichloro-compounds). 

The m-, o-, and p-monochloro-compounds were formed in the 
proportions 79-3% : 20-0% :0°7% or 100 : 25-2 : 0-9. 

The main dichloro-compound fraction contained 2: 5-, 2:3.-, 
and 3 : 4-dichlorobenzoy] chlorides in the approximate proportions 
10% : 23% : T%. 


Preparation of 2 : 3- and 2 : 5-Dichlorobenzoic Acids. 


Nitration of aceto-o-toluidide for the production of the 3-nitro- 
compound was carried out by Gabriel and Thieme’s method (Ber., 
1919, 52, 1080), which was found to give very much better results 
than that used by Cohen and Dakin (T., 1901, 79, 1127). The 
separation from the 5-nitro-compound was, however, considered 
to be better effected by distillation in steam from an acid solution, 
as the latter authors describe, and the subsequent stages of the 
synthesis were carried out according to their method, with the excep- 
tion of the final oxidation of the 2 : 3-dichlorotoluene to the acid. 
This was effected in the usual manner with permanganate, giving 
a purer acid, free from nitro-compounds. One recrystallisation 
from 30 per cent. acetic acid, and then several from pure benzene 
finally gave pure 2 : 3-dichlorobenzoic acid with a melting or solidific- 
ation point of 168-3° (corr.) (compare Cohen and Dakin, 163°, 
and Wynne and Greeves, 164°, P., 1895, 14, 151). 

2: 5-Dichlorobenzoic acid was prepared partly in an exactly 
similar manner from the 5-nitro-compound simultaneously pro- 
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duced in the above nitration, and isolated from the mother-liquor 
after the 3-nitro-compound had been distilled off in steam, and 
partly as Cohen and Dakin describe (loc. cit., p. 1130), starting from 
the chlorination of aceto-o-toluidide by the method of Chattaway 
and Orton (T., 1900, 77, 790), but carrying out the final oxidation 
with permanganate. Recrystallisation as above gave the pure 
acid melting at 154-4° (corr.), the value given by Bornwater (loc. cit.), 

Solidification-point curves for mixtures of these acids, and for 
mixtures of the 2 : 5-acid with m-chlorobenzoic acid were determined 
as described in the previous communication, using short-range 
Anschiitz thermometers reading to 0-1°, and standardised under 
conditions as nearly as possible those prevailing when the determina- 
tions were actually carried out. The results were as given in 
Tables I and II. 

TABLE I. 
Solidification points of mixtures of m-chlorobenzoic acid 
and 2: 5-dichlorobenzoic acid. 


m-Acid Solidification m-Acid Solidification 
(mol. per points. (mol. per points. 
cent.). Tnitial. Eutectic. cent.). Initial. Eutectic. 
0 154-4° 52-0 122-3° 119-8° 
18-0 144-4 54-9 122-0 119-7 
23-3 141-6 56-0 121-8 119-6 
34:5 134-7 57-9 121:3 119-6 
38-1 131-5 61-8 122-0 
44-9 126°3 574 129-3 119-4 
46-4 124-7 121-8° 74-0 136-0 
48-0 122-8 121°3 82-4 142-5 
49-0 121-8 121-2 100-0 155-0 
51-0 122-3 119-7 
TABLE II. 


Solidification points of mixtures of 2 : 3-dichlorobenzoic acid 
and 2: 5-dichlorobenzoic acid. 


Initial Tnitial Tnitial 

2: 3-Acid solidification 2:3-Acid solidification 2 :3-Acid solidification 
per cent, point. per cent. point. per cent. point. 
0 154-4° 35-5 130-0° 50-0 131-0° 
9-6 148-4 37-2 129-6 51-5 132-8 
20-8 141-0 38-2 129-5 57-5 138-3 
30-1 133-9 40-6 129-3 66-1 145-7 
32-0 132-6 44-0 128-3 69-0 148-4 
33-0 131-2 45-1 127-9 82-7 157-6 
34-0 130-2 45-6 127-3 100-0 168-3 

34-7 130-1 47-1 128-0 


In the case of mixtures of the 2: 3- and 2 : 5-dichloro-acids, the 
rate of crystallisation was extremely slow, so that for an accurate 
determination of the solidification point the temperature of the 
outer bath was not allowed to fall more rapidly than 0-1° in one 
minute, especially with mixtures containing between 20 and 60 
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per cent. of the 2:3-acid. Eutectic temperatures could not be 
determined. 
Summary. 

When benzoy! chloride was chlorinated in presence of anhydrous 
ferric chloride until the increase in weight corresponded to 1-6 times 
the theoretical for the introduction of one atom of chlorine, 54 per 
cent. was converted into monochloro-compounds, and 37 per cent. 
into dichloro-compounds. 

The monochlorobenzoy] chlorides were formed in the proportions : 
meta 79-3, ortho 20, and para 0-7 per cent. 

The dichloro-fraction consisted of 70 per cent. of 2 : 5-dichloro- 
benzoyl chloride, 23 per cent. of 2 : 3-dichlorobenzoyl] chloride, and 
7 per cent. of 3 : 4-dichlorobenzoyl] chloride. 

The fusion point curves for mixtures of 2 : 5-dichlorobenzoic acid 
with m-chlorobenzoic acid and with 2: 3-dichlorobenzoic acid 
respectively were determined, and showed evidence of the formation 
of molecular compounds. 


One of us (G. C. R.) wishes to express his indebtedness for a grant 
from the Department of Scientific and Industrial Research. 
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CCLXXXIII.—The Relative Stability of Open-chain 
Dibasic Acids containing Odd and Even Numbers 
of Carbon Atoms. 


By Witiiam ArtHuR PERcIVAL CHALLENOR and 
JOCELYN FretD THORPE. 


It is a well-known fact that the acids of the oxalic acid series 
show an alternation in properties between the odd and even 
members. Thus the odd members have much lower melting 
points than the even members, and their solubility in water is 
also very much greater, although these differences tend to dis- 
appear higher up the series as shown in the tables below. 


Melting points of the dibasic acids. 


Even members. Odd members. 
BEE dphicisonnnaninneedbienivs 189-5° IED shestcninciminnnbindionvetons 133° 
BED: sncecininsiranemnnndrsios 183 GIN al scnicccsnspiirewevsiensess 97-5 
EES ice G s.ccicsionesnasuveacnsans 153 GEM sobs aeescceccckcapsveriooes 105 
ey RES SERIE UAE Ge Se ee 140 PENEEES Soccnaicesadusleceesosevewene 107 
NN EEE Siss5 Sh ri cicmacistv tice 133 Nonanedicarboxylic ............ 110 
Decanedicarboxylic............ 126 Undecanedicarboxylic ......... 113 
Dodecanedicarboxylic ...... 124 


Hexadecanedicarboxylic ... 118 


in 
rs 
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Solubility of the dibasic acids in water. 


100 C.c. of the aqueous solution at 20° contain :— 


Even members. Grams. Odd members. Grams. 
SEE. Succswnnionndumeeienwncedion 8-6 TNS ndevcsccandnsesccecsaeuee® 73-5 
MED © Sets beiacssoeerecicaces 5-8 CONIIEN 3. 4ck ccauidaysceouasnee ions 63-9 
Og Bee eeres eerere: 1-4 PRED sikiccccdctasasontesestwases 5-0 
RSA PR n eee ec 0-16 PE ncccsccasceseoescimencenme 0-24 
DEE ciniccdskuetetunwereesevees 0-10 


Another property is the ease with which the even members of the 
series are produced by the direct oxidation of suitable substances, 
whereas the yield of the odd members is very small, except under 
carefully regulated conditions, the substance being oxidised to the 
next lower even member. This is borne out by the following 
examples. 

When cyclohexanone is oxidised with nitric acid or potassium 
permanganate, it gives an excellent yield of adipic acid (Wislicenus 
and Mayer, Annalen, 1893, 275, 363 ; Rosenlew, Ber., 1906, 39, 2202), 
but when cyclopentanone is similarly treated it gives only a poor 
yield of glutaric acid, except under carefully regulated conditions 
(Ingold, T., 1921, 119, 305; Wislicenus and Mayer, loc. cit., 320), a 
large amount of succinic acid being produced. 

Another example is the oxidation of dimethyldihydroresorcinol 
(I), which on direct oxidation with potassium permanganate gives 
as-dimethylsuccinic acid (II) (Vorlainder and Gartner, A., 1899, 
i, 259), 88-dimethylglutaric acid (III) ‘only being obtained by 
oxidising dimethyldihydroresorcinol (1) with hypobromite solution, 
which first converts it into a bromo-derivative (IV) (Komppa, A., 
1889, i, 574). 


" - CH, *C __ Potassium Cc! H, -CO.H 
(I. ) Me 2CS. CH. ‘CO CH, eacaaiaiie Me. oC <co: H 2 (II.) 
son) 


KOBr 
(IV.) Me CSO ‘COSCHBr ——> Me, 0<ce CO'H (III) 


A further example is that given by the oxidation of ricinoleic acid 
(V) with nitric acid, which yields azelaic acid (VI) and suberic 
acid (VII) in about equal proportions (Baker and Ingold, this 
vol., p. 128; Dale, Annalen, 1864, 132, 244), although theoretically 
only azelaic acid should be obtained. 
(V-) CH,*[(CH,],-CH(OH)-CH,°CH°CH-[CH,],-CO,H — 
CO,H-[CH,];-CO,H + CO,H-CO,H + CO,H-[CH,],°CO,H (V1) 
actual (VIL) CO,H-[CH,],CO,H + CO,H-[CH,],-CO,H (VI. 


theoretically 
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Applying the recent theories of Lapworth (T., 1922, 121, 416) 
and Kermack and Robinson (ibid., p. 427) on alternate positive 
and negative polarities to the above, it appears that the compounds 
with crossed polarities, that is, the even members, are more stable 
than those in which the positive and negative charges continue to 
the end of the chain of carbon atoms as shown below : 


- aw - rs - + es + ms + 
++ CH, <CHsCH,CH,-CO-OH CH,-CH,-CH,CO-OH 
CH,:CH,-CH,-CO-OH CH,:CH,:CH,-CO-OH 
- + "“—- "+ = + °— “+ “= + 
- + =—- + = - + =- + = 
Azelaic acid. Suberic acid. 


The charges tend to strengthen one another in azelaic acid, 
whereas in suberic acid they tend to neutralise one another, 
which probably means that azelaic acid is much more reactive than 
suberic acid and is thus more readily oxidised, giving an even 
member of the series, in this case suberic acid. 

The above examples, although they manifestly point in the 
direction indicated by these views, suffer from a certain indirect- 
ness in their application. The experimental portion of this paper, 
however, contains a description of a series of examples which 
illustrate in a remarkable way the tendency of an even-carbon 
chain to lose 0, 2, 4, etc., atoms of carbon on oxidation, and of an 
odd-carbon chain to lose 1, 3, 54 etc., carbon atoms, the product 
in all cases belonging to the even series. 

Azelaic acid was dibrominated in the «- and «’-positions, the 
dibromo-acid (VIII) thus obtained was treated with aqueous alkali, 
probably yielding the corresponding dihydroxy-acid (IX), and the 
solution oxidised directly with potassium permanganate solution. 
The solution, on evaporation, acidification, and extraction with 
ether, yielded a solid which proved to be adipic acid and not pimelic 
acid, which might have been expected on theoretical grounds. 

CH,°CH,°CHBr-CO,H Naon CH,°CH,°CH(OH)-CO,H 
CHL<6H}-CHS-CHBr-CO,H ——> CH <6H.¢H.CH(OH).CO'H 
(VIII.) (1X.) 
CH,°CH,°CO::CO,H  % CH,°CH,"CO,H 
CHs< Ci CH.(CO-CO,H irviges CHS cH-CO,H 


O2 


It was then thought that pimelic acid would be obtained if mono- 
bromoazelaic acid were treated in a similar manner. Azelaic acid 
was therefore monobrominated and the monobromo-acid (X) 
treated with aqueous alkali, probably yielding the corresponding 
hydroxy-acid (XI), and the solution treated with potassium per- 
manganate as in the case of the dibromo-compound. This on 
extraction with ether gave suberic acid as the sole oxidation product, 
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CH,-CH,CHBr-CO,H «0x CH,-CH,-CH(OH)-CO,H 
(H,<CH?-CH-CH,CO,H > CHs<cH:.cH;-CH,-CO,H 


(x. ) (XI. ) 


CH,‘CH,CO-'CO,H % gy ~CH;*CH,CO,H 
—> CH<oy ‘CH; CH,-CO,H — > ©#aSoH'.CH,-CH,-CO,H 


Suberic acid. 


again showing the tendency to form the even members of the series. 

Monobromoazelaic acid was then treated with 6N-methyl- 
alcoholic potassium hydroxide in an attempt to obtain the un- 
saturated acid, CO,H-CH:CH-[CH,],;-CO,H, which on oxidation 
might give pimelic acid, together with adipic and oxalic acids; 
but suberic acid was again obtained, and therefore it seems probable 
that a methoxy-derivative was formed instead of the unsaturated 
acid (compare monobromosuberic acid, which with alcoholic 
potassium hydroxide gives a mixture of the ethoxy- and hydroxy- 
compounds [Beilstein, ‘‘ Organische Chemie,” I, 681)). 


EXPERIMENTAL. 


Dibromination of Azelaic Acid: Formation of ««'-Dibromoazelaic 
Acid and Ethyl ««'-Dibromoazelate.—Azelaic acid (200 grams) was 
treated with phosphorus pentachloride (500 grams), and 400 grams 
of dry bromine (125 c.c.) were added in several portions according 
to the rate of absorption. After heating on the steam-bath for 
twenty hours, the mixture was allowed to cool and part poured 
into water and the remainder into absolute alcohol. 

aa’-Dibromoazelaic Acid.—The aqueous portion was heated on 
the steam-bath for a short time and, when cold, the pale yellow, 
heavy oil, on standing in contact with the aqueous layer for several 
days, slowly crystallised. The aqueous layer was separated and 
the semi-solid residue filtered, yielding an oil and a solid, which, 
after crystallising from dilute acetic acid, melted at 125° and after 
recrystallising from water, at 140°. It crystallised from water, in 
which it was readily soluble in the hot, but almost insoluble in the 
cold, in small, glistening flakes (Found: Br = 46-12. C,H,,0,Br, 
requires Br = 46-20 per cent.). This acid has not previously been 
obtained in the solid state, Neuberg (Biochem. Z., 1906, 1, 282) having 
used the impure oily product in his experiments. 

Ethyl aa«’'-Dibromoazelate—The alcoholic portion, after being kept 
for three to four hours, was boiled for a few minutes, cooled, and 
poured into water, and the oil was extracted with ether, washed 
with water, sodium bicarbonate solution (which removed traces 
of acidic products), and finally with water. After drying over calcium 
chloride, the ether was distilled off and the residual oil distilled 
in a vacuum (b. p. 200—220°/12 mm.), yielding a colourless oil. 
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Treatment of Ethyl ««'-Dibromoazelate with Sodium Hydroxide 
and Oxidation of the Product thus obtained.—Ethy] ««’-dibromo. 
azelate (20 grams) was boiled under reflux for ten to fifteen hours 
with 8 grams of sodium hydroxide, dissolved in 50 c.c. of water, 
until it had all dissolved. The cooled solution was filtered from 
a small amount of insoluble matter and treated slowly with a cold 
solution of 21 grams of potassium permanganate in 375 c.c. of 
water, the mixture being kept cold by the addition of ice. When 
all the permanganate had been reduced, the mixture was treated 
with sulphur dioxide and evaporated, acidified with sulphuric acid, 
and extracted with ether. The ethereal solution was dried over 
calcium chloride and evaporated, yielding a semi-solid. This was 
spread on a porous tile and the resulting solid recrystallised from 
water, when it melted at 149°, and was identified as adipic acid. 

Monobromination of Azelaic Acid. Preparation of «-Monobromo- 
azelaic Acid.—1. Azelaic acid (200 grams) was treated with phos. 
phorus pentachloride (500 grams) in a Geissler flask. After the 

_ Vigorous reaction had subsided, the mixture was heated on the 
steam-bath and bromine (192 grams = 60 c.c.) added in quantities 
determined by the rate of absorption. When all the bromine had dis- 
appeared, the product was cooled and poured into 500 c.c. of water 
and heated on the steam-bath for a short time. It was then allowed 
to cool, when it separated as a dark-coloured oil which did not 
solidify. 

2. Azelaic acid (40 grams) was treated with phosphorus penta- 
chloride (100 grams) and bromine (11 c.c.), added as above (1). 
The product was then allowed to cool and poured into 250 c.c. of 
absolute formic acid and heated on the steam-bath until the re- 
action was finished. Most of the formic acid was then evaporated 
off and the residue dissolved in ether and washed with water to 
remove phosphoric acid, etc., the ethereal solution dried over calcium 
chloride, and evaporated. The residual pale yellow oil, on keeping 
in a vacuum desiccator for a few weeks, deposited crystals (7 grams) 
of azelaic acid, which were filtered off. The residual oil did not 
solidify even on keeping for several months. 

Treatment of «-Monobromoazelaic Acid with Sodium Hydroxide 
and Oxidation of the Product thus obtained.—a-Monobromoazelaic 
acid (26 grams), made by method 1, was heated under reflux with 
a solution of sodium hydroxide (14 grams) in 50 c.c. of water for 
six to seven hours. The mixture was allowed to cool, sodium 
bicarbonate added to reduce the alkalinity of the solution, followed 
by ice and a solution of 42 grams of potassium permanganate in 
800 c.c. of water, slowly added, the mixture being kept cold by the 
addition of ice as the reaction proceeded. When all the potassium 
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smanganate had been decolorised, the mixture was treated with 
sulphur dioxide to remove manganese dioxide, and the clear solution 
eaporated on the steam-bath. The residue was acidified with 
hydrochloric acid and extracted with ether, the first two ether 
extracts being kept separately. The ethereal extracts were dried 
over calcium chloride and distilled, leaving a white solid in each case. 

The solid obtained from the first two ether extracts melted at 
480° and on repeated crystallisation from water melted at 106° 
and was proved to be identical with azelaic acid by the method 
of mixed melting point. This azelaic acid was some which had 
presumably escaped bromination. 

The remainder of the ether extracts gave a solid melting at 68— 
76°, which, on repeated crystallisation from water, melted at 138° 
and was proved to be suberic acid by the method of mixed melting 


pint. Yield 25—30 per cent. 


a-Monobromoazelaic acid (25 grams), made by method II above, 
was treated with sodium hydroxide (16 grams) and subsequently with 
potassium permanganate (22 grams in 400 c.c. of water) as described 
above. The ether extracts of the acidified solution were dried over 
calcium chloride and evaporated (yield 10 grams). The oil thus 
obtained, on standing for a short time, deposited crystals which 
on recrystallising from water melted at 138° and were identified 
as suberic acid by the melting point of the mixture. Weight 4 
grams (25 per cent.). 

Treatment of Monobromoazelaic Acid with 6N-Methyl-alcoholic 
Potash and Oxidation of the Product thus obtained—Monobromo- 
azelaic acid (20 grams) was added in a thin stream to 100 c.c. of 
boiling 6N-methyl-alcoholic potash. When the reaction was 
finished, the mixture was diluted with water, evaporated to remove 
alcohol, acidified with hydrochloric acid, and extracted with ether. 
The oil obtained was dissolved in sodium bicarbonate solution and 
treated with a solution of 31-5 grams of potassium permanganate 
in 600 c.c. of water. When all the permanganate had been reduced, 
the solution was filtered, evaporated, and acidified with hydro- 
chloric acid. It was then extracted with ether; on evaporation, 
the extract yielded about 2 grams of a solid which, on recrystallis- 
ation from water, melted at 138° and was identified with suberic 


acid (yield 16 per cent.). 


The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the expenses of this investigation. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

SoutH KENSINGTON. [Received, August 2nd, 1923.] 
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CCLXXXIV.—Hydrolysis of BB’-Dichlorodiethyl Suj. 
phide and Action of Hydrogen Halides on Divinyl 
Sulphide. 


By Stpney HartLey Bates and STANLEY ARTHUR NICKELSoy, 


It has already been shown (T., 1922, 121, 2137) that diviny| 
sulphide is one of the chief products of the hydrolysis of 
68’-dichlorodiethyl sulphide with 20 per cent. alcoholic potassium 
hydroxide. Confirmation has also been recorded (loc. cit.) of the 
observation of Helferich and Emmet Reid (J. Amer. Chem. Soc., 
1920, 42, 1219) that hydrolysis with caustic alkali in 50 per cent. 
alcohol yields only a small quantity of a heavy oil, surmised by 
them to be a polymeride of divinyl sulphide. 

Before investigating the nature of this heavy oil, we carried out 
a series of experiments on the influence of increasing concentration 
of water on the course of the hydrolysis. By distilling 88’-di- 
chlorodiethyl sulphide with 20 per cent. alcoholic potassium hydr. 
oxide without previous heating under reflux, the yield of light oil 
(divinyl sulphide) obtained on pouring the alcoholic distillate into 
water was increased to about 35 per cent. of the weight of {6’-di- 
chlorodiethyl sulphide taken, as against 26 per cent. previously 
reported. This method was therefore adopted in the following 
experiments. 

Hydrolysis with alcoholic potassium hydroxide containing water 
causes the product gradually to increase in density as the propor- 
tion of water increases, until, when the alcohol contains 20 per 
cent. of water, the hydrolysis product has a density greater than 
that of water. The yield is almost constant up to this concen- 
tration of water, but with higher concentrations the yields are 
smaller and the product is denser. 


Hydrolysis of £8’-dichlorodiethyl sulphide with 20 per cent. 
potassium hydroxide in alcohol-water mixtures. (‘‘ Yield” 
denotes the percentage of the product of hydrolysis calcu- 
lated on the weight of dichlorodiethyl sulphide taken.) 


Water %. —‘Yielld. d. Water %. ‘Yield. d. 
5 35 0-931 20 33-5 1-014 
15 33-5 0-941 24 21-0 1-034 
17 33-6 0-960 43 16-0 1-050 


With alcoholic sodium ethoxide, the yield was 36 per cent. 

When the product obtained by the hydrolysis of 100 grams of 
68’-dichlorodiethyl sulphide with 20 per cent. potassium hydroxide 
in 80/20 or 57/43 alcohol-water was heated, distillation com- 
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menced at 86° (b. p. of divinyl sulphide), about half the liquid 
had distilled at 115°, and most of the remainder came over at 
190—155°. Carefully redistilled, 9 ¢.c. of a clear, colourless liquid, 
b. p. 152—154°, d 1-110, were obtained. This liquid, which 
contains chlorine and regenerates (@’-dichlorodiethyl sulphide on 
treatment with phosphorus trichloride, is probably §-chloro- 
y-hydroxydiethyl sulphide (Found: S = 22-70; Cl = 25-11. 
(ale., S = 22-77; Cl = 25-27 per cent.). It is converted into 
divinyl sulphide by boiling alcoholic potassium hydroxide, but on 
prolonged boiling decomposes with the production of acid fumes 
and the pungent objectionable odour associated with the additive 
compound of hydrogen chloride and divinyl sulphide (T., 1922, 
(21, 2138). It has vesicant properties, but its action is milder 
and more delayed than that of 6(’-dichlorodiethyl sulphide. 

Since the above reaction was investigated and the presumed 
4.chloro-@’-hydroxydiethyl sulphide isolated, Peters and Walker 
(Biochem. J., 1923, 17, 274) have drawn the conclusion, from a 
study of the rate of hydrolysis of 68’-dichlorodiethyl sulphide, that 
the reaction occurs in two stages : 


Cl-XCl + HOH —> OH:-XCi + HCl. 
OH:XCl + HOH —> OH:X:OH + HCl. 


The isolation of the intermediate compound substantiates this 
conclusion. 

The residue, after distillation of alcohol and divinyl sulphide 
from the product of the hydrolysis of @8’-dichlorodiethyl sulphide 
with excess of 20 per cent. alcoholic potassium hydroxide and 
rmoval of potassium chloride by filtration, consists of a dark oil 
together with some aqueous liquid. The oil could be distilled 
oly under diminished pressure, and even so no liquid of definite 
boiling point could be obtained; with the aid of a Dufton column 
J. Soc. Chem. Ind., 1919, 38, 457), most of the liquid was distilled 
at 98—112°/13 mm., the yield being about 5 per cent. of the weight 


” Tif dichlorodiethyl sulphide used. The distillate was a colourless, 


ily liquid with a pleasant ethereal odour; di? 0-998. Although 
no definite compound has been isolated from it, there seems little 
doubt that a substance containing an ethoxy-group or groups is 
present, since the action of dry hydrogen bromide gave ethyl 
bromide and a small quantity of a highly vesicant liquid, distilling 
at 134°/17 mm. and freezing at 25° (approx.) (88’-dibromodiethyl 
sulphide ?). It has not been possible to carry the investigation 
to completion, although it is hoped to do so at a later date, and 
meanwhile these observations are mentioned as being of possible 
interest in view of the statement by Helferich and Emmet Reid 
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(loc. cit.) that no ethoxy-derivative is formed by the action of 
sodium ethoxide on $8’-dichlorodiethyl sulphide.* 

Halogenated Ethyl Sulphides.—Divinyl sulphide reacts additively 
with two molecules of hydrogen chloride with the formation of 
a«’-dichlorodiethyl sulphide (T., 1922, 121, 2138). Monohalogen 
derivatives may be formed similarly by the addition of hydrogen 
halide (1 mol.), thus giving rise to the possibility of preparing 
mixed halogenated ethyl! sulphides. 

The following compounds have been thus prepared. All haye 
the objectionable odour attributed to the ««’-dichloro-compound 
already described, and all are clear, colourless liquids which 
decompose on boiling at atmospheric pressure. 

1. «-Chloroethyl vinyl sulphide, CH,:-CH-*S:CHCl-CHs, is prepared 
by addition of hydrogen chloride (1 mol.) to divinyl sulphide. It 
has b. p. 36°/15 mm., dif, 1-081 (Found : S = 25-90 ; Cl = 28-79, 28-9], 
C,H,CIS requires S = 26-15; Cl = 28-93 per cent.). 

2. a-Bromoethyl vinyl sulphide, CH,-CH*S:CHBr°CHs, prepared 
similarly, has b. p. 50-5°/12 mm., and di}? 1-413 (Found: S = 19-44; 
Br = 47-89. C,H,BrS requires S = 19-22; Br = 47-84 per cent.). 
It darkens and decomposes on keeping. 

3. «-Chloro-«'-bromodiethyl sulphide, CHy*CHCl’S:CHBr-CHsg, pre- 
pared by the addition of hydrogen bromide (1 mol.) to (1) or of 
hydrogen chloride (1 mol.) to (2), has b. p. 78°/15 mm., and d® 
1500 (Found: S= 15-91. C,H,CIBrS requires S = 15-75 per 
cent.). It darkens and decomposes on keeping. 

4. a«’-Dibromodiethyl sulphide, CHs°CHBr-S:CHBr-CHg, prepared 
by the addition of hydrogen bromide (2 mols.) to divinyl sulphide, 
has b. p. 87°/15 mm. and d}* 1-742 (Found: S = 12-71; Br = 64-08. 
C,H,Br,S requires S = 12-93; Br = 64-50 per cent.). It decom- 
poses with darkening on keeping. 

When dry hydrogen iodide is passed into divinyl sulphide, ready 
absorption occurs as with the other hydrogen halides, but with 
considerable darkening. When an attempt was made to distil the 
product of addition of 2 mols. of hydrogen iodide under reduced 
pressure (15 mm.), rapid decomposition took place, finally with 
explosive violence. 

On standing in stoppered vessels, all the above «-halogenated 
ethyl sulphides deposit small quantities of fine, white, silky, needle- 
like crystals round the stopper. Crystals similar in appearance 
and odour were obtained when «aa’-dichlorodiethyl sulphide was 


* Since the above was written, Cashmore (this vol., p. 1740) has shown 
that both the sulphoxide and sulphone of 68’-dichlorodiethyl sulphide yield 
diethoxy-compounds on treatment with sodium hydroxide in 95 per cent. 
ethyl-alcoholic solution. 
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treated with alcoholic alkali, with sodium phenoxide in alcoholic 
solution, or with ethylene chlorohydrin. In the last case, the 
erystals were identified as $-trithioacetaldehyde, m. p. 125° (com- 
pare Mann and Pope, this vol., p. 1181) (Found: S = 53-12. 
(ale., S = 53-35 per cent.). 

It has been found necessary to interrupt this investigation, but 
it is hoped to return later to the consideration of other points of 
interest which have arisen during the work, including the action 
of halogens on diviny] sulphide. 


The authors wish to express their thanks to the Director of 
Artillery for permission to publish these notes, and to the Director 
of Chemical Inspection, Mr. G. H. Perry, O.B.E., for his continued 
interest and encouragement. 


DIRECTORATE OF CHEMICAL INSPECTION, 
Royat ARSENAL, WOOLWICH. (Received, July 7th, 1923.] 


CCLXXXV.—As- Methyldihydroarsindole. 
By Eustace EBENEZER TURNER and FRANK WARD Bury. 


SomE time ago (Burrows and Turner, T., 1921, 119, 426), the arsenic 
analogue of N-methyltetrahydroquinoline was described. The 
present communication records the synthesis of As-methyldihydro- 
arsindole, ogn,<Ghs > cH, the arsenic analogue of N-methyl- 
dihydroindole. 

The synthesis of this substance from @-phenylethyl alcohol has 
presented considerable difficulty, and although the preliminary 
work is now complete, it has not been possible to examine the new 
arsine in any great quantity. Such examination will be described 
ina subsequent communication. 


ExPERIMENTAL. 


8-Bromoethylbenzene.-—The (-phenylethyl alcohol used in this 
work was either the pure commercial material, or the product 
(b. p. 104°/21 mm.) obtained by the small-scale reduction of ethyl 
phenylacetate by means of sodium and alcohol. This reduction 
is less easily effected on the laboratory scale than that of ethyl 
8-phenylpropionate. The bromo-derivative was prepared by means 
of phosphorus tribromide * (compare Burrows and Turner, loc. cit.) 


* Phosphorus tribromide is readily obtained in good yield if bromine is 
added to a suspension of red phosphorus in carbon tetrachloride at 0°. 
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and was obtained in good yield (b. p. 96°/13 mm. or 98°/14 mm) 
(compare Rupe, Annalen, 1913, 395, 87). The bromo-compound 
cannot be dried over calcium chloride; anhydrous sodium sulphate 
is to be recommended. 

a§-Diphenylbutane—The bromo-compound (28 grams) com. 
bined readily with magnesium (4:1 grams) in cthereal solution 
(60 c.c.), and the resulting product reacted vigorously with an. 
hydrous cupric chloride (compare T., 1919, 115, 559) to give a 
good yield of «é-diphenylbutane, having the melting point (52°) 
recorded in the literature. No unsaturated hydrocarbons were 
formed. 

8-Phenylethyldimethylarsine.—-Bromoethylbenzene (153 grams) 
and magnesium (25 grams, that is, a slight excess) were allowed 
to interact in presence of 350 c.c. of ether, the clear solution 
obtained was decanted and slowly treated, in an atmosphere of 
hydrogen, with 150 grams of dimethyliodoarsine. Vigorous inter. 
action occurred, with the formation of two layers. After addition 
of ice and dilute hydrochloric acid, the ethereal layer was separated, 
the aqueous layer extracted with ether, and the combined extracts, 
after being dried over anhydrous sodium sulphate, freed from 
ether by distillation. The residual oily liquid was then distilled 
under diminished pressure in an atmosphere of hydrogen, when 
132 grams (97 per cent. of that quantity theoretically obtainable 
from the dimethyliodoarsine used) of §-phenylethyldimethylarsine, 
b. p. 115°/15 mm. or 116°/16 mm., were obtained as a colourless 
liquid with a high refractive index and a more unpleasant odour 
than that of most arsines. 

The arsine readily oxidises in the air, more particularly if it is 
heated. It forms a compound with dimethyliodoarsine, and for 
this reason an excess of Grignard reagent over dimethyliodoarsine 
was used. The compound was not examined, but is presumably 
analogous to that formed by y-phenylpropyldimethylarsine. 

The methiodide of {$-phenylethyldimethylarsine was formed 
readily and crystallised from alcohol in slender, colourless prisms 
melting at 200° (Found: I = 36-0. C©,,H,,IAs requires I = 36:1 
per cent.). The ethiodide, formed less readily, separated from 
alcohol in large, colourless prisms melting at 139° (Found: I = 
34:8. C,H [As requires I = 34-7 per cent.). These arsonium 
iodides combine with mercuric iodide in alcoholic solution to give 
pale yellow mercuri-iodides. 

Conversion of (-Phenylethyldimethylarsine into §-Phenylethyl- 
methylchloro- and  -bromo-arsines. — 8-Phenylethyldimethylarsine 
readily combined with bromine in carbon tetrachloride solution 
to give the dibromide, which separated in colourless prisms. The 
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jibromide decomposed, on heating at 180°, to give a mixture of 
jimethylbromoarsine, (-bromoethylbenzene, and -phenylethyl- 
nehylbromoarsine. The last substance was not obtained pure 
ad was found to be less suitable for the purpose of this work 
than the corresponding chloro-arsine, which was prepared in the 
following manner : 

A solution of 100 grams of $-phenylethyldimethylarsine in its 
own volume of carbon tetrachloride was treated with dry chlorine 
util the yellow colour of the latter persisted—the stage corre- 
sponding to the formation of the dichloride (which, however, did 
not separate). The solvent was removed by distillation, and the 
residue heated in a metal-bath kept at 180° until no further evolution 
of methyl chloride occurred. The oil thus obtained, on distilling 
under diminished pressure, gave 39 grams of a mixture of dimethyl- 
chloroarsine and 8-chloroethylbenzene and 48 grams of $-phenyl- 
dhylmethylchloroarsine. The latter is a colourless liquid, b. p. 
147°/16 mm. or 152°/21 mm., has a high refractive index, and is 
practically odourless, although its vapours possess sternutatory 
properties (Found: Cl = 14-7. C,H,,ClAs requires Cl = 15-4 per 
cent.). 

The chloroarsine reacted readily with magnesium methyl iodide 
in ethereal solution to give 8-phenylethyldimethylarsine, which was 
identified by conversion into the methiodide. 

As-Methyldihydroarsindole.—A mixture of 10 grams of the pre- 
ceding chloroarsine, 5 grams of anhydrous aluminium chloride, 
and 20 c.c. of carbon disulphide was gently warmed. Two layers 
formed almost immediately and hydrogen chloride was evolved. 
After the solvent had been gently boiling for two hours, the mixture 
was poured on to ice, dilute hydrochloric acid added, and the whole 
extracted with carbon tetrachloride. The dried extracts were 
evaporated and the residue was distilled under diminished pressure, 
when the major portion distilled at 115—125°/20—25 mm, On 
redistillation, As-methyldihydroarsindole was obtained as a colour- 
less liquid boiling at 112—113°/15 mm., and possessing an odour 
similar to that of the arsinoline. 

On one occasion, the experimental conditions being apparently 
the same, the chloroarsine was recovered practically unchanged, 
although hydrogen chloride was evolved freely. It is probable 
that the change 


CH ‘CH owen nt | o-. N 
\H cys > HCl+0C,H 2 >CH 
Os Sy AsMeCl <= sthtie. A eMe7 2 


is reversible in presence of aluminium chloride. This point will 
be examined when larger quantities of material are available. 
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The arsindole readily forms a methiodide, which crystallises from 
alcohol in colourless prisms melting at 250° (Found: I = 37% 
C,9H,,IAs requires I = 37°8 per cent.). The methiodide combines 
readily with mercuric iodide, in alcoholic solution, to give the 
mercuri-iodide, C,)>H,,As,Hgl5, canary-yellow needles melting at 
160—161° (with preliminary softening) (Found: Hg = 25+. 
CioH,,1,AsHg requires Hg = 25-4 per cent.). The ethiodide is 
formed less readily than the methiodide and crystallises from 
alcohol in colourless prisms, m. p. 162—163° (Found: I = 364, 
C,,H,,1As requires I = 36-3 per cent.). 

Both these arsonium iodides appear to undergo intramolecular 
(reversible) change on heating in alcoholic solution. The hot 
solution is brown, the colour disappearing on cooling : 


stit 

Chars — CH,°CH,I 
CoH AsMeRIPCHs <= Cosa anter * = 
The benzobromide is produced rapidly from its constituents at “8 
water-bath temperatures and crystallises from alcohol in slender,§ “ 
colourless needles melting at 180° (Found : Br = 21:9. C,,H,,BrAs§ ™ 
requires Br = 21-9 per cent.). Owing to the deliquescent nature§ ™® 
of the bromide, crystallisation was performed in a dry atmosphere. bo 
The investigation of this substance, containing an asymmetric cla 
arsenic atom, and also of the compounds of the oxide of the§ ™ 
arsindole with optically active acids, is under contemplation. ” 
T ri-B-phenylethylmethylarsonium Iodide,* (CH,Ph-CH,),;MeAsI.—§ ™ 
This substance was obtained by allowing the Grignard reagent ™“ 
prepared from {-bromoethylbenzene to react with arsenic iodide.j © 
The product was a mixture of «8-diphenylbutane and tri-f-phenyl-| at 
ethylarsine, which could not be separated. Methyl iodide was vi 
therefore added and the product crystallised from alcohol, when a © 
good separation of the hydrocarbon from the arsonium iodide was} th 
effected. The iodide forms colourless leaflets, melting at 1129" 
(Found: I = 24-4. C,;Hg IAs requires I = 23-9 per cent.). Ys 
Part of the expenses entailed were met by a grant from the jj 
Research Fund Committee of the Chemical Society, to whom the @ ¥ 
authors express their thanks. he 
East LonpDON COLLEGE, : 
UNIVERSITY oF LONDON. [Received, July 23rd, 1923.] it 

* This preparation was carried out by Miss W. O. Candy 
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CCLXXXVI.—Selective Solvent Action by the Con- 
stituents of Aqueous Alcohol. PartII. The Effect 
of some Alcohol-soluble Semi-solutes. 


By Rosert WRIGHT. 


In a former paper (T., 1922, 121, 2251), the effects of the three 
solutes benzyl alcohol, glycerol, and sucrose on the partial vapour 
pressures of the constituents of aqueous alcohol were described. 
It was shown that when a 38 per cent. solution of alcohol in water 
was used, the effect of both sucrose and glycerol was to lower the 
partial vapour pressure of the water and raise that of the alcohol, 
whilst benzyl alcohol lowered the vapour pressures of both con- 
stituents of the solvent. 

The term “semi-solute”’ was used to designate a substance 
sluble in only one constituent of the mixed solvent, whilst 
“amphi-solute ” implied a substance soluble in each of the separate 
constituents. Of the three solutes used, benzyl alcohol is soluble 
in alcohol and insoluble in water, sucrose is soluble in water and 
insoluble in alcohol, whilst glycerol is completely miscible with 
both alcohol and water. Thus each solute belongs to a separate 
class, and as their effects on the partial vapour pressures of the 
mixed solvent did not admit of any simple explanation, the in- 
vestigation was extended to a larger number of solutes. What 
may be called the normal effect of a solute on the mixed solvent 
would be that it should lower the vapour pressure of the solvent 
constituent in which it is soluble, and either have no effect on, or 
at most slightly raise, the vapour pressure of the constituent in 
which it is insoluble. This elevation of the vapour pressure of the 
solvent constituent in which the semi-solute is insoluble is due to 
the union between the semi-solute and the constituent in which 
it is soluble, thus leaving the solvent richer in the non-dissolving 


# constituent, which has in consequence an increased vapour pressure. 


n the} 
n the 


23.] 


Of the three solutes dealt with in the last paper, sucrose alone 
gave the normal result, as it lowered the vapour pressure of the 
water and raised that of the alcohol; glycerol lowered only the 
aqueous vapour pressure and raised that of the alcohol, although 
it is soluble in both constituents, whilst benzyl alcohol was also 
abnormal in that it lowered both partial vapour pressures, although 
it is only soluble in the alcohol constituent. 

In the present paper two points are examined: (a) the partial 
pressures of a series of aqueous alcohol solutions of varying com- 
position and all containing 5 gram-molecules of glycerol per kilo- 
gram of mixed solvent were measured, and compared with the 
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partial pressures of the same series of solvents when no glycerol 
was present, (b) the effects produced by a considerable number 
of alcohol-soluble semi-solutes were examined, the aqueous alcohol 
used as solvent being an equimolecular mixture of the two con. 
stituents. In all cases the vapour pressures were determined at 
20°. 

The partial vapour pressures obtained for a series of aqueous 
alcohol mixtures when no solute was present are given in Table I, 
and those for solutions of 5M-glycerol in a similar series of solvents 
are in Table II. Graphs drawn from the results are also shown. 
It will be seen that whilst glycerol lowers the vapour pressure of 


TABLE [. 
Partial vapour pressures of a series of aqueous alcohol mixtures 
at 20°. 
V.p. of V.p. of V.p. of V.p. of 
Molecular water alcohol Molecular water alcohol 
% alcohol. in mm. in mm, % alcohol. in mm, in mm, 
98 44-5 36-0 13-9 25:8 
" 44-5 és 14-3 25-2 
94 2-2 42-7 23-0 14-9 21-6 
7 2-5 42-6 bi 14-5 22-0 
82-4 6-2 38-0 11-0 15-1 14-7 
a 6-5 38-2 * 15-4 14:3 
68-5 9-2 33-1 3°8 17-0 6-2 
a 9-1 33-7 * 17-0 5-9 
49-7 12-9 28-7 
” 12-7 28-2 
TaB_eE II. 


Partial vapour pressures of a series of aqueous alcohol mixtures 
containing 5 gram-mols. of glycerol per kilo. of mixed solvent 
at 20°. 


V.p. of V.p. of V.p. of V.p. of 
Molecular water alcohol Molecular water alcohol 
% alcohol. in mm. in mm, % alcohol. in mm. in mm. 
98-0 38-2 27-7 12-7 23-3 
- 38-4 “ 12-5 22-7 
90-4 3-0 36-2 16-3 13-7 18-0 
ve 4-0 35-6 ” 13-3 18-3 
70-0 7-0 31-7 0 15-4 
i 74 31-4 i 16-3 
42-5 11-6 26:8 
10-3 26-7 


the water throughout the whole series of the solutions, it is only 
in the solutions rich in alcohol that the alcohol vapour pressure 
is lowered, the effect of the added glycerol in the case of the more 
dilute alcoholic solutions being to raise slightly the partial pressure 
of the alcohol. Thus the two partial pressure curves for the alcohol, 
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when no glycerol is present, and when glycerol has been added, 
intersect each other, although the exact point of intersection is 
somewhat doubtful. It would seem that although glycerol is 
completely miscible with both alcohol and water, yet it has a 
greater attraction for the latter solvent, since its action in the 
case Of dilute alcoholic solutions can be explained only on the 
assumption that the glycerol molecules become hydrated and, as 
it were, render the solution richer in alcohol, and therefore with 
an increased alcohol vapour pressure. The reverse effect with 
strong alcoholic solutions was not observed, that is, such solutions 
did not show a higher water partial pressure in the presence of 
glycerol than in its absence. 
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Vapour pressure of aqueous alcohol at 20°. 


Curve A = Vapour pressure of alcohol. 
A’ = Vapour pressure of alcohol with 5M-glycerol. 
W = Vapour pressure of water. 
W’ = Vapour pressure of water with 5M-glycerol. 


The series of alcohol-soluble semi-solutes were all examined in 
molecular concentration (1 gram-mol. per kilo.), an equimolecular 
mixture of alcohol and water being used as solvent. The results 
are given in Table III, where it will be seen that in all cases, 
including that of benzyl alcohol, the partial pressure of alcohol 
is lowered and that of water slightly raised. The results are thus 
quite normal, as the solute lowers the vapour pressure of the con- 
stituent in which it is soluble and raises that of the other con- 
stituent which has no dissolving action on the solute. 

Since, as shown by the former investigation, benzyl alcohol, 
when dissolved in 38 per cent. aqueous alcohol, lowered the partial 
pressures of both alcohol and water, whilst in the present case, 
with an equimolecular (71-9 per cent.) alcohol-water mixture, 


the vapour pressure of the alcohol alone was lowered and that of 
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TABLE III. 


Partial vapour pressures of equimolecular mixtures of alcohol and 
water (710% of alcohol), containing 1 gram-molecule of 
alcohol-soluble semi-solute per kilo. of solvent, at 20°. 


V.p. of V.p. of V.p. of YV.p. of 
Solute. water. alcohol. Solute. water. alcohol, 
None 13-6 27-9 Phenylacetic acid 13-8 26-2 
"i 13-7 27-9 be " 13-9 258 
Acetanilide 13-9 25-3 Salicylic acid 14-2 26-3 
is 140 25:3 Pe ssa 146 258 
Benzoic acid 13-8 25-8 Benzyl alcohol 14-0 25-6 
9 o 14-0 25-5 es es 13-9 26-0 
p-Toluidine 14-5 24-9 Phenylethyl alcohol 14-1 25:7 
ms 14-0 25-1 - - 13-8 26-0 
Amy] benzoate 14-5 26-8 
is a 14-4 26-3 


the water slightly raised, it was thought advisable to carry out 
a further series of determinations with this solute. 

The equimolecular water-alcohol mixture being employed as 
solvent, measurements were carried out with VM-, 3M-, 6M-, and 
10M-solutions of benzylalcohol. The results are given in Table IV. 


TABLE IV. 


Partial vapour pressures of equimolecular mixtures of alcohol and 
water, containing different concentrations of benzyl alcohol, 
at 20°. 


V.p. of V.p. of V.p. of V.p. of 
Solute. water. alcohol. Solute. water. alcohol. 
None 13-6 27-9 6M-Benzyl alcohol 14-0 19-7 
" 13-7 27-9 i pe 14-3 19-6 
M-Benzyl alcohol 14-0 25:6 10M-Benzyl alcohol 14-0 17-6 
a a 13-9 26-0 i. fe 14-2 18-0 
3M-Benzyl alcohol 14-4 22-1 
ss es 14-3 22-3 


It will be seen that the vapour pressure of the alcohol is continuously 
lowered as the concentration of benzyl alcohol increases, whilst 
the water vapour pressure is raised to practically the same small 
extent for all concentrations of the solute. It may be pointed out 
that the partial pressure of the water could not be continuously 
raised by the successive additions of benzyl alcohol, as in such an 
event it would soon exceed the vapour pressure of pure water. 
The effect of benzyl aleohel on a more dilute alcoholic solution 
was also investigated. The composition of the solvent used was 
1 mol. of alcohol to 4 mols. of water, that is, about 39 per cent. 
alcohol. The results are given in Table V, where it will be seen 
that as usual the effect on the alcohol vapour pressure is a lowering 
which increases with increasing concentration of solute, whilst 
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the vapour pressure of water is affected in an unusual manner, 
being at first lowered and then, as the concentration of solute 
increases, raised. This effect is somewhat difficult of simple 
explanation; it may be that, with solutions rich in water, the 


TABLE V. 


Partial vapour pressures of 20 molecular % alcohol-water mixtures, 
containing different concentrations of benzyl alcohol, at 20°. 


V.p. of V.p. of V.p. of V.p. of 
Solute. water. alcohol. Solute. water. alcohol. 
None 16-8 20:0 2M-Benzyl alcohol 16-3 15-0 
nm 17-0 19-9 os 16-3 15-0 
M/2-Benzylalcohol 15-8 18:1 3M-Benzyl alcohol 17-0 13-8 
os ue 16-1 18-1 ie se 16-7 13-8 
M -Benzyl] alcohol 15-2 16-9 
15-5 17-1 


” %? 


benzyl alcohol exhibits an induced solubility in that solvent, and 
consequently lowers the aqueous vapour pressure; the reverse 
effect with the higher concentrations of solute may, as before, 
be explained by the union between benzyl alcohol and ethyl alcohol, 
but the phenomenon is evidently a complex one, and is probably 
connected with the very considerable solubility of benzyl alcohol 
in dilute aqueous ethyl alcohol. It was not found possible to 
work with more dilute alcoholic solutions, owing to the decreasing 
solubility of the benzyl aleohol; unfortunately, also, solutes of the 
nature of benzyl alcohol, insoluble in water but of considerable 
solubility in dilute, aqueous alcohol, are rare, so that the work 
could not be extended to a larger series of substances; further 
information, however, may be obtainable from an investigation 
of a series of water-soluble semi-solutes. 


EXPERIMENTAL. 


The purification of the substances used does not require descrip- 
tion. The solutes chosen were all very slightly soluble in pure 
water, fairly soluble in aqueous alcohol, and of very small vapour 
pressure. The vapour pressures of the solutes were tested by 
aspirating 2 litres of air first over the pure substance at 20° and 
then through a combustion furnace; the amount of carbon dioxide 
obtained in no case exceeded 0-001 gram, an amount which would 
be considerably lessened when the solute was dissolved, and in 
any case could only affect the result to a fraction of 1 per cent. 

The compositions of the various aqueous alcohol solutions used as 
solvents were found by density measurements. The vapour 
pressures were determined by the air current method described 
in the previous paper, but as some slight changes were made, 
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a brief résumé of the method will be given. The solution under 
investigation was contained partly in a tinned copper vessel, fitted 
with a sensitive thermometer, and partly in a set of glass bulbs, 
both of which were placed in a thermostat which was kept at 
20° + 0-1°. By means of an aspirator fitted with a manometer, 
purified air was drawn through a copper heating coil placed in 
the thermostat, and then through the solution. The saturated 
air was then passed through a small combustion furnace and the 
products of combustion were absorbed in the usual manner. In 
carrying out a combustion, the furnace was heated and the solution 
allowed to come to the temperature of the thermostat, the tap of 
the aspirator was then opened and the air pressure inside the 
apparatus reduced until the first bubble of air passed through 
the solution. The tap was then closed, and a 2-litre graduated 
flask placed so as to collect the water from the aspirator, which 
was again started, the rate of flow being about 2 litres in three 
hours. After 2 litres had been aspirated, the flow of water 
was stopped, the solution bulbs were disconnected, and air was 
drawn through the furnace to sweep out any products of com- 
bustion. From the weights of carbon dioxide and water absorbed, 
the weights of alcohol vapour and water vapour present in the 
aspirated air can be calculated. These weights, divided by the 
molecular weights of alcohol and water and then multiplied by 
22,425, give the volumes of the vapours at N.7.P. The volume 
of air aspirated is also reduced to N.7'.P. and to it is added the 
volume of oxygen used in the combustion of the alcohol vapour. 
We then have 


__ Y.p. of ethyl alcohol 8 Vol. of ethyl alcohol vapour 
Total pressure in the apparatus Vol. of air + EtOH and H,O vapour’ 


a similar calculation will give the vapour pressure of the water. 

It is doubtful if great accuracy can be claimed for the deter- 
mination, but the relative vapour pressures are probably correct 
to within 5 per cent. 

Conclusions.—The general effect of the addition of an alcohol- 
soluble semi-solute to an equimolecular water—alcohol mixture is 
to lower the vapour pressure of the alcohol and to raise slightly 
the vapour pressure of the water. 

Increasing concentration of solute further lowers the alcohol 
vapour pressure, but does not raise the water vapour pressure 
beyond a very small limit. 

Benzyl alcohol, which is very soluble in dilute alcohol although 
insoluble in pure water, when dissolved in fairly dilute aqueous 
alcohol (1 mol. of alcohol to 4 mols. of water), first lowers the water 
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yapour pressure and afterwards, at greater concentrations of solute, 
increases it. Thus in some cases benzyl alcohol behaves as though 
it were dissolved in the aqueous as well as in the alcoholic constituent 
of the mixed solvent. 


I desire to thank Prof. A. W. Stewart for the interest he has 
shown in these investigations. 
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CCLXXXVII.—Nitrosation of Phenols. Part I. 
3-Chloro-4-nitrosophenol and its Conversion into 
Two Isomeric Chloroquinonemonoximes. 


By Herspert Henry Hopeson and Francis Harry Moore. 


p-NITROSOPHENOL and its tautomeride, p-benzoquinonemonoxime, 
have hitherto never been definitely isolated as such, and in con- 
sequence have been regarded as existing either in dynamic equilib- 
rium or entirely in the quinonoid form. The simple homologues 
and halogenated derivatives are regarded in like manner. 

The authors claim to have obtained the individual tautomerides 
of 3-chloro-4-nitrosophenol, to have worked out the experimental 
conditions for the preparation of the real nitroso-compound, 
OH:C,H,Cl-NO, and to have accomplished its conversion by means 
of acids or alkalis of definite concentration into the quinoneoxime, 
0:C,H,CI-NOH, which exhibits geometrical isomerism. The 
geometric isomerides are interconvertible, but such reversibility 
does not seem to apply to the nitroso- and quinonoid modifications. 

The two general methods of preparing nitrosophenols, namely, 
the direct action of nitrous acid on phenols and the alkaline decom- 
position of the p-nitroso-derivatives of aromatic tertiary amines, 
will be shown to involve conditions which favour the stability of 
the quinonoid structure. 

The direct action of nitrous acid on a phenol would appear to 
involve the minimum of complication, and the regulating influence 
of steric hindrance suggested to the authors a means of controlling 
any transformation likely to occur from the initial form. of the 
product into its tautomeride. For such a purpose 3-chlorophenol 
appeared eminently suitable; moreover, its nitrosation was of 
interest in view of the very exhaustive investigations of Bridge and of 
Kehrmann on the quinoneoxime derivatives from 2-chlorophenol. 

The first method employed for the nitrosation of 3-chlorophenol 
was an adaptation of that described by Bridge (Annalen, 1893, 
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277, 85) for the preparation of p-nitrosophenol. The low melting 
point of the product indicated an equilibrium mixture of tauto. 
merides. Owing to steric hindrance, the rate of nitrosation was 
slow, so that during the reaction there were present together for 
an appreciable interval of time, 3-chlorophenol, 3-chloro-4-nitrogo. 
phenol, mineral acid, and nitrous acid. A discovery then con. 
siderably facilitated the quest for a more economical method. 
In the attempt to purify the final product by recrystallisation 
from hot dilute mineral acid, its melting point was raised by about 
40°, owing to its conversion into a tautomeric form. Mineral 
acids, therefore, were detrimental to the preservation of the product 
in its initial form ; steric hindrance, on the other hand, favoured its 
permanence. Baeyer and Caro (Ber., 1874, 7, 807, 963) have shown 
that mineral acids promote the formation of condensation products of 
p-nitrosophenol and free phenol, and hot glacial acetic acid converts 
p-nitrosophenol into a complex capable of functioning as a substan- 
tive brown dyestuff (the Clayton Aniline Co., D.R.-P. 106036). 

The exclusion of such acids so far as practicable from the nitros- 
ating mixture should therefore favour the production only of the 
initial form of the reaction product. This deduction proved to 
be sound, for by the means described in the experimental section 
there was obtained in 60 per cent. yield from 3-chlorophenol a 
substance which the authors claim to be the first true nitroso- 
phenol to be isolated. 

The steric hindrance which favours the maintenance of the 
initial nitroso-structure also permits a regulated conversion into 
the quinoneoxime modification. This result, accomplished with 
the aid of hot acid or cold alkali, is in striking contrast to the 
extreme instability of unsubstituted nitrosophenols towards hot 
acids. ‘Two stereoisomeric monoximes have been prepared which 
display the characteristic properties of geometric isomerides. The 
red modification of the quinoneoxime, produced by the action of 
hot dilute hydrochloric acid, is readily converted into an almost 
colourless form by alkalis, and vice versa. For the red oxime, 
the syn-configuration has been tentatively adopted as best account- 
ing for its colour through the greater exertion of partial valencies 
or electronic interplay, whilst the anti-configuration has been 
assigned to the almost colourless, alkali-stable isomeride : 


: , 
ff fi ‘ 
Ms Cl \ von 
N-OH HON 


Syn (acid-stable). Anti (alkali-stable). 
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This view is in consonance with the fact that hydrochloric acid is 
an effective agent for transforming anti-aldoximes into the hydro- 
chlorides of the corresponding syn-compounds (Luxmoore, T., 
1896, 69, 181). Hantzsch (‘‘ Grundriss der Stereochemie,” 2nd edn., 
p. 130) classifies the oximes as acid- and alkali-stable, respectively, 
and notes the instability of the anti-compounds in presence of 
acids, especially hydrochloric acid. Our anti-compound is liberated 
in stable condition from its alkaline solutions by hydrochloric acid, 
a stability which is to be ascribed to the presence of the nuclear 
chlorine atom. 

The occurrence of well-defined, isomeric nitrosophenols and 
quinoneoximes, and the knowledge of the conditions necessary 
for their isolation, render possible the interpretation of many of 
the difficulties encountered by previous workers on nitrosophenols. 
When nitroso-@-naphthol is treated with aniline in alcoholic 
solution, a yellow, crystalline compound, C,,H,,ON,, is obtained, 
whereas in hot glacial acetic acid a more complex, dark red product, 
OpH,gON2, results. It may be assumed that, in presence of basic 
aniline, nitroso-@-naphthol, reacting in the quinonoid form, con- 
denses normally to give the compound NPh‘C,)H,-NOH, whilst, 
in the second reaction (we have found acetic acid to bring about 
conversion very slowly), the nitroso-form prevailing, an azo-com- 
pound such as OPh’C,,H,:N:NPh is furnished by double condensa- 
tion. 

Bridge has shown (Amer. Chem. J., 1892, 14, 276) that «-benzyl- 
hydroxylamine converts p-benzoquinone quantitatively into the 
quinoneoxime ether, O°:C,H,:N-O-CH,Ph, a substance identical 
with the compound he obtained from sodium or silver nitroso- 
phenoxide and benzyl chloride. Bridge’s conclusion, which is 
perfectly sound, is a natural consequence of the conditions employed 
inasmuch as the sodium and silver salts, having originated in 
an alkaline environment, would possess quinonoid formule at 
the outset. A more interesting result from our point of view 
was Bridge’s preparation from silver nitrosophenoxide and acetyl 
chloride of p-benzoquinoneoxime acetate identical with the product 
from nitrosophenol and acetic anhydride. We have found that 
acetic anhydride converts 3-chloro-4-nitrosophenol into the corre- 
sponding oxime, and therefore Bridge’s two products were identical 
owing to the conditions of reaction. It may be mentioned here 
that we have obtained p-nitrosophenol of much higher melting 
point than that officially recorded, which is evidence that the 
product as usually prepared is a mixture of tautomerides. 

A long discussion between Bridge (Annalen, 1893, 277, 79) and 


Kehrmann (numerous papers) settled the question of the existence 
4 p* 
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of stereoisomeric alkyl and acyl derivatives of 2-chlorobenzo. 
quinone-4-oxime. Kehrmann found that ortho-substitution in the 
quinones retards or inhibits the formation of oximes, but his con. 
clusion that the retardation or inhibition is due less to the nature 
of the substituent than to its presence in the ortho-position to 
the quinone oxygen needs modification, for we have found that a 
halogen atom exerts a far greater influence than a methyl group, 
and have obtained indications of a specific effect for each halogen. 

When hydroxylamine salts are used for oxime formation, the 
effect of the acid, generally hydrochloric acid, cannot be ignored, 
and failure of attempts to prepare dioximes by prolonged boiling 
with excess of the reagent is attributable to the acid producing 
a feebly reactive geometric isomeride. 

The dark red and the yellow modification of nitroso-orcinol 
prepared by Henrich (Ber., 1896, 29, 989; 1899, 32, 3419) from 
the corresponding sodium derivatives by hot and cold acid, 
respectively, now appear to furnish an example of geometrical 
isomerism analogous to that of 3-chlorobenzoquinone-4-oxime. 
Similar cases are found in the monoethyl] ether (Kietaibl, Monatsh., 
1898, 19, 536) and the methyl ether (Henrich and Rhodius, Ber., 
1902, 35, 1475; J. pr. Chem., 1904, [ii], 70, 313, 332; 1905, [ii], 
71, 56) of nitrosoresorcinol. The latter authors describe what they 
believe to be the two modifications, OH-*C;H,(OMe)-NO and 
O:C,H;(OMe):NOH. In view of their identical melting point and 
ready interconvertibility, we believe them to be stereoisomeric 
oximes; in which case the nitroso-form should exist as a third 
modification, a possibility contained in Henrich’s data, in which 
he describes a soluble, brown compound of m. p. 138°. This work 
is at present under our consideration. 

The isolation of pure, well-defined nitroso- and quinoneoxime 
isomerides affords an example of inhibited dynamic isomerism. 
By the ordinary methods of forming nitroso-compounds, 3-chloro- 
phenol affords mixtures of the tautomeric isomerides, the state of 
equilibrium being determined by the character of the acidic 
medium. The change from nitroso- to oxime form is, however, 
very slow at the ordinary temperature in an acid environment 
owing to steric hindrance, but in its absence, as in ordinary phenol, 
it appears probable that the oxime form will predominate. Our 
examples afford direct evidence against Laar’s speculative theory 
of tautomerism, according to which the phenomenon is regarded as 
being intramolecular. 


EXPERIMENTAL. 


3-Chloro-4-nitrosophenol.—After many trials with the object of 
improving the yield and obviating the formation of resinous 
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by-products, Bridge’s method (loc. cit.) was modified as follows : 
Right c.c. of concentrated sulphuric acid, diluted with 12 c.c. of 
water, were added during two to three hours to a vigorously stirred 
solution of 4 grams of 3-chlorophenol in 300 c.c. of water containing 
2 grams of caustic soda and 10 grams of sodium nitrite, the tem- 
perature being maintained at about 0°. After many hours, a 
greenish-yellow, crystalline substance (3 grams; 60 per cent. of 
the theoretical yield), m. p. 129°, separated and the liquor con- 
tained nitrous acid; on one occasion, after the product was filtered 
off, the mother-liquor, which had been retained over the week- 
end, deposited large, star-shaped crystals, m. p. 129-6°, which were 
seen under the microscope to consist of aggregates of long needles. 

The compound so formed is moderately soluble in cold alcohol 
or ether, giving greenish-yellow solutions (a characteristic of nitroso- 
compounds), but is almost insoluble in cold benzene. From alcohol 
diluted with water it crystallises in orange-yellow needles, m. p. 
135°, from hot water in dark orange-yellow needles, m. p. 130°, 
and from hot benzene in greenish-yellow crystals melting at 135-8°. 
It dissolves in molten phenol or molten naphthalene, forming deep 
red solutions, gives a bluish-violet colour in Liebermann’s reaction, 
and is non-volatile in steam. In the attempted steam-distillation 
a black residue, m. p. (if any) above 250°, was obtained and from 
the aqueous solution a red substance separated, its melting point, 
130—165°, indicating partial conversion. No silver, mercury, or 
lead salt could be formed, and the nitroso-compound appeared 
to react as an alcohol rather than as a phenol (Found: Cl = 22-77; 
M, in freezing phenol, 152, 159. Calc. for C,H,O,NCI, Cl = 22-52 
per cent.; M = 157‘5). From its low melting point, inability 
to form metallic salts, ease of conversion into the tautomeride, 
and general behaviour as an alcohol, the substance appears to 
be a true nitroso-compound. 

The dissolution of 3-chloro-4-nitrosophenol in phenol should 
be effected at a temperature only slightly exceeding the melting 
point of the solvent, on account of its acidic nature. To establish 
whether the phenol had exerted any conversion influence or not, 
it was extracted from the cryoscopic mixture by cold water; 
a yellow solid, m. p. 130°, remained and therefore the phenol 
had acted merely as a solvent. 

It has been proved experimentally that the nitroso-group is 
in the para-position to the hydroxyl group, but as the work has 
involved the preparation of several new compounds, the authors 
reserve this proof for a later publication. 

Conversion of 3-Chloro-4-nitrosophenol into Stereoisomeric 3-Chloro- 


benzoquinone-4-oximes.—When a solution of 3-chloro-4-nitroso- 
4p*2 
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phenol in boiling dilute hydrochloric acid (1 part of acid to 2 of 
water) is cooled, dendritic crystals are deposited which vary in 
colour from reddish-orange to scarlet in different preparations 
and melt at about 170°. Crystallised from hot benzene, in which 
they are sparingly soluble, these yield clusters of orange or brownish- 
red plates, m. p. 172° (decomp.); occasionally, broad parallelo- 
grams are obtained. The melting points vary slightly according 
to the duration of the treatment with hydrochloric acid; the 
products having the lower melting points are doubtless mixtures 
of the geometrical isomerides produced by the acid. Prolonged 
boiling with moderately concentrated hydrochloric acid produces 
a red, crystalline substance, m. p. 210—215° (compare Bridge, 
loc. cit.). 

The red oxime forms a deep orange-yellow solution in alcohol, 
an orange solution in ether, and a deep red solution in phenol, 
and responds to Liebermann’s nitroso-reaction, the colour being 
permanganate blue. No silver salt has as yet been obtained 
(Found: Cl= 22-03; M, in phenol, = 157°3. Cale. for 
C,H,O,NCI, Cl = 22-52 per cent.; IM = 157-5). The orange-red 
crystals recovered from phenolic solution melted at 170°. 

Conversion of the Red into the Pale Yellow Isomeride.—When the 
above red compound was dissolved in dilute sodium hydroxide 
solution, no frothing (see later) occurred, and the cold solution 
on acidification deposited a very pale yellow precipitate which, 
under the microscope, was seen to consist of very characteristic, 
long, slender needles. The substance was practically pure, melting 
at 176—178°, and at 178° after recrystallisation from benzene 
(Found: Cl = 22-91 per cent.; M, in phenol, = 161-3, 155-7). 
The higher the melting point the paler is the colour of the product, 
indicating the removal of the original coloured isomeride. The 
substance forms pale yellow solutions in alcohol and ether, from 
which it crystallises readily, and an orange-yellow solution in 
phenol, It is sparingly soluble in cold or hot benzene, and on 
prolonged heating with benzene an insoluble resinous substance 
gradually forms. It responds to Liebermann’s nitroso-reaction, 
giving a pure blue colour, and reacts with alcoholic silver nitrate 
to form a silver salt. 

Interconversion of the Geometrical Isomerides.—The pale yellow 
compound of m. p. 178° is sparingly soluble in boiling dilute hydro- 
chloric acid; the solution on cooling deposits the red form in 
dendritic masses, m. p. 170—172°, which are reconverted into the 
pale yellow form by treatment with alkali as above. A mixture 
of equal quantities of the two modifications melted at 170-6°. 

Action of Alkalis on 3-Chloro-4-nitrosophenol.—In order to find 
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out whether the pale yellow isomeride could be obtained directly 
from 3-chloro-4-nitrosophenol, a series of experiments with alkalis 
was undertaken. 

The nitroso-compound dissolved in dilute solutions of caustic 
soda (2—10 per cent.) with much frothing (in contrast to the dis- 
solution of the red oxime, which occurs without frothing), forming 
a deep red solution. Frothing commenced after an interval of 
a few seconds, and if the solutions were acidified prior to its appear- 
ance, brown precipitates having melting points varying from 
166° to 146° were obtained, the more dilute solutions furnishing 
the substances of higher m. p.’s. Conversion had therefore taken 
place, but prolonged exposure to the alkali caused further changes 
and black precipitates of indefinite nature were produced. 

In 2 per cent. sodium carbonate solution the nitroso-compound 
dissolved forming a red solution, from which it was reprecipitated 
unchanged by dilute hydrochloric acid. In 10 per cent. solution, 
however, the yellow precipitate obtained on acidification melted 
at 153—154°, indicating partial conversion, whilst dissolution in 
a cold saturated solution (about 16-5°%% Na ,CO, at 15°) followed 
immediately by acidification in the cold gave a pale yellow sub- 
stance of m. p. 173—174°, showing that complete transformation 
had occurred. If the alkaline solution was kept for two hours 
before being acidified, a dull red substance of indefinite m. p. 
(140—160°) was then obtained, prolonged exposure having again 
caused complex changes. 

Results could not be obtained with 2 per cent. sodium bicar- 
bonate solution, the nitroso-compound being too insoluble, but 
it dissolved in the saturated solution (about 8 per cent. at 15°), 
giving a red solution which on acidification yielded a reddish- 
yellow product of m. p. 172°. Complete transformation into the 
quinoneoxime had therefore occurred, but only partial conversion 
into the pale yellow tautomeride; the acidic character of the 
sodium bicarbonate may have not only produced a mixture of 
the geometrical isomerides but also prevented complications. 

Ammonia and pyridine also bring about conversion. The direct 
conversion of 3-chloro-4-nitrosophenol into the pale yellow quinone- 
oxime by alkalis is therefore free from complication only under 
special conditions, in contrast to the quantitative character of the 
transformation of the red isomeride. 

Conversion during the Direct Nitrosation of 3-Chlorophenol.— 
When nitrosation was carried out so that mineral acid or even 
acetic acid was in excess, products were obtained melting at 160° 
and upwards, the best yields being obtained when the dilution 
was sufficient to retain most of the product in solution. It is 
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this result that led to the realisation of the correct conditions for 
the formation of the true nitroso-compound. 

Comparative Reactions of the Three Isomerides. Solubility in 
Dilute Alcohol (3 paris of Alcohol to 1 part of Water).—The nitroso. 
compound is the most soluble, giving a greenish-yellow solution. 
The red oxime is much more soluble than its pale yellow isomeride; 
both solutions have an orange tinge. 

Coloration with Ferric Chloride——When ferric chloride was added 
to the above solutions, the nitroso-compound developed a deep 
olive-brown, and the two oximes a much lighter orange-brown 
colour. 

An alcoholic solution of the nitroso-compound and excess of 
ferric chloride was kept until crystallisation occurred, when crystals 
of m. p. about 172° were obtained, showing the converting influence 
of ferric chloride. 

Tiebermann’s Nitroso-reaction.—To 0-05 gram of each isomeride, 
0-1 gram of phenol and 1 c.c. of concentrated sulphuric acid were 
added. 


Nitroso- 
compound. Red oxime. Yellow oxime. 
First colour to appear ......... Green Deep green Deep green 
MEE 0 dovntavcssescssecssee Prussian blue Slowly to blue Rapidly to blue 


Colour after addition to 30 Very intense Greenish-blue Greenish-blue 
c.c. of 10% NaOH ......... blue 
Colour of 10 c.c. of above Weak lilac Deep pure Deep pure 


solution diluted to 50 c.c. ‘ blue blue blue 
with water 

Colour of original alkaline Violet Permanganate Permanganate 
solution after two days blue blue, not quite 


so deep as with 
the red oxime 


Summary. 


(1) 3-Chloro-4-nitrosophenol, the first true nitrosophenol to be 
isolated, has been prepared by a modification of the general nitros- 
ation method. 

(2) This 3-chloro-4-nitrosophenol is changed into quinoneoxime 
tautomerides by the regulated action of acids or alkalis. The 
difference of the melting points of the nitroso- and oxime forms 
is 40—50°. 

(3) Acids produce a red tautomeride, which appears to be the 
syn-form, whilst alkalis convert this into the anti-modification, 
which is almost colourless in the solid state, but forms deep red 
solutions in aqueous alkalis. 

(4) The syn- and anti-forms are interconvertible, but so far 
neither modification has been reconverted into the nitroso-com- 
pound. 

(5) The moderate stability of 3-chloro-4-nitrosophenol which has 
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enabled it to be isolated is ascribed to the steric effect of the chlorine 
atom. 


In conclusion, the authors desire to express their thanks to the 
British Dyestuffs Corporation for gifts of chemicals which have 
enabled this work to be carried out. 


DEPARTMENT OF CoLOUR CHEMISTRY, 


Tor TECHNICAL COLLEGE, HUDDERSFIELD. 
[ Received, June 26th, 1923.] 


CCLXXXVIII.—The Aryl and Alkyl Sulphonamides. 
By PeRcIVAL WALTER CLUTTERBUCK and JULIUS BEREND COHEN, 


Ir is well known that aryl sulphonamides yield with sodium 
hypochlorite aryl sulphonsodiochloroamides which possess active 
antiseptic properties : 


ArSO,*NH, + NaOCl = Ar‘SO,*NNaCl + H,0. 


The alkyl] sulphonamides and alkylene disulphonamides, as Clutter- 
buck and Cohen have shown (T., 1922, 124, 120), do not react in 
this way. The property of forming chloroamines seems therefore 
to depend on the presence of an aromatic nucleus, which property 
is unaffected by the presence of such nuclear substituents as the 
halogens, methyl, methoxy-, or nitro-groups. 

In order to find to what extent the aromatic nucleus determines 
the behaviour of aromatic and aliphatic sulphonamides towards 
sodium hypochlorite, we have prepared substances in which the 
nucleus is removed from the sulphonamide group by aliphatic 
chains of varying length and have studied the action of sodium 
hypochlorite upon them. Toluene-w-sulphonamide and all the 
substitution products which we have examined react readily with 
sodium hypochlorite in a normal fashion. An attempt to prepare 
the homologue, sodium {-phenylethanesulphonate, by the 
action of sodium sulphite on $-phenylethyl chloride failed owing 
to the separation of hydrogen chloride and the consequent production 
of styrene : 


20,H,°CH,°CH,Cl-+Na,SO, = 2C,H;-CH:CH, +2NaCl+S0, +H,0. 
The reaction is similar to that between ammonia or an amine and 


ethylenedisulphonyl chloride described in the former paper (loc. 
cit.), which yields vinylsulphonamide. On the other hand, 
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y-phenylpropyl bromide reacts normally with sodium sulphite and 
gives a sulphonic acid and sulphonamide in the ordinary way : 


C,H,°CH,°CH,°CH,Br + Na,SO, = 
C,H,;'CH,°CH,°CH,"SO,Na + NaBr, 


Phenylbutyl bromide also acts normally with sodium sulphite and 
gives a stable and well-defined sodium sulphonate resembling the 
phenylpropyl compound. This again resembles the disulphony| 
chlorides of «y-propane and ae-pentane, which react normally with 
ammonia and amines. It appears, therefore, that an aliphatic 
chain of two carbon atoms to one of which a halogen atom is 
attached is unstable in presence of sodium sulphite. +-Phenyl- 
propanesulphonamide, although readily prepared, does not react 
with sodium hypochlorite. Thus an aliphatic side-chain of three 
carbon atoms prevents chloroamine formation. 

In the course of this inquiry we have examined from the same 
point of view the behaviour of cyclohexanesulphonamide, which we 
find shares the general character of the aliphatic compounds and is 
unchanged by sodium hypochlorite, and the same is true of viny]- 
sulphonamide, CH,:CH*SO,*NHg, in spite of the presence of a 
double bond. 

Among the substituted naphthalene derivatives containing an 
aliphatic side chain we prepared sodium 2-methoxy-1-naphthy/- 
methanesulphonate, OMe*C,,H,*CH,"SO,Na, but attempts to convert 
it into the sulphony! chloride led to decomposition and therefore it 
was unsuitable for the preparation of a chloroamine. 

To complete the list of substances recorded in the previous 
paper, methane- and dichloromethane-sulphonamides were prepared, 
but they yielded no chloroamines. 


EXPERIMENTAL. 


Sodium p-Chlorotoluene-w-sulphonate.—p-Chlorobenzy] chloride was 
prepared by the chlorination of boiling p-chlorotoluene (Ber., 1878, 
41, 904). On cooling in ice, the chloride crystallised, and was 
purified by crystallisation from alcohol. The chloride was then 
boiled with the required amount of a concentrated solution of 
sodium sulphite and the sulphonate recrystallised from hot water. 

Sodium p-Bromotoluene-w-sulphonate.—p-Bromobenzyl bromide 
was obtained by the bromination at 185° of p-bromotoluene (Ber., 
1884, 17, 2922). The bromide was then boiled for several hours 
with a concentrated solution of sodium sulphite and the sulphonate 
recrystallised from hot water. 

Sodium p-Iodotoluene-w-sulphonate——p-Iodobenzyl bromide was 
prepared (Ber., 1876, 9, 931), and sulphonated as above. 
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Sodium o-, m-, and p-Nitrotoluene-w-sulphonates.—These were 
prepared by boiling the corresponding nitrobenzyl chlorides with 
a concentrated solution of sulphite. On cooling, the sulphonates 
erystallised and were filtered and recrystallised. Careful boiling 
is required and excess of sulphite must be avoided, since these 
sulphonates readily char. 

Sodium £-Phenylethanesulphonate.—This substance has not as 
yet been obtained. Phenylethane was prepared by Fittig’s 
method by condensation of bromobenzene and ethyl bromide in 
presence of metallic sodium. The phenylethane was extracted 
with ether, the ether removed, and the residue fractionated. The 
portion boiling at 134—136° was collected. This was boiled under 
reflux and chlorine passed in until the weight had increased by 
the required amount. The liquid was then fractionated in a 
vacuum and a portion collected at 90—95°/17 mm. When 
8-phenylethyl chloride was treated with sodium sulphite, am- 
monium sulphite, or with silver sulphite, sulphur dioxide was 
evolved and a liquid obtained not miscible with water which was 
found to be styrene. It appears, therefore, that §-phenylethyl 
chloride loses hydrogen chloride, which decomposes the sulphite. 

Sodium y-Phenylpropanesulphonate.—Cinnamic ester when re- 
duced gives y-phenylpropyl alcohol. The reduction was carried 
out under different conditions with sodium and absolute alcohol 
(Compt. rend., 1903, 136, 1676), but the yield was in no case very good. 
A slightly increased yield was obtained by the method of Levene 
and Allen (J. Biol. Chem., 1916, 27, 443), the “absolute ” alcohol for 
these experiments being dried by the addition of a little sodium 
and redistilling. After reduction, a little alcohol was added and 
the whole boiled to remove any unused sodium. After cooling, 
water was added to decompose the sodium ethoxide and the etlryl 
alcohol distilled on the water-bath. The remaining solution was 
extracted with ether and the ether extract fractionated. The 
higher alcohol boiled at 234°. A considerable part of the cinnamic 
ester was hydrolysed in the process and the free cinnamic acid was 
recovered by acidifying the aqueous solution, filtering off the acid, 
and recrystallising. The required amount of phosphorus penta- 
bromide was then added gradually to the alcohol, which was cooled 
in water. The reaction proceeded quietly, heat being evolved and 
hydrogen bromide liberated. A little ice and iced water were 
added and the bromide was extracted with ether. The ethereal 
solution was shaken with water, then with dilute sodium carbonate 
solution, again with water, and finally dried and fractionated. The 
portion boiling at 111°/16 mm. was collected. The bromide, on 
boiling with a strong solution of sodium sulphite, readily gave 
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the sulphonate, which crystallised in shining, colourless leaflets 
from the concentrated, cooled solution. 

Sodium 8-phenylbutanesulphonate was prepared by the method 
of von Braun (Ber., 1911, 44, 2872). Dried magnesium turnings 
were added to y-phenylpropyl bromide in dry ether, the solu. 
tion was boiled on the water-bath until the magnesium had 
disappeared, finely powdered trioxymethylene added, and the 
mixture boiled for twenty-four hours, cooled, and acidified. The 
ethereal layer was then separated and dehydrated, the ether evapor- 
ated, and the residue fractionated in a vacuum. The fraction 
boiling at 140°/17 mm. was 8-phenylbutyl alcohol. This was 
converted into 6-phenylbutyl bromide by the action of phos. 
phorus pentabromide. The bromide, when purified as described 
in the case of the phenylpropyl bromide, boils at 132°/12 mm. 
This method was found to be more convenient than von Braun’s, 
in which the alcohol is heated with fuming hydrobromic acid at 
100°. The bromide was readily sulphonated on boiling it with a 
solution of sodium sulphite and gave a crystalline sulphonate 
closely resembling the benzyl and phenylpropyl compounds. 

Sodium 2-Methoxy-1-naphthylmethanesulphonate.-—@-Naphthol was 
boiled for several hours with the required amounts of formaldehyde 
and sodium sulphate solution (Baeyer & Co., D.R.-P. 87335). The 
mechanism of the reaction appears to be as follows : : 


ine a Fi di a ie ee . 

pot ip PH 1 cH, —»{ Y )OH % 

al Ne A ight - ‘“ CH,-SO,Na 
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fo ae + NaOH 
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8-Naphthol was suspended in water and mixed with a con- 
centrated solution of sulphite. On, adding formaldehyde, the 
naphthol immediately dissolved, but on heating, a precipitate of 
fine needles separated. Some of these remained after boiling for 
several hours. They contained no sulphur and were shown to be 
2-hydroxy-l-naphthylmethyl alcohol. This substance melted with 
decomposition at 193° (compare C., 1907, I, 966; m. p. 188—189°). 
After boiling, the solution was filtered and acidified with acetic 
acid, when the free sulphonic acid was precipitated ; it was filtered, 
and recrystallised from dilute spirit. The free acid was dissolved 
in excess of caustic soda and stirred with methyl sulphate, the 
mixture becoming hot and gradually solidifying. The resulting 
sodium 2-methoxy-1l-naphthylmethanesulphonate was pressed on 
a filter and recrystallised from aqueous spirit. 
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Potassium cycloHexanesulphonate.—cycloHexyl iodide was first 
made by the method outlined in Compt. rend., 1905, 141, 593, and 
modified as follows: a solution of 127 grams of iodine in 1 litre 
of dry carbon disulphide was added gradually with shaking to a 
filtered solution of 10-3 grams of yellow phosphorus in about 30 c.c. 
of dry carbon disulphide, and the whole kept for about two hours. 
Instead of using a current of carbon dioxide to remove the carbon 
disulphide, the greater part was distilled from the water-bath 
maintained at 55°, and the rest was aspirated off under reduced 
pressure; 100 grams of cyclohexanol were then added gradually 
(to prevent loss by too violent a reaction). After the mixture had 
been cooled in water for several days, water was added to decom- 
pose any excess of phosphorus tri-iodide and the resulting liquid 
was extracted with ether. The ethereal solution was washed 
successively with water, sodium carbonate solution, and water, 
and dried over calcium chloride. It was fractionated in a vacuum, 
the bulk boiling at 74-4°/9 mm. The yield of cyclohexyl iodide was 
88 per cent. The iodide was converted into the sulphonate by a 
method similar to that of Borsche and Lange (Ber., 1905, 38, 
2766), who used cyclohexyl chloride. Fifty-five grams of cyclo- 
hexyl iodide, 6 grams of dried magnesium shavings, and 100 c.c. of 
dry ether were gently warmed until the reaction began. The flask 
was then cooled to moderate the reaction. After the magnesium 
had dissolved, 100 c.c. of dry ether were added, and a rapid stream 
of dry sulphur dioxide was passed into the mixture, cooled in a 
freezing mixture. Water was added, the by-products were removed 
by extraction with ether, and the aqueous solution was evaporated, 
giving crusts of magnesium cyclohexanesulphinate contaminated 
with magnesium iodide. This was dissolved in water and oxidised 
with potassium permanganate. Any remaining magnesium was 
precipitated with potassium carbonate and the liquid after filtration 
evaporated until the potassium cyclohexanesulphonate crystallised. 

Sodium o-, m-, and p-Methoxytoluene-w-sulphonates.—o-, m-, and 
p-Methoxybenzyl bromides were made from the corresponding 
hydroxybenzaldehydes by reduction, methylation, and treatment of 
the methoxybenzyl alcohols with hydrobromic acid, as described 
by Lapworth (T., 1922, 121, 1396). The bromides readily give 
sulphonates on boiling with a concentrated solution of sodium 


sulphite. 

The following were also prepared : 

Methanesulphonate.—The usual method of preparation (Annalen, 
1868, 148, 103) by heating methyl iodide and potassium sulphite 
in a sealed tube was rejected in favour of a much improved method 


privately communicated by Mr. P. K. Dutt. 
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Dichloromethanesulphonate.-—Trichloromethanesulphony] chloride 
was prepared (A., 1886, i, 1000) by allowing a mixture of carbon 
disulphide, hydrochloric acid, and potassium perchlorate to stand 
for several weeks in sunlight. This was then converted (J. pr, 
Chem., 1884, [ii], 30, 284) into trichloromethanesulphonic acid, 
which, on treatment with zinc, gave zinc dichloromethanesulphonate, 
The zinc was precipitated with potassium carbonate, the filtrate 
evaporated to dryness, and the sulphonate extracted with alcohol, 


Analysis of the Sulphonates. 


Sodium per cent. Sulphur per cent, 

Sodium sulphonate. 4 Cale. . Cale, 
p-Chlorotoluene- ; 10-06 : 14-0 
p-Bromo a . 4 4 . 11-7 
p-Iodo 7 : , 
o-Nitro ai 
m-Nitro - 
p-Nitro os 
o-Methoxy ,, 
m-Methoxy ,, 
p-Methoxy ,, 
2-Methoxy-1-naphthylmethane- 
y-Phenylpropane- ............s.ssseeeeeee 
5-Phenylbutane- 
SEMEN oS dacecccessessesesesesseseves 
Methane- 


— 
WONWSSBSOSS EOE OSAG 
WHR IdSRWWWAAAL 

IAD 


1 
1 
1 


Preparation of the Sulphonyl Chlorides. 


The above sulphonates were carefully dried at 120°, finely 
powdered, and mixed with a slight excess of phosphorus penta- 
chloride, and warmed. When the mass had liquefied, the phos- 
phory] chloride was distilled from the water-bath in a vacuum and 
the residue shaken with ice-water and extracted with ether. The 
ethereal solution was dried and used for the preparation of the 
amides. In some cases decomposition occurred. In the case of 
sodium y-phenylpropanesulphonate it was found advisable to 
suspend the sulphonate in dry chloroform and to add the penta- 
chloride gradually. In the case of sodium 2-methoxy-1-naphthy]l- 
methanesulphonate decomposition also occurred. 


Preparation of the Sulphonamides. 


Dry ammonia gas was passed into the dried chloroform or ether 
solutions of the sulphonyl chlorides, and the product extracted 
with acetone. The sulphonamides can generally be crystallised 
from boiling water, from which they separate on cooling. They 
are obtained by precipitation of an acetone solution with water. 
The following table gives the melting points and analyses : 
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Moride Nitrogen per cent. 
arbon Sulphonamide. M.p. Found. Calc. 
Stand Mf Toluenc-w-sulphonamide ............sceeseeeeeeeees 105° — — 
J. pr p-Chlorotoluene-w-sulphonamide ...........++++++ 157 6-6 6:8 
.. Bromotoluene-w-sulphonamide ...,......+++++0+. 188 5-4 5-6 
acid, p-lodotoluene-w-sulphonamide ...........+++++0+0++ 206 4-4 4:7 
Mate, MH o-Nitrotoluene-w-sulphonamide —...........++.+++ 137 12-7 12-96 
It me - |! alinpalimenareb ein ie 159 12-7 12-96 
Tate B . . Ee ee REE ee 200 12-75 12-96 
Oho],  y-Phenylpropanesulphonamide —............ss+++ 35 6-8 7:0 
cycloHexanesulphonamide — ...........sseseeeeeeere _ 8-4 8-6 
Methanesulphonamide ........ceeeeseeseeeeeeeeeeers 83 — ef 


Dichloromethanesulphonamide —............++0++« 
* Solidifies only after long standing. 


ent, 


Preparation of the Chloroamines. 


The sulphonamides were warmed with a freshly prepared solution 
of sodium hypochlorite. The chloroamines can in most cases be 
crystallised by evaporation of the aqueous solution in a vacuum 
over sulphuric acid or they can be precipitated by the addition of 
a saturated brine solution. The nitro-substituted benzyl com- 
pounds afforded some difficulty in purification owing to their 
greater solubility. y-Phenylpropanesulphonamide, cyclohexane- 
sulphonamide, methane- and dichloromethane-sulphonamides, and 
ethylenesulphonamide did not give chloroamines, but the original 
sulphonamide was recovered unchanged in almost theoretical 
quantity. 

The table below gives a list of those chloroamines which were 


~ NORRMONSS 


| 
“4 prepared and their analysis : 
g- Sodium. Nitrogen. 
nd Sulphonsodiochloroamide. Found. Cale. Found. Calc. 
TOUBONO=O coccccccccvescccnvccecosesssccccoeceess 9-9 10-1 6-0 6-15 
he MAMIOTOOOIIERO=  o.ccecscccccccssevesesseses 8-9 8-8 . 5°34 
he P-Bromotolucme-w-  .....eseeseeeseeseeeeeeeees 7:6 75 , 
RONNIE. oes pocscceccsereecssisesoncees 6:7 6°5 
Of HF o.Nitrotolueme-w- .........c.csccsssssscsceseee 8-6 8-5 
a ee | Ge | | + pnseneedmentdabioegheeeedonsen 8-5 
8-5 
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Action of Hydrazine on the Sulphonyl Chlorides. 


T oluene-w-sulphonhydrazide.—Toluene-w-sulphonyl chloride (2 
mols.) was dissolved in absolute alcohol and to it was added an 
alcoholic solution of hydrazine hydrate (3 mols.). The water in the 
hydrate retained most of the hydrazine hydrochloride in solution ; 
the precipitate, which was mainly toluene-w-sulphonhydrazide, was 
recrystallised from hot water. It was slightly soluble in ether, 
absolute alcohol, or cold water, but very soluble in hot water or 
acetone. The pure substance melted with decomposition at 124— 
125°. Sodium hypochlorite decomposed the hydrazide, liberating 
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nitrogen (Found: N = 14-78. C,H,,0,N,8 requires N = 15-0 per 
cent.). 

p-Chlorotoluene-w-sulphonhydrazide was prepared as above and 
recrystallised from boiling water. It melted with decomposition 
at 130—131° (Found: N = 12:5. C,H,O,N,CIS requires N = 12-7 
per cent.). 

p-Nitrotoluene-w-sulphonhydrazide was obtained as described above 
and recrystallised from water (below 90°). It melts with decom. 
position at 87° (Found: N = 18-0. C,H,0O,N,S requires N = 18-18 
per cent.). 


Action of Phenylhydrazine on the Sulphonyl Chlorides. 


Toluene-w-sulphonphenylhydrazide—The equivalent of two mole- 
cules of phenylhydrazine in ether was mixed with one mol. of 
toluene-w-sulphonyl chloride in ether. Phenylhydrazine hydro- 
chloride and the phenylhydrazide were precipitated together. 
After standing, the mass was pressed on a filter and washed 
with ether. The precipitate was then boiled with water, when 
the hydrochloride went into solution. The phenylhydrazide, which 
is sparingly soluble in water, was filtered off and purified by dis- 
solving in acetone, filtering, and adding water. It melted with 
complete decomposition at 173° (Found : N = 10-45. (C,3H,,0,N,8 
requires N = 10-69 per cent.). 

p-Chlorotoluene-w-sulphonphenylhydrazide was prepared from 
p-chlorotoluene-w-sulphony] chloride as in the preceding experiment. 
The reaction was not immediately complete. After standing, the 
mass was pressed on a filter and purified as above. p-Chlorotoluene- 
w-sulphonphenylhydrazide melted with total decomposition at 178° 
(Found: N= 9-2. C,,H,,0.N,CIS requires N = 9-4 per cent.). 

p-Nitrotoluene-w-sulphonphenylhydrazide, prepared from the sul- 
phony] chloride as above, melted with total decomposition at 156° 
(Found: N = 13-45. C©,,;H,,0,N,8 requires N = 13-6 per cent.). 


Action of Aniline on Sulphonyl Chlorides. 


Toluene-w-sulphonanilide.—The aniline (2 mols.) in ether solution 
was added to the toluenesulphony] chloride (1 mol.) in ether. The 
reaction was slow, but after standing over-night the whole solidified. 
It is therefore better to use a higher-boiling solvent (benzene) and 
to boil the mixture. After recrystallisation from dilute spirit, the 
anilide melted at 101° (Found: N=5-5. C,3H,,0,NS requires 
N = 5-67 per cent.). 

p-Chlorotoluene-w-sulphonanilide—Aniline (2 mols.) in ether 
solution was added to p-chlorotoluenesulphonyl chloride (1 mol.) 
in ether. Precipitation was not complete for some time. The 
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anilide, recrystallised from diluted spirit, melted with decom- 
position at 235° (Found: N= 4-7. ©,3H,,0,NCIS requires N= 
495 per cent.). 

p-Nitrotoluene-w-sulphonanilide——The reaction carried out as 
above in ether solution with p-nitrotoluenesulphony] chloride and 
aniline was more rapid. After standing, the precipitate was filtered 
and washed with ether. The product was boiled with water and 
filtered hot. The anilide separated in long needles which appeared 
to decompose at 220° (Found: N = 9-4. C,3;H,.0,N,8 requires 
N = 9-6 per cent.). 

THE OrGANIC CHEMICAL LABORATORIES, 

THE University, LEEDs. (Received, July 28th, 1923.] 


CCLXXXIX.—The Absorption Spectra of the Vapours 
and Solutions of Various Ketones and Aldehydes. 


By Joun Epwarp PurRvIs. 


TuE absorption spectra in the visible and ultra-violet regions of 
various saturated aliphatic aldehydes and ketones have been 
described by Purvis and McCleland (T., 1912, 101, 1810). The 
facts there disclosed are (1) the considerable number of absorption 
bands in the vapours of formaldehyde, glyoxal, and diacetyl as 
compared with the one or two in the solutions and thin films, and 
(2) the general resemblance of the vapour bands with the solution 
bands in other more complex aldehydes and ketones. In a later 
investigation of unsaturated aldehydes and ketones (T., 1913, 103, 
433) a considerable number of narrow bands were found in the 
vapours of acraldehyde and crotonaldehyde, and such bands were 
absent from the vapours of more complex aldehydes. Later it 
was shown (ibid., p. 1088) that benzaldehyde vapour had a con- 
siderable number of narrow bands which were absent in acetophenone 
and benzophenone. 

The author has investigated the following substances containing 
an aldehydic or a ketonic group: camphor (vapour), fenchone 
(vapour), camphorquinone (vapour), carvone (vapour). Camphoric 
anhydride (vapour and solution), carvoneoxime (solution), camphor- 
imide (solution), and solutions of sucrose, dextrose, levulose, and 
lactose were also examined. 

The experimental methods have been described before. 

Camphor.—The absorption spectrum in the ultra-violet regions 
of alcoholic solutions of camphor has been described by Baly, 
Marsden, and Stewart (T., 1906, 89, 979), by Hartley (T., 1908, 
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93, 961), and by the author (T., 1915, 107, 644). They showed 
that the substance has a band the head of which is at about 
1/2 3500 (A 2850). 

The vapour of the substance was investigated at the following 
temperatures and pressures : 

At 120° and 785 mm. The rays were slightly weakened between 
24310 and 276, and were then transmitted to d 212. 

At 130° and 790 mm. The rays were a little weaker than the 
last between 1310 and 276, and were then transmitted to 2 212, 

At 140° and 795 mm. The rays were a little weaker than the 
last between 4312 and 270, and were then transmitted to 2 212. 

At 150° and 800 mm. The rays were weak between 314 and 
2 270, and were then transmitted to 2212. 

At 160° and 805 mm. The rays were very weak between 316 
and 267, and were then transmitted to 212. 

At 170° and 810 mm. The rays were almost completely absorbed 
between 1318 and d 262—except at the edges which were diffuse. 
The rays were then transmitted to 4 214, 

At 180° and 815 mm. The rays were absorbed between 2320 
and 4 259—except at the edges which were diffuse. The rays were 
then transmitted to 214. 

At 190° and 820 mm. The rays were absorbed between 325 
and 2 250—except at the diffuse edges, and were then transmitted 
to 2 220. 

At 200° and 825 mm. The rays were absorbed between 2328 
and A 240, and were then transmitted to 223. 

This band showed therefore no signs of division into a series of 
narrow bands, and it appeared to be more diffuse on the more 
refrangible edge. It is comparable with the solution band, the 
head of which is at about 285 (loc. cit.), except in position, when, 
as in all cases, the solution band is moved more towards the 
red end. 

Fenchone.—Solutions of this substance have been investigated by 
Henderson, Henderson, and Heilbron (Ber., 1914, 47, 876), and 
they found no difference in the absorptive capacity when compared 
with camphor. The solution band was at about 1/2355 (A 282). 

The author has investigated the vapour of the substance at the 
following temperatures and pressures : 

At 130° and 790 mm. The rays were a little weak between 
4310 and 1 278, and were then transmitted to 2214. 

At 150° and 800 mm. The rays were weaker than the last 
between 2316 and 267, and were then transmitted to 214. 

At 170° and 810 mm. The rays were very weak between 4320 
and 4 260, and were then transmitted to A 220. 


Fic. 1. 


Vapour of camphorquinone. 


148° and 800 mm. 
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The four bands are fairly well seen at the lower temperatures and pressures. 
The gradually increasing absorption is well marked as the temperature and 
pressure aré increased, 
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198° and 825 mm. 
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At 190° and 820 mm. The rays were almost completely 
absorbed between 1325 and 2 247, and were then transmitted to 
1220. 

At 210° and 830 mm. The rays were completely absorbed 
between 1325 and 2240, and were then transmitted to 225. 

As in camphor, the vapour of fenchone showed no signs of division 
into a series of narrower bands. The general appearance is like 
that of the vapour of camphor, and is also comparable with its own 
solution band. 

Camphorquinone.—Stewart and Baly (T., 1906, 89, 489) found 
astrong band at 1/2 207 (1 483) in alcoholic solutions, 

The vapour of the substance has been investigated at various 
temperatures and pressures, At 148° and 800 mm., between 2 458 
and 1420, there were four weak and diffuse bands divided into 
two groups; the more refrangible of each couple was weaker than 
the other; the rays were then transmitted to.4 225. These nar- 
rower bands became clearer and better defined as the temperature 
and pressure increased. At 198° and 825 mm. the rays were 
almost completely absorbed between 4459 and 21410 and then 
transmitted to about 1300; the strong cadmium lines beyond this 
to about 2255 were just visible. At 208° and 830 mm. the rays 
were completely absorbed between 1459 and 21400, and then 
transmitted to about 4310. 

The solution band, therefore, splits up into a series of narrower 
vapour bands, and this is quite unlike the phenomena observed in 
camphor and fenchone. Attention may be directed to the vapour 
bands of benzoquinone and its derivatives (this vol., p. 1841). The 
vapour bands of camphorquinone are much fewer than in the 
vapour of benzoquinone, and they are moved more towards the 
red end. A reproduction of an enlarged original photograph is 
shown in Fig. 1. 

Camphoric anhydride.—An alcoholic solution of this substance 
was examined. No absorption band was observed and the line of 
general absorption for various strengths has been drawn (Fig. 2, 
III). The vapour of the substance was also examined at the 
following temperatures and pressures : 

At 180° and 815 mm. The rays were transmitted to 215. 

At 190° and 820 mm. The rays were transmitted to 4215, but 
were weak between A 250 and A 235. 

At 200° and 825 mm. The rays were transmitted to about 
4250, and were then absorbed, except for the strong cadmium 
lines beyond. 

At 210° and 830 mm. The rays were transmitted to about 4 250, 
and were then absorbed. 
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At 220° and 835 mm. The rays were transmitted to about fig At: 
4 260, and were then absorbed. petwe 
At 230° and 840 mm. The rays were transmitted to 2 263. At 
The substance both in solution and in the vaporous condition § petwe 
is remarkably transparent, and shows no signs of specific absorption, 
Camphorimide.—An alcoholic solution of this substance was 
examined, and, as was to be expected, no absorption band was 
observed. The line of general absorption has been drawn (Fig. 2, 
II). The line of general absorption is shifted more towards the 
red end as compared with camphoric anhydride; this is probably — At 
connected with the NH-group in the molecule. At 
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I. Carvoneoxime. II. Camphorimide. III. Camphoric anhydride. 


Carvone.—Henderson, Henderson, and Heilbron (loc. cit.) found | 4 
a band at 1/2310 (4319) in alcoholic solution. The author has § 4 
investigated the vapour of the substance at the following tem- a 
peratures and pressures : ( 

At 140° and 795 mm. The rays were transmitted to about 2 252. ( 

At 150° and 800 mm. The rays were a little weak between t 
about 1337 and 1305, and were then transmitted to 2 256. 

At 160° and 805 mm. The rays were weaker than in the last { 
between 1344 and 1300, and were then transmitted to 257. 

At 170° and 810 mm. The rays were still weaker than in the last ' 
between 1354 and 299, and were then transmitted to 258, | 
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% At 180° and 815 mm. The rays were almost completely absorbed 
between 41357 and 2297, and were then transmitted to 260. 

At 190° and 820 mm. The rays were completely absorbed 
between 2364 and 296, except for the strong cadmium lines, and 
were then transmitted to 273. 

At 200° and 825 mm. The rays were completely absorbed 
between 1365 and A 293, and then the strong cadmium lines were 
transmitted to 2 275. 

At 210° and 830 mm. The rays were transmitted to 1366. 
At 230° and 840 mm. The rays were transmitted to 367. 
At 250° and 860 mm. The rays were transmitted to 1368. 
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The band therefore showed no signs of division. It is com- 
parable with the solution band. 

Carvoneoxime.—Alcoholic solutions of this substance showed no 
absorption bands. The curve of general absorption has been 
drawn (Fig. 3, I). Similar results with other oximes have been 
described before by Hartley and Dobbie (T., 1900, 77, 318) with 
acetaldoxime and acetoxime, and by Baly, Marsden, and Stewart 
(T., 1906, 89, 979), Hartley (T., 1908, 93, 961), and the author 
(T., 1915, 107, 643) as regards camphoroxime. In all these oximes 
the absorption bands of the mother-substances disappear. 
Sucrose, Dextrose, Levulose, and Lactose—Aqueous solutions of 
these substances were examined and the curves drawn (Fig. 3). 
It will be seen that sucrose has no absorption band and is remarkably 
transparent. The other three substances show the specific absorp- 
tion characteristic of aldehydes and ketones. The levulose band 
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is a little wider than the dextrose band and is shifted a little mop 
towards the red end. As compared with levulose, the dextrose 
molecule opens out earlier, for the dextrose band shows itself in 
normal solution and the levulose band in a decinormal solution, 
The lactose band is a little wider than the dextrose one and is not 
so persistent; its position is about the same as that of dextrose, 
These facts indicate that the specific absorption is independent of 
the weight of the molecule and is closely connected with the 
structure. The primary oscillation centre is the C:O group, and 
the oscillations producing absorption are modified by the orientation 
of this group with the other atoms, that is, whether the group js 
aldehydic or ketonic. 
Results. 

The general results are (1) that camphorquinone vapour exhibits 
a few bands in the visible regions of the spectrum, whereas camphor, 
fenchone, and carvone have each a single band in the ultra-violet 
regions similar to the solution band, and camphoric anhydride has 
none; (2) that carvoneoxime, camphoric anhydride, and camphor- 
imide have no solution bands in the visible or the ultra-violet 
regions; (3) that dextrose, levulose, and lactose have specific 
solution bands in the ultra-violet regions characteristic of aldehydes 
and ketones, and sucrose has none. 

These results show, therefore, that the substances examined are 
comparable with the more complex aldehydes and ketones described 
before (loc. cit.). On the other hand, the vapour of camphor- 
quinone, possessing a diketonic structure, is comparable with that 
of diacetyl and p-benzoquinone (loc. cit.). The fundamental oscil- 
lation centre appears to be the C:O group, for the band disappears 
in carvoneoxime just as it does in acetaldoxime and in camphor- 
oxime (loc. cit.). 

Now, formaldehyde and glyoxal exhibit numerous bands which 
disappear in the more complex acetaldehydes and acetones. On 
the other hand, complex substances possessing a diketonic structure, 
like p-benzoquinone and diacetyl, show numerous bands in the 
visible regions; and in this respect camphorquinone is comparable 
with them. It may be that the closer position of the two C:0 
groups in camphorquinone and diacetyl as compared with benzo- 
quinone restricts their oscillatory movements, the free valencies of 
the oxygen atoms tend to neutralise one another, and fewer bands 
result. 

The author has also pointed out (this vol., p. 1841) that the group 
of vapour bands of -benzoquinone in the visible regions are 
different from the two groups in the ultra-violet regions. It was 
suggested that these different types are produced by different 


y ETO, 


> More 
Xtroge 
lf ing 
ution, 
is not 
‘trose, 
ont of 
h the 
» and 
‘ation 
Up is 


Libits 
phor, 
riolet 
> has 
yhor- 
iolet 
cific 
ydes 


are 
ibed 
hor- 
hat 
scil- 
ars 

10r- 


ich 
On 


STYRYLBENZOPYRYLIUM SALTS. PART II. 2521 


types of oscillating centres. Again, different substances, like 
camphorquinone and benzoquinone, ‘possess similar vibrating 


centres—the two g:0 groups—and the colour of such substances 


may be connected therewith, but modified in shade by their position 
and their relationship with the other atoms of the molecule. Such 
vibratory centres in different substances may show close resem- 
blances in the individual groups of vapour bands. Solution bands 
can only exhibit general resemblances; they are not sufficiently 
detailed for the purpose; and the author is trying to investigate 
the vapour bands under similar conditions of temperature and 
pressure of different substances containing similar atomic groups 
which are supposed to be the origin of the bands, 


I desire to convey my thanks to the Government Grant Com- 
mittee of the Royal Society for their assistance in the purchase of 
the apparatus used in these experiments. 


Pustic HeattH CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, August 13th, 1923.] 


(CXC.—Styrylbenzopyrylium Salis. Part III. The 
y-Styryl Derivatives of 7-Hydroxy-2-phenyl-4- 
methylbenzopyrylium Chloride. 


By JOHANNES SYBRANDT Buck and Istipor Morris HEILBRON. 


Ix a former communication (Buck and Heilbron, T., 1922, 121, 
1198), various styrylbenzopyrylium salts were described having the 
styryl group in the «- or 2-position of the pyrylium ring. The 
present investigation was undertaken in order to ascertain whether 
y or 4-styrylpyrylium salts could also be prepared, a question which, 
at the same time, would determine whether or no a methyl group 
in the 4-position to the pyrylium oxygen atom is actually reactive. 
This problem was previously discussed by Borsche (Annalen, 1916, 
411, 38) in his study of the condensation reactions of 7-hydroxy- 
2:4-dimethylbenzopyrylium chloride, without, however, any con- 
dusion being drawn. As suitable starting material for the work 
in hand, 7-hydroxy-2-phenyl-4-methylphenopyrylium chloride was 
elected. This was originally prepared by Biilow and Wagner 
(Ber., 1901, 34, 1782), who describe it as a yellow, crystalline 
substance containing one molecule of water of crystallisation. A 
brownish-yellow, less soluble modification is also mentioned, but 
was not apparently further investigated. Carrying out the prepara- 
tion exactly as described by these authors, a product was obtained 
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answering approximately to their description, and a perchlorat, 
which we prepared as a check gave satisfactory analytical results 


for an anhydrous salt. We found, however, that on attempting tof 


condense this material with aldehydes, not only was much difficulty 
encountered owing to the formation of insoluble substances, but 
also that the styryl derivatives, when analysed, showed variable 
and inexplicable deviations. It thus appeared necessary to examine 
more closely our starting material, with the result that we found 
that, under the conditions described by Billow and Wagner, neither 
the anhydrous compound nor the stated monohydrate was obtained, 
but a complex having a composition corresponding to one molecule 
of the anhydrous chloride plus one-half molecule of resorcinol. This 
addendum is remarkably firmly attached and is not removed even 
by repeated crystallisation from either alcoholic hydrochloric acid 
or glacial acetic acid. For some considerable time the presence 
of the resorcinol escaped notice, it being finally detected in the 
mother-liquors remaining after separation of the perchlorate. 
From these sufficient resorcinol was isolated to enable its identity 
to be established and also its dibenzoyl derivative to be prepared. 
The difficulty of preparing pure styrylpyrylium salts from this 
resorcinol compound arises from the fact that, although the resor. 
cinol is in the main displaced during the condensation, small 
quantities are always retained in the styryl derivatives, owing to 
the practical difficulties involved, due to the rapid separation of 
the product during recrystallisation. 

By carrying out the condensation of resorcinol with benzoyl- 
acetone as described by Biilow.and Wagner (loc. cit.), but using 
80 per cent. formic acid in place of the glacial acetic acid employed 
by them, a product is obtained which, depending on very slight 
variations in the method of recrystallisation, gives either the 
anhydrous 7-hydroxy-2-phenyl-4-methylbenzopyrylium chloride (I) 
or the hydrated chloride containing one molecule of water. This 
latter compound is quite possibly not a true pyrylium salt, but 
the hydrochloride of the open-chain unsaturated ketone * (II), a 
delicate equilibrium existing between the two forms. 


/\NAMexog __ ‘i. AMe\ on 
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The existence of the anhydrous chloride, now isolated for the 
first time, supplies complete experimental verification of Decker 


* This matter will be dealt with in another paper, where more definite 
proof regarding these views will be given, 
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and Fellenberg’s conclusions (Ber., 1907, 40, 3851) as to the true 
yrylium nature of these compounds. That the methyl group is 
actually in the 4-position was shown by Biilow by hydrolysis of 
fficulty§ the compound with 10 per cent. potassium hydroxide, when aceto- 
henone and resacetophenone were obtained. We have inde- 
ariableg pendently confirmed this by the synthesis of 7-hydroxy-2-pheny]l- 
<amine] 4methylphenopyrylium chloride by direct condensation of aceto- 
found] phenone and resacetophenone in the presence of alcoholic hydrogen 
neither§ chloride, a reaction which absolutely excludes the possible form- 
tained. § ation of the isomeric 7-hydroxy-4-phenyl-2-methylphenopyrylium 
olecule § chloride. Although the yield in this reaction is very small, sufficient 
This § material was isolated to identify the compound both by its reactions 
1 even § and by means of a mixed melting point of its iron chloride double 
c acid§ salt with a specimen of the same salt prepared by the ordinary 
esence § method. 
in the§ y-Styryl Derivatives—These compounds are best prepared by the 
orate, @ direct condensation of the resorcinol-free pyrylium chloride with 
entity § the required aldehyde in hot alcoholic solution by means of dry 
pared, § hydrogen chloride, this being led in at a rate sufficient to maintain’ 
1 this the mixture at the boiling point. At first the chloride goes into 
resor- § solution, this acquiring a deep red colour, and after a short time 
small § the styrylpyrylium salt commences to separate as a red, micro- 
ng to§ crystalline sludge. The reaction proceeds smoothly and there is 
on of § little doubt that the reactivity of the methyl group in the y-position 
is certainly not less than in the «-position. The yield of crude 
woyl- § condensation product obtained in this way amounts to between 
using § 0 and 60 per cent. of that required by theory, depending on the 
loyed § aldehyde employed. On dilution of the mother-liquors with water, 
slight § red or orange-coloured amorphous precipitates are thrown out of 
: the f olution in amount approximately sufficient to account for the 
le (I) { remainder of the reactants. These substances, which we have been 
This § mable to purify sufficiently for accurate analysis, although con- 
_ but § taining chlorine, fail to give the characteristic reactions of pyrylium 
I), agsalts. If, however, such products are again condensed in the usual 
manner with a further molecule of the respective aldehyde, the 
normal pyrylium salts are now obtained. Moreover, by increasing 
the proportion of aldehyde in the original reaction mixtures, the 
.) yield of the styrylpyrylium chloride is increased, whilst the produc- 
tion of the amorphous compound is correspondingly suppressed. 
It would thus seem as though the latter substances were definite 
the § intermediate additive products of the original chloride with the 
cker § aldehydes. 
The 4-styrylpyrylium chlorides are obtained as highly coloured, 
crystalline salts, perceptibly less soluble in solvents than the 2-styryl 
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derivatives, but, apart from this, they are peculiarly similar in their 
reactions. The most striking property is the extraordinarily 
intense blue colour developed when the red alcoholic solution of 
4’-hydroxystyrylpyrylium chloride (IV) is treated with either dilute 
sodium hydroxide or sodium carbonate. The corresponding 
4’-methoxy-salt (III), on the other hand, maintains the red colour 
unimpaired. This property of the hydroxy-salt agrees absolutely 
with the views expressed in our previous communications, where 
the production of a blue colour with the analogous 4’-hydroxy. 
2-styrylpyrylium chloride was attributed to the formation of 
quinonoid anhydro-base. In the present case, this is equally 
possible, the anhydro-base having the structure shown in (V). 


CH:CH-C,HyOMe H:CH-C,H,0H 
ff ¥ Non oH 
(II1.) HO. rN JPh nol Ph (IV,) 
iv, vs 
Cl Cl 
CH-CH:0,H,:0 


If the alcoholic alkaline blue-coloured solution of this anhydro-base 
be diluted, the pyrylium colour base (X) will be precipitated, an 
equilibrium apparently existing between these two forms. 

Attention has already been directed (Buck and Heilbron, loc. cit.) 
to the remarkably similar colour changes exhibited by the antho- 
eyanidin chlorides, and the conclusion was drawn that these natural 
pigments must almost certainly contain a free hydroxyl group in 
the 4’-position of the 2-phenyl group. Thus the change in colour 
from red to violet or blue exhibited by cyanidin chloride (VI) on 
treatment with alkali would be due, according to our views, to 
change in structure from the pyrylium to the pyronequinonoid 
form (VII), and not to the formation of a phenol-betaine (VIII), 
as suggested by Willstitter. 


OH “4 OH 7 
(vi) 6 \Z% \o-on OH /\/-\oc-on yet (VIL) 
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In the present series, the analogy is even more striking, for 
whereas in the 2-styryl series, where no hydroxy! group was present 
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in the 7-position, the colour changes could be induced by water 
alone, 4’ : 7-dihydroxy-2-phenyl-4-styrylbenzopyrylium chloride 
requires, just as the anthocyanidins do, an alkaline medium such 
as sodium carbonate to bring these about. Were these colour 
transformations due to phenol-betaine formation, then there is no 
reason why the 4’-methoxy-compound (III), which theoretically 
could readily yield a betaine (Formula IX), should not produce a 
violet solution in alkaline media. 


OH 7 CH:CH-C,H,-OMe 


ee AN\/ ‘No. ‘OH OH /\/\ew (IX.) 
MA Aon KA AP 


Colour Bases.—In the case of the 2-styryl derivatives, it was 
impossible to prepare colour bases analytically pure, but in the 
present series this has been accomplished by two distinct methods. 
Aqueous pyridine reacts with both the 4’-hydroxy- and 4’-methoxy- 
chlorides, producing crystalline deposits of the normal colour 
bases. These, we suggest, are analogous in constitution to the 
corresponding chlorides. Thus the 4’-hydroxy-compound would 
possess the constitution (X). Proof of this is supplied by the fact 
that this base dissolves in alcohol with a bright red colour. Were it 
the quinonoid anhydro-base plus water, a blue colour should be 
produced directly, but this is actually obtained only after making 
alkaline with a few drops of either sodium hydroxide, sodium 
carbonate, or ammonia. Again, it might be argued that the base 
has actually the betaine structure (XI) together with water of 
crystallisation, but this is, in our opinion, improbable owing to the 
instantaneous colour change effected by such mild reagents as 
sodium carbonate or ammonia. 


CH-CH-C,H,OH CH-CH-C,H,OH 
(X.) ‘if ¥ “Nox ( ¥ “Nox (XI.) 
BO /\7™ ae ae 
OH an. 


The second method of preparation consists in using potassium 
acetate. In the case of the 4’-hydroxy-chloride, this procedure 
gives a base different in appearance from, but identical in reactions 
with, the colour base previously mentioned. With the 4’-methoxy- 
chloride, however, a base is obtained for which analysis indicates 
the structure of a colour or carbinol base less one-half molecule of 
water. This compound is possibly an ether of the type postulated 
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by Dilthey (J. pr..Chem., 1917, [ii], 95, 107). The same substancg 
is also produced by heating the chloride with pyridine for a short 
time and then adding water. Further, if the 4’-hydroxy-chloride 
be treated according to this latter method, a base of analogous 
composition will also be obtained. This gives a faint green colour 
with dilute sodium hydroxide or ammonia, but not with sodium 
carbonate, and is certainly different in structure from the true 
colour base. 

Finally, it must be mentioned that no indication of the existence 
of carbinol bases has been observed. 


EXPERIMENTAL. 
7-Hydroxy-2-phenyl-4-methylbenzopyrylium Chloride. 


Resorcinol Additive Compound.—This is obtained by following 
Biilow and Wagner’s instruction (loc. cit.), in which glacial acetic 
acid is employed as solvent. Recrystallised from 50 per cent, 
alcohol containing a small quantity of hydrochloric acid, yellowish- 
brown crystals of the complex chloride are obtained. On other 
occasions, glistening violet crystals separate out, but intermediate 
Shades also exist. Thus a pale yellow modification is usually 
obtained on crystallisation from glacial acetic acid containing 
hydrogen chloride. Despite the different appearance of the various 
specimens, analysis shows them all to have the same com- 
position. The chloride, which darkens on heating above 200°, 
melts at 232—233°. It dissolves in hydrochloric acid, acetic acid, 
or acetone with a yellow colour, aqueous or alcoholic solutions being 
orange-red, whilst in concentrated sulphuric acid a marked fluores- 
cence is observed. It might be mentioned that, when equimole- 
cular proportions of resorcinol and benzoylacetone are used in the 
reaction, unchanged benzoylacetone can be isolated from the 
reaction mixture. On the other hand, when one and a half molecules 
of resorcinol are used, the yield of the pyrylium addendum compound 
is correspondingly increased (Found: C = 69:7; H = 5-0; Cl = 10-7. 
C,,H,,0,Cl,4C,H,O, requires C = 68-6; H = 49; Cl = 10°8 per 
cent.). 

Isolation of Resorcinol from the Additive Compound.—Twenty 
grams of the pure pyrylium chloride resorcinol complex are heated 
on the water-bath with an excess of 12 per cent. perchloric acid, 
and, after filtering from the insoluble perchlorate, the solution is 
thoroughly ‘extracted with ether. The ethereal solution is dried 
over anhydrous sodium sulphate and, after removal of the solvent, a 
yellow oil which rapidly solidifies is obtained. A portion of the 
solid recrystallised from light petroleum gave no depression of 
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melting point when mixed with a specimen of pure resorcinol, and 
its identity was definitely established by the preparation of the 
dibenzoyl derivative. Yield about 3 grams. The anhydrous 
perchlorate, after recrystallisation from glacial acetic acid and 
drying in a vacuum at 100°, forms a pale chrome-yellow, crystalline 

wder. A solution in absolute formic acid shows a strong “ uran- 
jum” fluorescence. On heating, the compound puffs violently; 
for analysis, it was mixed with powdered quartz (Found : C = 56-7; 
H=4-1. C,gH,,0,Cl requires C = 57:1; H = 3-9 per cent.). 

Preparation of Resorcinol-free Chloride.—Eleven grams of resorcinol 
and 16 grams of benzoylacetone are dissolved together in 40 c.c. of 
80 per cent. formic acid and the solution is saturated with hydrogen 
chloride, the temperature being kept low by cooling in water. A 
fine crystalline deposit gradually separates, and, after standing 
over-night, the product is recrystallised from 50 per cent. hot 
aqueous alcohol, a small quantity of hydrochloric acid being after- 
wards added to the filtered solution. Light brown crystals of the 
anhydrous chloride are thus obtained. Recrystallisation of the 
crude product from dilute hydrochloric acid again yields the anhy- 
drous chloride, which separates under these conditions in bright 
yellow crystals which dry to a greenish-yellow powder (Found : 
C= 69-9, 70:3; H=4-9, 4:9; Cl= 13-4. C,,H,,0,Cl requires 
C= 705; H=4-8; Cl = 13-0 per cent.). If, on the other hand, 
the anhydrous chloride is crystallised from aqueous alcohol at a 
somewhat lower temperature, the hydrated chloride is produced as 
a mustard-yellow, crystalline product (Found: C= 65-7; H= 
54; Cl= 12-6. ©,,H,0,Cl,H,0 requires C = 66-1; H = 52; 
Cl = 12-2 per cent.). The interconversion of the anhydrous and the 
hydrated chloride has proved to be a very finely balanced reaction, 
and appears to depend on extraordinarily small differences of 
concentration and temperature. 


7 - Hydroxy -4'- methoxy -2- phenyl -4- styrylbenzopyrylium Chloride 
(Formula IIT). 


Twenty-two grams of 7-hydroxy-2-phenyl-4-methylbenzo- 
pyrylium chloride are suspended (partial solution) in 120 c.c. 
of hot absolute alcohol and, after the addition of 10-2 grams 
(1 mol.) of p-methoxybenzaldehyde, the mixture is treated with 
dry hydrogen chloride at a rate sufficient to maintain it at its 
boiling point. The whole soon forms a deep red solution, from 
which a red, crystalline deposit of the 4’-methoxy-chloride soon 
commences to separate. After standing over-night, the product 
is filtered off and extracted with hot 70 per cent. alcohol containing 


hydrochloric acid in order to remove unchanged material. The 
4Q2 


° 
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crude chloride, which weighs 22 grams, is purified by recrystallisation 
from 80 per cent. formic acid, the solution again being saturated 
with hydrogen chloride. On diluting the original alcoholic mother. 
liquors with water, 5 grams of an amorphous, red substance are 
precipitated. This compound, which is not a true pyrylium salt, 
was not further investigated. 

The styrylpyrylium chloride, when freshly prepared, is red, but, 
on drying, rapidly loses solvent, yielding reddish-violet, glistening 


crystals having a fine blue reflex which decompose violently at | 


263°. It is moderately soluble in alcohol, acetic acid, or formic 
acid, giving deep red solutions, and practically insoluble in water 
and in dilute hydrochloric acid. When the alcoholic solution is 
treated with sodium carbonate or potassium acetate, red flocks 
of a base are precipitated, whilst dilute sodium hydroxide solution 
produces a red solution changing to orange in presence of excess of 
the reagent. For analysis, it was dried at 100° (Found : C = 73'8; 
H=50; Cl=9-1. C.4H,0,Cl requires C= 73:8; H = 49; 
Cl = 9-1 per cent.). 

The perchlorate is obtained by the addition of 20 per cent. per- 
chloric acid to a solution of the chloride in formic acid. It forms 
violet-red crystals only very sparingly soluble in alcohol or formic 
acid (Found: C = 63-6; H = 4-5. C,,H,,0,Cl requires C = 63:4; 
H = 4-2 per cent.). 

The ferripyrylium chloride is obtained by dissolving 3 grams of 
the chloride together with 4 grams of commercial ferric chloride 
in 130 c.c. of hot glacial acetic acid. The crystalline product which 
separates on cooling is purified by recrystallisation from glacial 
acetic acid. It forms tiny, glistening, violet needles (m. p. 199°) 
sparingly soluble in cold, moderately soluble in hot formic acid or 
acetic acid. It is only very slightly soluble in alcohol or chloroform, 
but extraordinarily soluble in acetone, giving an intensely red 
solution (Found: C = 513; H=3-4; Fe= 10-1. C,,H,,0,Cl,Fe 
requires C = 52-1; H = 3-4; Fe = 10-1 per cent.). 

7-Hydroxy-4'-methoxy-2-phenyl-4-styrylbenzopyrylium hydroxide is 
formed by treating 1-5 grams of the pure chloride with 10 c.c. of 
pyridine together with 4 c.c. of water. On very gently warming, 
the liquid develops a deep ruby-red colour and, on the careful 
addition of more water, fine crystals of the base separate. After 
filtering and repeatedly washing with water, during which process 
the crystalline structure is usually destroyed, the base is obtained 
as a reddish-brown powder with a distinct golden-bronze reflex. 
It is somewhat sparingly soluble in glacial acetic acid or alcohol, more 
readily soluble in formic acid, the solutions being deep red in colour. 
The addition of alkali to the alcoholic solution produces only a 
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brighter red tinge, no violet or blue colour being developed. The 
compound, in common with the rest of the series, rapidly gains 
weight on the balance, and all analytical specimens were dried at 
100° (Found: C= 77:2; H=53. C,H 0, requires C = 77-4; 
H = 5:3 per cent.). 

By employing potassium acetate in place of pyridine, a product is 
obtained giving analytical results corresponding to an ether. The 
preparation is as follows: 1-0 gram of the chloride, suspended in 
30 c.c. of absolute alcohol, is treated with 10 grams of potassium 
acetate dissolved in 150 c.c. of water. The light red, flocculent 
precipitate which separates is filtered off and washed with water 
until the washings are free from chloride. After drying at 100°, 
the compound forms a light purple-brown powder, moderately 
soluble in formic acid or alcohol with a deep red colour. The latter 
solution gives an orange-red colour with dilute sodium hydroxide. 
This same product can alse be obtained by dissolving the chloride 
in pyridine, heating the solution for a few moments, and precipi- 
tating with water (Found: C = 79-4; H= 5-2. 2C,,H,,03,H,O 
requires C = 79-3; H = 5:2 per cent.). 


4’ : 7-Dihydroxy-2-phenyl-4-styrylbenzopyrylium Chloride 
(Formula IV). 

22-0 Grams of pure chloride are partly dissolved in 80 c.c. of 
hot methyl alcphol and, after the addition of 9-2 grams (1 mol.) 
of p-hydroxybenzaldehyde, the mixture is saturated with hydrogen 
chloride, when a dark red liquid is formed, from which red crystals 
rapidly separate. These are filtered off after four hours and 
thoroughly washed with 50 per cent. alcohol containing hydrochloric 
acid. The crude chloride, which weighs 13 grams, is recrystallised 
from absolute formic acid, in which it is fairly soluble. It separates 
from this solvent in red, prismatic crystals which, on drying, change 
to bluish-black, due to loss of solvent, and melt with decomposition 
at 265°. It is only very sparingly soluble in glacial acetic acid or 
alcohol, and practically insoluble in dilute hydrochloric acid. 
Treated with a few drops of dilute sodium hydroxide, the deep red 
alcoholic solution becomes intensely blue, changing on dilution with 
water first to violet and then to deep ruby-red. In presence of 
excess of sodium hydroxide solution, the compound is rapidly 
decomposed. With dilute sodium carbonate, a similar blue colour 
is developed, passing on further dilution into violet with deposition 
of the colour base. With ammonium hydroxide, on the other 
hand, the blue colour persists on further addition of the reagent. 
The solution in cold concentrated sulphuric acid is orange-red, 
showing at high dilution a weak greenish-yellow fluorescence 
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(Found: C=731; H=46; Cl=9-5. C,3H,,0,Cl requires 
C= 733; H=4-5; Cl=9-4 per cent.). The perchlorate, which 
is prepared as previously described, separates as reddish-violet 
erystals which, on drying at 100°, lose formic acid, yielding a greyish- 
blue product. The colour reactions are similar to those shown by 
the chloride (Found: C = 62-7; H=4-2. C,3H,,0,Cl requires 
C = 62-6; H = 3-8 per cent.). The double ferrichloride is prepared 
by dissolving 3-0 grams of the chloride in 100 c.c. of glacial acetic 
acid. After recrystallisation from this same solvent, it is obtained 
as a light maroon, crystalline mass containing acetic acid, which 
is completely lost at 100°. The solvent-free salt forms almost 
black masses of glistening needles having a dull green reflex (m. p. 
225—227°). It is moderately soluble in both hot acetic and formic 
acids, but, like the corresponding methoxy-iron salt, is extra- 
ordinarily soluble in cold acetone. The alcoholic solution gives 
with dilute sodium hydroxide the characteristic blue solution, 
strictly analogous to that produced from the chloride itself (Found ; 
C= 514; H=3-4. C,.H,,0,Cl,Fe requires C = 51-2; H = 32 
per cent.). 

4’ : 7-Dihydroxy-2-phenyl-4-styrylbenzopyrylium hydroxide (X) is 
prepared in a precisely similar manner to that used in the preparation 
of the corresponding methoxy-base. After drying at 100°, it is 
obtained as a reddish-brown powder, having lost its crystalline form 
during washing and drying. It dissolves in formic aid, acetic acid, 
or alcohol with a red colour. The alcoholic solution produces 
exactly the same blue colours with alkalis as the chloride itself 
(Found: C=768; H=5l. (©,3H,,0, requires C = 77:1; 
H = 5-0 per cent.). If potassium acetate is employed in place of 
pyridine, the base is obtained in the form of a maroon-coloured 
powder having a pronounced greenish-golden sheen. This substance 
gives the same reactions as the above base, but does not appear to 
be identical, although the analytical results are the same (Found : 
C= 77:1; H = 5:3 per cent.). As in the case of the methoxy- 
compound, a base with a higher carbon value can be isolated by 
heating the chloride with pyridine and then adding water. A 
chocolate-coloured powder is thus obtained, giving orange-brown 
solutions in formic acid and alcohol. No blue colours are, however, 
produced when a solution in the latter solvent is treated with 
alkalis. Ammonium and sodium hydroxides give weak green 
colours, whilst with sodium carbonate a reddish-brown coloration 
is produced. The analytical figures agree well with those required 
for an ether, but we have been unable to determine the exact 
composition of this substance (Found: C=788; H=5. 
2C.3H ;,03,H,O requires C = 79-1; H = 4-9 per cent.). 
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In conclusion, one of us (J.S8.B.) wishes to acknowledge his 
indebtedness to the Royal Commissioners for the Exhibition of 
1851 for a grant which has enabled this research to be carried out. 
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(CXCI.—Muconic and Hydromuconic Acids. Part II. 
The Isomerism of the Muconic Acids. 


By Ernest HarRoLtp FARMER. 


Ix view of the concrete character of the evidence regarding van’t 
Hoff’s stereochemical principles which is to be obtained by a close 
examination of the geometrical isomerism of conjugated carbon 
compounds, it is perhaps remarkable that so little attention should 
have been directed hitherto to this subject. The requirements of 
accepted stereochemical theory are simple: a symmetrical con- 
jugated carbon compound such as muconic acid should exist in 
the geometrically isomeric forms (A, B, and C), corresponding in 

H: C——C- ‘H H- nt ce H H-C C- C-H 
HO,C-C-H H-C-CO,H H-C-CO,H H-C-CO,H H-C-CO, - HO,C-C-H 

(A) (B) (C) 


configuration with the three forms which the Hantzsch-Werner 
theory ascribes to the three benzildioximes. 

The subject has recently acquired added interest in view of a 
hypothesis regarding carbon double bonds which has been proposed 
by Lowry (this vol., p. 822). This theory, which in many respects 
resembles the polar conception of double bonds put forward by 
Eastman (J. Amer. Chem. Soc., 1922, 44, 438), is based fundamentally 
on the alternate polarity hypothesis of Lapworth and of Robinson 
oa Kermack (T., 1922, 121, 416, 427). A double bond is written 


(6 (the signs representing nuclear charges), and is stated to be 
made up of one “‘ covalency ”’ and one “ electrovalency.” A system 


of conjugated double bonds therefore becomes 6—C—C_6, and 
hence in a conjugated system “ the distinction between single and 
double bonds disappears ” (Lowry, loc. cit., p. 824). 

It is difficult to understand how the line of action of a “co- 
valency’ and that of the resultant attraction of nuclear charges 
can be laterally displaced as classical theory requires; but we may 
for the present purpose give the polar theory the benefit of this 
doubt, and suppose that the space configuration around an isolated 
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double bond of the polar type is identical with that which forms 
the accepted interpretation of the geometrical isomerism of ethylenic 
compounds. It follows that, since in conjugated compounds there 
are, in effect, three double bonds in place of two (the centre bond 
being exactly like either of the double bonds), the predictions of 
ordinary stereochemical theory must be profoundly modified. This 
is but one of many ways in which the polar theory might have 
been first examined by experiment. 

In the present paper, a description is given of a number of 
derivatives of muconic acid which have been isolated in stereo. 
chemical modifications. Ethy! a«’-dibromomuconate, for example, 
has been isolated in three modifications, and their behaviour and 
inter-relationship have been shown to be in good accord with 
classical stereochemical ideas. Indeed throughout the whole of 
this work no indication has been obtained that classical theory 
requires modification in any fundamental respect. Muconic acid 
and its derivatives are typical conjugated substances, exhibiting 
the phenomenon of | : 4-addition and displaying the abnormal 
solubility and melting point characteristic of the conjugated 
grouping; and their investigation in the light of the Lowry 
hypothesis has served to show that the consequences of the theory 
are not always borne out by experiment. 

Many unsuccessful attempts have been made by various chemists 
to obtain different forms of muconic acid, either by direct con- 
version of the ordinary form into its geometrical isomeride, or by 
the production of the acid in different ways, some of which might 
be expected to yield the unknown forms. Such being the case, 
it was thought that the stereoisomeric substituted muconic acids 
or esters might offer a better prospect of isolation, and for an 
attempt in this direction the halogenated muconic esters were 
selected. The method was suggested by an observation as to the 
remarkable ease and completeness of removal of hydrogen bromide 
from ethyl £$’-dibromoadipate by a cold alcoholic solution of ethyl 
sodiomalonate to give ethyl muconate. So rapid was this reaction 
that combination of the esters was almost totally excluded. By 
replacing ethyl sodiomalonate with sodium ethoxide or pyridine 
and utilising certain halogenated adipic esters, derivatives of 
muconic acid were readily obtained in excellent yield. 

Although the esters of ««’-dibromoadipic acid are well known 
to exist in meso- and racemic forms, the existence of stereoisomeric 
forms of other polybrominated adipic esters does not appear to 
have been noted. Ruhemann and Dufton (T., 1891, 59, 753), by 
addition of bromine to ethyl muconate, obtained a solid ethyl 
ax'B8’-tetrabromoadipate (I), and Rupe (Annalen, 1890, 256, 26), 
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by bromination of muconic acid and subsequent esterification, 
obtained a corresponding solid methyl ester. In each case, the 
production of only one product is recorded. Ethyl tetrabromo- 
adipate was prepared numerous times and by both methods; 
invariably the product consisted of almost equal quantities of a 
solid and a liquid tetrabromo-ester, the former corresponding with 
Ruhemann and Dufton’s compound. The difference in nature of 
these esters was made strikingly manifest by treatment with 
sodium ethoxide or pyridine. Each substance, under the experi- 
mental conditions described later, lost two molecules of hydrogen 
bromide and yielded an easily separable mixture of two solid 
ethyl dibromomuconates (II). Of the four substances thus 
obtained, two were identical. Thus from the two tetrabromo- 
esters arose three isomeric dibromomuconic esters : 


HBrCHBrCO,Et , on ony — GH:CBrCO,Et , on spe oFLOH 
GHBr-CHBr-CO,Et + 8 O™*= bu-cpr-co, Ee) 8 BP tT 2BtO8- 
(L) (II.) 


The contrast between the ease of removal of hydrogen bromide 
from ethyl £8’-dibromoadipate as seen above, and the inability to 
perform the similar operation with ethyl ««’-dibromoadipate except 
under the drastic expérimental conditions necessary for the pro- 
duction of muconic acid from the latter (Ingold, T., 1921, 119, 957) 
would tend to show that the halogen atoms in the isomeric dibromo- 
muconic esters occupy the a«’-positions. Further proof of this, 
however, seemed necessary, since Bode’s dichloromuconic acid 
(Annalen, 1864, 132, 95), the product of interaction of mucic acid 
and phosphorus pentachloride, has hitherto been represented, in 

fig Kt t a CCICH-CO,H fy, 
the absence of definite knowledge by the formula é CI:CH-CO,H (IIL) 

Since the results of a new examination of Bode’s reaction are 
dealt with later, it is sufficient at present to state that the correct- 
ness of the general formula II was shown in the following way. 
By the addition of chlorine to A*-dihydromuconic acid under the 
special conditions described in the experimental portion of this 
paper, the sole product was £§’-dichloroadipic acid (IV). This 
on conversion into its acid chloride with subsequent dibromination 
and esterification yielded ethyl 88’-dichloro-««’-dibromoadipate (V). 
Two forms of this ester, a solid and a liquid, were obtained, but 
the latter was very impure, showing a considerable deficiency in 
bromine. These substances should give on treatment with sodium 
ethoxide either ethyl dibromomuconates of the general formula 
(II) or ethyl dichloromuconates corresponding to the acid III, 


according as hydrogen chloride or bromide is removed. Actually, 
4.Q* 
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hydrogen chloride was removed and there resulted ethyl dibromo. 
muconates identical with those previously obtained. 


CH-CH,-CO,H _, gy, GHCI-CH,-CO,H 
CH-CH,-CO,H CHCI-CH,-CO,H 
v,) GHCLCHBr-C0,Et _, GH:CBrCO,Et qq) 
¢HCI-CHBr-CO,Et . CH:CBr-CO,Et 


The relationship of the substances obtained in the two ways is 
shown thus: 


Ethyl Ethy] dichloro- 
Ethyl tetrabromoadipate. dibromomuconate. dibromoadipate. 
m. p. 93°5° 
Solid (m. p. 70°) ——~ 
— 
28° 
W ” 
Liquid ——_< Satan 
* << ,, 123° <—— Solid (m. p. 139—140°) 


It will be noted that the intermediate form (m. p. 93°5°) was not 
obtained from the dichlorodibromo-esters and the identity of the 
most fusible form from the same source could not be verified owing 
to experimental difficulties arising out of the impurity of the 
parent ester. 

' That these substances are stereoisomerides and do not owe their 
isomerism to difference in the position of the halogen atoms is 
further shown by their interconversion; that they do not con- 
stitute an example of trimorphism similar to that manifested by 
allocinnamic acid is clear from their properties. They are com- 
paratively stable substances which can be crystallised and fused 
repeatedly without change. Higher temperatures, however, cause 
conversion of both the lower-melting forms into the least fusible 
form, but to varying extents; the reverse change cannot be brought 
about directly, nor has a means been found for the mutual inter- 
conversion of the two lower-melting forms. The extent of con- 
version during one distillation under reduced pressure, varying 
from less than 10 to about 50 per cent., indicates a considerable 
difference in stability. Considerations of this nature as well as 
differences in chemical behaviour must be taken into account in 
assigning to each geometrical isomeride its appropriate formula. 
So far as investigation has yet proceeded, differences in chemical 
behaviour between the isomerides are well marked, one clear 
instance being met with in the study of amide formation. The 
high-melting form is readily and completely converted into its 
diamide, the intermediate form does not react with ammonia under 
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similar or even more drastic conditions to yield an amide, whilst 
the low-melting form yields slowly and very incompletely a second 
diamide. If, therefore, the three isomerides be represented by 
formule as in the scheme 


ir poe C0, Et 
CH-¢ CH:¢ CH:¢ 
CO, Et Heat | Br _ Heat | Br 
| CO, Et (Less than 10 %.)_ | Br “About 50 %.) | CO,Et 
CH-¢ CHC CH:C 
Br CO, Et Br 
cis-cis. trans-trans. cis-trans. 
(m. p. 93°5°) | (m. p. 123°) | (m. p. 28°) 
No amide. CO-NH, CO-NH, 
CHC JHC 
Br | Br 
| Br ¢O-N H, 
CH.¢ CH-C 
CO:NH, Br 
(Decomp. 245°.) (Decomp. 221°.) 


@ variation in capacity for amide formation such as that found 
might be anticipated on steric grounds and would appear to be 
comparable to the difference in esterification capacity exhibited 
by the geometrical isomerides of certain substituted acrylic acids. 
It was found by Sudborough and Lloyd (T., 1898, 73, 81) that 
acrylic acids possessing the configuration (D) were, generally 
speaking, more readily esterified than those of type (E) : 


H_ GOH Hl CO.H H_ CONE, 
C=C () =6 — 

X Br Br Br (F) 
Sa ‘aga | aye GO,Hi CO,Et 
> See xe: ae 

H Br H Br H Br 


If amide formation in halogenated muconic. esters (which may be 
regarded as containing double substituted acrylic acid systems) 
follows on similar lines, then the behaviour of the trans-trans-form 
in yielding an amide readily and that of the cis-cis-form in failing 
to yield one at all, is explicable. From a cis-trans-form, however, 
an amic-ester (F) might perhaps be expected; actually, as seen 
above, no such substance was recognised. 

The suggested classification of the ethyl dibromomuconates, 


although it rests at present on very meagre evidence, is in strict 
4Q*2 
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correspondence with the Straus classification of the three dipheny]- 
butadienes (Annalen, 1905, 342, 214) as regards ease of conversion 
of the isomerides. In both cases, the relative stability of the forms 
increases from the cis-trans through the cis-cis to the trans-trans. 

The desire to obtain halogenated muconic esters in considerable 
quantities for synthetical purposes led to the reinvestigation of the 
reaction between mucic acid and phosphorus pentachloride pre- 
viously referred to. By heating the substances in the proportion 
represented by the equation 
HO,C-[(CH-OH],°CO,H +- 6PC], = 

C,H,Cl,(COCI), -+- 6POCI, + 8HCl, 

and pouring the product into water, Bode (loc. cit.) obtained a 
dichloromuconic acid in a yield of 35 per cent. of that theoretically 
possible. The reaction was later investigated by Ruhemann and 
Elliot (T., 1890, 57, 932; 1891, 59, 26), with the result that-along 
with a 25 per cent. yield of Bode’s acid a quantity of a second 
dichloromuconic acid was isolated. It was suggested that the 
acids represented trans- and cis-forms, respectively, since the 
latter changed into the former in the presence of a trace of bromine. 

In order to account for the very poor yields obtained, it was 
decided to isolate the products of the reaction as esters. Accord- 
ingly, after removal of phosphoryl chloride, the acid chloride was 
poured into alcohol. The product was invariably found to consist 


of four substances : 
Yield. 
(1) Ethyl dichloromuconate, m. p. 96° ...........ssesseeseesecees 30 per cent. 


(2) 55 GRID sncdhdbavccsussérensbbiines \ 3g 
ae trichloromuconate CUED |  Rdsrnasinieanonctsimemnepas j >» 


(4) Low-boiling halogenated ester not further investigated 25 ,,  ,, 
The first of these substances corresponded with the esterification 
product of Bode’s acid (Wichelhaus, Annalen, 1865, 135, 251; 
Bell, Ber., 1879, 12, 1273) and yielded this acid on hydrolysis. 
The second and third products were obtained together as an oil 
from which moderately pure specimens of the components were 
obtained only after exhaustive fractionation. It was found, 
however, that ethyl trichlorohydromuconate loses hydrogen chloride 
with the greatest facility; thorough shaking with aqueous ammonia 
is sufficient to accomplish this, but pyridine was found to be more 
convenient. By decomposition of the trichloro-ester, a mixture of 
the two ethyl dichloromuconates was obtained from which the pure 
substances were readily isolated. Corresponding substances were 
obtained when ethyl alcohol was replaced by methyl alcohol. 
Thus the following halogenated muconic esters were obtained : 


Ethyl dichloromuconate, m. p. 96°. Methyl dichloromuconate, m. p. =. 
18° . 


a ” 9 ° ” ” ” 
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The examination of large quantities of material did not reveal the 
presence of a third isomeride in either series, but this is not sur- 
prising in view of the vigorous nature of the reaction. Attempts 
to obtain the missing forms in a way analogous to that by which 
the dibromomuconic esters were obtained were frustrated by lack 
of success in synthesising tetrachloroadipic acid or its esters in 
adequate quantities. 

On reduction with zine and acetic acid, each pair of isomeric 
esters yielded only one Af-dihydromuconic ester. This behaviour 
is similar to that of the two less fusible ethyl dibromomuconates, 
which with the same reagent or with zinc and alcohol both gave 
rise to the same ethyl A®-dihydromuconate. Further, contrary to ‘ 
expectation, the trichlorohydromuconic esters also yielded esters 
of A’-dihydromuconic acid, the first stage in the process being 
apparently the loss of hydrogen chloride : 


RO,C*CHCI-CHCI-CH:CCI-CO,R —> RO,C-CCI:CH-CH:CCI-CO,R —> 
(VI) RO,C:CH,*CH:CH-CH,:CO,R- 
(VIL.) 


The latter fact is of considerable importance practically. By the 
method outlined above, the yield of substances from which 
A8.dihydromuconic esters are directly obtainable with ease is 
increased from 25 to 70 per cent. of that theoretically possible. 
Since the mixture of crude halogenated esters may be reduced 
without purification, the method is of great convenience in the 
rapid preparation of considerable quantities of hydromuconic esters. 
No method of reduction which involved dechlorination only was 
discovered; the reduction of all the halogenated muconic esters 
proceeded with such vigour, compared with that of unsubstituted 
muconic esters, that it could not be arrested at an intermediate 
stage. 

In properties, the dichloromuconic esters correspond closely to 
the two ethyl dibromomuconates for which trans-trans- and cis-cis- 
configurations were suggested. The degree of conversion of the 
more fusible into the less fusible form on distillation was of a 
similar low order, but each of the chloro-esters yielded an amide. 
The formation of amides from forms possessing a cis-cis-structure 
is probably a reflection of the difference in steric effect subsisting 
between chlorine and bromine. 

The appearance of considerable amounts of trichlorohydro- 
muconic esters among the products from the mucic acid reaction 
makes it fairly certain that the latter is first converted into tetra- 
chloroadipic acid, which subsequently loses hydrogen chloride. 
This being so, analogy with the method of production of the ethy] 
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dibromomuconates indicates the probability of the ««’-position 
of the chlorine atoms which remain in the molecule (VII). Radu. 
lescu (Chem. Zentr., 1908, i, 1832), however, unlike previous workers, 
asserts the correctness of formula III on the grounds that ethy]| 
dichloromuconate yields a disodio-derivative and when submitted 
to Cannizzaro’s reaction gives rise to a small yield of diacetyl. 
The former of these statements has been tested and it was found 
that treatment of the ester with*a solution of sodium in alcohol 
gave rise to a copious precipitate, not of a disodio-derivative, but 


of the sodium salt CH-CCI-CO,Na (VIIT), which on acidification 


CH:CCI-CO,Et 
‘ yielded ethyl hydrogen dichloromuconate.* 
In Part I (T., 1922, 121, 2015), the author, from the study 
of the addition of esters to ethyl muconate, was led to suggest 
the view that what was in effect 1 : 3-addition, 


EtO,C-CH:CH-CH:CH-CO,Et ix Et0,C-CH:CX-CH,-CH,*CO,Et, 


might be in reality such addition, rather than that of the 1 : 2-type 
followed by rearrangement of tne valencies. Subsequent work on 
the esters of muconic and hydromuconic acids, however, indicated 
that this phenomenon arose in a way which was not dependent 
on a muconic system comparable in its internal mobility with the 
glutaconic system. Indeed, it became evident that the unsaturated 
system in ethyl muconate was little different from the ordinary 
type, and ought therefore to exhibit geometrical isomerism. Since 
it is intended to deal with this question of addition in a subsequent 
paper of this series, it need only be stated that apart from the 
failure of all attempts to prepare them—a circumstance which lent 
weight to the conception of a basic system of very mobile type 
(Ingold, T., 1922, 121, 1312), there was a priori no reason why 
the isomeric forms of the muconic esters should not be capable of 
existence. When, later, the dibromomuconic esters described 
above were obtained it seemed possible that the isomeric muconic 
esters might be obtainable by similar methods. 

By addition of bromine to methyl A*-dihydromuconate, two 
methyl £@’-dibromoadipates were obtained. This addition was 
effected by Rupe (loc. cit.), but only one product (m. p. 78°) was 
obtained which, apparently through lack of recrystallisation, did 
not represent a single form. Similarly, two ethyl] dibromoadipates 
were obtained, although Ruhemann and Blackman (T., 1890, 57, 
372) record the production of only one (m. p. 64°). Since both the 


* Further evidence as to the correctness of the aa’-position of the halogen 
atoms has since been gained in investigating the behaviour of chloromuconic 
esters with ethyl sodiomalonate. 
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methyl esters were solid and readily purified, their employment 
was most convenient in attempts to obtain isomeric muconic esters. 
Almost quantitative removal of hydrogen bromide was effected 
poth by pyridine and alcoholic sodium methoxide, although the 
former reagent was preferable. In this way, isomeric methyl 
muconates were obtained : 


Methyl dibromoadipate, m. p. 95°» Methyl muconates, m. p. 156° and 75°. 
—s fa B » 156° and 75° 


and a liquid ester. 


” 9 9 


Ethyl dibromoadipates yielded corresponding products, but only 
from the solid ester (m. p. 64°) were the latter completely separable. 
Ethyl dibromoadipate, m. p. 64° —-> Ethyl muconates, m. p. 62° and 13°. 


b. p. 186°/16 mm, —> Ethyl muconates, m. p. 62° 
and a liquid ester. 


The small amount of liquid ester which was obtained from the 
lower-melting methyl] dibromoadipate was thought to represent a 
third isomeride, but owing to experimental difficulties this could 
not be verified. 

Hydrolysis of the new form of methyl muconate with alkali 
yielded an unsaturated dibasic acid which must be considered a 
second muconic acid; accompanying this, however, was an isomeric 
but monobasic acid which appeared to be lactonic in nature. For 
this the formula IX seemed probable, but on direct comparison 

CH°CH:-CO 
| 70% (IX.) 
CH-CH,°CO,H 


with a substance to which this formula was assigned by Ruhemann 
(T., 1890, 57, 940) the two acids appeared to be distinct. Further 
investigation on this point is needed, Ruhemann’s product being 
ill-defined ; according to his account, it changed on recrystallisation 
so much that no definite melting point could be assigned. 


EXPERIMENTAL, 
(A) Esters of Halogenated Adipic Acids. 


Ethyl ««'8@’-Tetrabromoadipate.—This substance was most con- 
veniently prepared from ethyl muconate by Ruhemann’s method 
(loc. cit.), the product being purer than that obtained by Rupe’s 
process (loc. cit.). The chloroformic solution of the brominated 
ester was shaken with very dilute sodium bicarbonate solution, 
taken up in ether, and dried with calcium chloride. After gentle 
heating to remove the ether, the chloroform was distilled in a 
vacuum. The solid tetrabromoadipic ester which separated on 


2540 FARMER: MUCONIC AND HYDROMUCONIC ACIDS. 


standing was filtered off. The filtrate deposited more crystals on 
further standing; the process of allowing these to accumulate for 
a few days and then removing them by filtration was repeated 
until no more solid would separate. The final filtrate was a viscous, 
reddish-brown oil which decomposed on heating. It was freed 
from volatile matter by leaving in an evacuated desiccator for a 
week (Found: Br= 58-9. Cj, 9H,,0,Br, requires Br = 61-7 per 
cent.). 

The solid ester crystallised from alcohol in large, well-formed, 
hexagonal prisms melting at 70°. In view of the different products 
obtained from this ester, its homogeneity was examined by sub- 
mitting 60 grams of the substance to careful fractional crystallis- 
ation. No variation in melting point or crystalline form could be 
detected in any of the numerous fractions obtained. The total 
yield was excellent, the solid portion being slightly in excess of 
the liquid. 

88’-Dichloroadipic Acid.—The action of chlorine on an acetic 
acid suspension of A*-dihydromuconic acid was examined as a 
possible source of dichloroadipic acid (Ruhemann, T., 1890, 57, 
939).: This method was found to be unsuitable, only a small 
fraction of the product being dichloroadipic acid. The remainder 
was chlorohydromuconic acid (m. p. 119°), similar to that obtained 
by Ruhemann when an aqueous solution of hydromuconic acid 
was chlorinated (Found: Cl = 19-6. Cale., Cl = 19-8 per cent.). 
When, however, the acid was suspended in concentrated hydro- 
chloric acid and kept saturated with chlorine for six to eight hours, 
conversion into the dichloro-acid was nearly complete and there 
was no formation of chlorohydromuconic acid. The product was 
recrystallised from boiling water, when it was obtained as a coarsely 
crystalline, white powder, m. p. 212° (Found: Cl = 32:5. 
C,H,0,Cl, requires Cl = 33-0 per cent.). The rather low halogen 
content was due to a trace of unchanged hydromuconic acid. 

Ethyl 8'-Dichloro-««'-dibromoadipate—88'-Dichloroadipic acid 
(1 mol.) was warmed on a steam-bath with phosphorus penta- 
chloride (2 mols.) until reaction was complete. Bromine (2 mols.) 
was then added in portions, and the heating continued until no 
free bromine was left. ‘The cooled product was poured into ice-cold 
alcohol and kept over-night. The resulting ester was isolated in 
the usual way. A mixture of solid and liquid ester was obtained ; 
separation was effected in precisely the same way as with ethyl 
tetrabromoadipate. The solid dichlorodibromoadipic ester was 
only moderately soluble in boiling alcohol, from which it separated 
on cooling in long, ragged, colourless prisms, m. p. 139—140° 
(Found: Total silver halide = 99-4 per cent. of that required by 
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the formuia C,9H,,0,Cl,Br,). The liquid could not be distilled 
and wken purified as completely as possible showed a serious 
deficiency of halogen (Found: Total silver halide = 86-4 per cent. 
of that required). 

Esters of A?-Dihydromuconic Acid.—These substances, which 
were required in considerable quantity for the synthesis of 
9’-dibrominated adipic esters, were obtained by three methods: 
(1) Muconic acid, prepared by the method of Ingold (T., 1921, 
119, 966), was reduced with sodium amalgam under essentially the 
same conditions as those employed by Baeyer and Rupe (Annalen, 
1890, 256, 26), but allowing of the treatment of 100 grams of acid 
at one time. The acid, recrystallised from boiling water, was 
esterified with alcohol and sulphuric acid. The loss of material 
during reduction and esterification was insignificant, but the series 
of processes entailed in the synthesis of muconic acid rendered the 
method very expensive in time. (2) The muconic esters obtained 
as reaction products in the experiments described hereafter were 
directly reduced by dissolving them in glacial acetic acid, heated 
on a Steam-bath, and adding zinc dust from time to time. By using 
excess of zinc dust and shaking the mixture frequently reduction 
was effected in about three hours. The ester and acetic acid were 
taken up in a large volume of ether, the acetic acid was removed by 
washing with water and sodium carbonate, and the ester, after 
drying and removal of the solvent, fractionated. The esters 
obtained in this way usually contained small amounts of unreduced 
material. In the case of the methyl ester, the bulk of this could 
be removed by freezing the ester and filtering off the impurity 
which remained undissolved when the temperature had been 
allowed to rise. (3) The mixture of esters obtained by the inter- 
action of mucic acid and phosphorus pentachloride was usually 
distilled once, and the appropriate fraction (155—170°/14 mm.) 
reduced by dissolving it in glacial acetic acid and adding zinc 
dust. In contrast to the reduction of the muconic esters, the 
development of heat was so great that the violence of the reaction 
needed moderating by cooling. When the further addition of 
zinc to the well-shaken mixture caused no further development of 
heat, the mixture was kept for half-an-hour and then worked up 
as above. The methyl and ethyl A®-dihydromuconates were obtained 
as colourless, highly refractive, mobile liquids which solidified 
completely in a freezing mixture and boiled at 125°/14 mm. and 
133°/11 mm., respectively. 

Methyl 88’-Dibromoadipate.—The two forms of this substance 
were obtained by gradually adding slight excess over the theoretical 
quantity of bromine to an ice-cold solution of methyl] A‘-dihydro- 
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muconate in carbon tetrachloride. As soon as the addition was 
complete, the product was washed with dilute sodium bicarbonate 
solution and water and dissolved in ether. The dried ethereg] 
solution yielded an oil, rather more than half of which solidified, 
This solid material was filtered off and recrystallised from methy| 
alcohol, from which it separated in well-formed, colourless prisms, 
m. p. 93° (Rupe, m. p. 78°) (Found: Br = 48-1. Calc., Br = 48-2 
per cent.). The liquid portion of the ester solidified on cooling to 
— 25° and liquefied on resuming the room temperature, but a 
small quantity of the higher-melting form remained undissolved, 
By removing the latter and repeating the process, an ester was 
obtained which, after final recrystallisation at — 25° from a little 
methyl alcohol, remained solid at room temperature. Thus it was 
obtained as a white, coarsely crystalline powder, m. p. 43° (Found: 
Br = 48-0. C,H,,0,Br,. requires Br = 48-2 per cent.). 

Both forms of the ester distil, when pure, without appreciable 
decomposition at pressures below 15 mm., but when impure the 
decomposition is very great. 

Ethyl 88'-Dibromoadipate——The method of preparation of the 
stereoisomeric ethyl dibromoadipates was similar to that employed 
for the corresponding methyl esters. The solid form, m. p. 64°, 
readily separated and usually represented 55—60 per cent. of the 
theoretical yield. Recrystallised from alcohol or light petroleum, 
it was obtained in well-formed, colourless prisms (Found: Br = 
44:2. C,,H,,0,Br. requires Br = 44-4 per cent.). Since the 
residual oil did not solidify on cooling and in its impure state 
suffered very considerable decomposition on distillation, it was not 
obtained in a condition of complete purity. A portion which had 
been distilled (b. p. 180°/14 mm.) was analysed (Found : Br = 39-4. 
C,9H,,0,Br, requires Br = 44-4 per cent.). 


(B) The Isomerism of Ethyl ««’-Dibromomuconate. 


Ethyl cis-cis-««'-Dibromomuconate.—Both pyridine and alcoholic 
sodium ethoxide were used in the preparation of ethyl dibromo- 
muconate from ethyl tetrabromoadipate. In the case of pyridine, 
the ester was mixed with three times its bulk of pure pyridine 
and well diluted with dry benzene. After the mixture had been 
heated for about three hours on a steam-bath, the cooled product 
was poured into dilute hydrochloric acid and the mixture of bromo- 
esters worked up in the usual way. With sodium ethoxide, the 
operation could be much more rapidly conducted. The calculated 
amount of sodium (2 atoms) was dissolved in absolute alcohol and 
added, after cooling, to a solution of the tetrabromo-ester (1 mol.) 
in alcohol or in a mixture of alcohol and dry ether. Addition was 


l was 


Onate 
1erea] 
lified, 
ethy] 
‘isms, 
: 48-9 
ng to 
ut a 
ved, 
' Was 
little 
, Was 
und ; 


PART II. THE ISOMERISM OF THE MUCONIC ActIDS. 2543 


efected slowly and with thorough shaking and cooling; when 
complete, the sodium bromide was at once precipitated by the 
addition of a large volume of dry ether. Removal of the sodium 
promide by filtration and evaporation of the solvent yielded a 
mixture of the dibromo-esters. In the case of the impure liquid 
tetrabromo-ester, the unavoidable slight excess of sodium ethoxide 
caused hydrolysis, but the small amount of sodium salt produced 
was precipitated with the sodium bromide. 

The mixture of dibromo-esters obtained in either way deposited 
crystals, which were removed by filtration and recrystallised from 
alcohol. This substance, regarded as the cis-cis-isomeride, was 
obtained in colourless, prismatic needles, m. p. 93-5° (Found: 
¢= 33:90; H=353; Br= 44:85. Cj, 9H,,0,Br, requires 
(= 33°70; H = 3-40; Br = 44-90 per cent.). 

Ethyl cis-trans-««’-Dibromomuconate.—The filtrate, dissolved in 
alittle aleohol and cooled to — 25°, solidified when the containing 
vessel was vigorously scratched; liquefaction ensued when the 
mixture assumed room temperature. By repeated freezing, 
warming, and filtering as in the case of methyl dibromoadipate, 
the last traces of the ester, m. p. 93-5°, were removed. The ester 
contained in the final filtrate was recrystallised three or four times 
from a little alcohol at — 25°. It was obtained as a white, crystal- 
line powder, m. p. 28° (Found : C = 33-79; H = 3-75; Br = 44-51. 
09H ,.0,Br, requires C = 33-70; H = 3-40; Br = 44-90 per cent.). 

Ethyl trans-trans-a«’-Dibromomuconate—The liquid form of 
ethyl tetrabromoadipate, treated precisely as above, yielded in 
the first place a solid and a liquid ester. The former, recrystallised 
from alcohol, was obtained in colourless, slender needles, m. p. 
123° (Found: C = 33°85; H = 3°63; Br = 44°80. C,)H,.0,Br, 
requires C = 33°70; H=3-40; Br= 4490 per cent.). The 
liquid ester on purification as above was obtained as a white, 
crystalline solid, m. p. 28° (Found: C = 33°69; H = 3°60 per 
cent.). This substance was identical in all respects with the one 
(m. p. 28°) obtained from the solid tetrabromo-ester. 

The proportion of high-melting dibromo-ester to the low-melting 
form from each of the parent esters appeared to be originally 
about 1:4. The loss entailed in the complete purification of the 
latter form, however, was very considerable. Each of the three 
esters distilled without decomposition at temperatures which 
differed slightly (184—190°/12 mm.), but whereas the high-melting 
form (m. p. 123°) distilled without change, the remaining forms 
suffered partial conversion as described in the introduction. The 
mixture obtained by distilling the intermediate form (m. p. 93°5°) 
could not be resolved into its components by fractional crystal- 
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lisation, the extent of conversion being approximately estimated 
on the basis of melting-point depression. 

Ethyl ««'-Dibromomuconate from Ethyl @8'-Dichloro-««' -dibromo. 
adipate.—The trans-irans-ester was the sole product of the action 
of alcoholic sodium ethoxide on the solid form of ethyl dichloro. 
dibromoadipate. Treatment of the very impure liquid form of 
the latter ester with sodium ethoxide yielded in addition to ethy] 
trans-trans-dibromomuconate a liquid ester which set to a paste 
in a freezing mixture. This appeared to be a solution of the cis. 
trans-ester in an ester of quite different nature, but owing to the 
small proportion of the former and its great solubility in the impurity 
separation was not effected. Distillation of the crude substance 
after freeing as far as possible from the trans-ester resulted in the 
production of a further quantity of the latter dibromo-ester. 

ax’-Dibromomuconamide.—The trans-trans-form of ethyl aa’-di- 
bromomuconate was heated in a tightly-stoppered bottle with 
concentrated aqueous ammonia at 40—50° for three days, when 
the ester had completely disappeared. The diamide was obtained 
as a very pale yellow, crystalline powder, insoluble in water or 
alcohol. Before analysis the crude substance was boiled in turn 
with alcohol and water. It decomposed without melting, slowly 
at 245° and rapidly above 255° (Found: C= 245; H = 23. 
Calc., C = 24:2; H = 2-0 per cent.). 

The conversion of the cis-trans-ester into its amide by similar 
treatment with aqueous ammonia at 40—50° took place very 
slowly. After five days, a quantity of ester still remained un- 
changed. The diamide, which was obtained in very small yield, 
crystallised from a moderately large volume of boiling water in 
rosettes of colourless needles. These darkened above 200° and 
decomposed completely at 221° (Found: C= 244; H = 2:3. 
C,H,O,N,Br, requires C = 24-4; H = 2:0 per cent.). 

The cis-cis-ester was not readily affected by ammonia. Prolonged 
heating at 40—50° caused its gradual disappearance without the 
formation of an amide. 


(C) Esters of ««’-Dichloromuconic and a«'B-Trichlorohydromuconic 
Acids, 


Methyl ««'-Dichloromuconate——Mucic acid (225 grams) was 
heated with phosphorus pentachloride (1360 grams) on a steam- 
bath until reaction ceased. The product was then heated at 130° 
in an oil-bath, the phosphoryl chloride being allowed to distil. The 
vigorous reaction which occurred when the residue was poured into 
methyl! alcohol was moderated by efficient cooling. The solid ester 
which separated immediately was filtered off and recrystallised 
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fom methyl alcohol. It formed feathery needles, m. p. 154° 

(found: C= 399; H=34; Cl= 295. C,H,0,Cl, requires 

0=402; H= 3-4; Cl = 29:7 per cent.). 

The alcoholic mother-liquor yielded a mixture of esters which 
was Submitted to very numerous fractional distillations. Such 
procedure was quite inadequate as a means of separation for the 
bulk of the material, but it served to procure reasonably pure 
specimens of the components for identification. The mixture 
was found to contain (1) methyl dichloromuconate, m. p. 154°, 
(2) methyl dichloromuconate, m. p. 68°, (3) methyl trichloro- 
hydromuconate, and (4) a low-boiling halogenated ester, which 
was not further investigated. The second methyl dichloromuconate 
(m. p. 68°) crystallised from concentrated alcoholic solutions in 
colourless needles (Found: C= 40:15; H=3°51; Cl = 29°7. 
(,H,0,Cl, requires C = 40°2; H = 3-4; Cl = 29°7 per cent.). 

Methyl «a«’B-T'richlorohydromuconate.—This substance was ob- 
tained as a pale yellow oil (b. p. 162—163°/13 mm.) which would 
not solidify on cooling to — 25° (Found: C= 353; H = 3-2; 
(l= 38°3. C,H,O,Cl, requires C= 35:0; H=2:9; Cl= 38-7 
per cent.). It was readily converted into methyl dichloromuconate 
by shaking thoroughly with strong aqueous ammonia, but more 
conveniently by boiling with pyridine. When the once-distilled 
liquid mixture of esters from the mucic acid reaction was boiled 
for an hour with excess of pyridine, the trichloro-ester was com- 
pletely decomposed and from the solution a solid mixture of the 
two isomeric methyl dichloromuconates was obtained. On agitating 
this with dry ether, only the lower-melting form dissolved. Filtra- 
tion and removal of the solvent from the filtrate yielded the 
isomerides in almost pure condition. 

Ethyl ««'-Dichloromuconates.—These esters were prepared in a 
manner exactly analogous to the methyl dichloromuconates. The 
higher-melting form crystallised from alcohol in colourless prisms, 
m. p. 84° (Found: Cl = 26:3. C, )H,.0,Cl, requires Cl = 26°6 per 
cent.). The second form was obtained as a yellow liquid which 
on cooling solidified to a hard, crystalline mass, m. p. 28°. This 


| substance undoubtedly corresponds with the esterification product 


of Ruhemann and Elliot’s ethyl “ 8 ’’-dichloromuconate, although 
these authors state that their product did not solidify in a freezing 
mixture of ice and salt. It was found that crystallisation did not 
take place until the vessel containing the well-cooled ester was 
vigorously scratched with a glass rod (Found: Cl = 268, 
C19H,.0,Cl, requires Cl = 26°6 per cent.). 

In both the methyl and ethyl] series the higher-melting dichloro- 
muconic ester distilled without change, but the lower-melting form 
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was converted to a small but quite definite extent into its 
isomeride. 

Ethyl ««’B-Trichlorohydromuconate.— This substance accom. 
panied the isomeric ethyl dichloromuconates and lost hydrogen 
chloride under the same conditions as the corresponding methy] 
compounds and with similar results. It was obtained as a pale 
yellow oil, b. p. 163—165°/15 mm. 

Action of Sodium Ethoxide on Ethyl aa’ -Dichloromuconate.—When 
an absolute alcoholic solution of sodium ethoxide was added to a 
solution of ethyl dichloromuconate in absolute alcohol, a pre. 
cipitate rapidly formed. This substance was only sparingly soluble 
in boiling alcohol and separated from it as a white, crystalline 
powder. This was a monosodium salt of ethyl hydrogen dichloro. 
muconate (Found: Na = 8°75. C,H,0,Cl,Na requires Na = 8°81 
per cent.). 

On acidification, the aqueous solution of the sodium salt deposited 
a crystalline acid. This on recrystallisation from a mixture of 
alcohol and petroleum was obtained in colourless prisms, m. p. 134°, 
It gave figures on analysis agreeing with those required for ethyl 
hydrogen dichloromuconate (Found: C= 39°90; H = 3°43. 
C,H,0,Cl, requires C = 40°17; H = 3°35 per cent.). 

aa’-Dichloromuconamide.—From the higher-melting dichloro- 
muconic esters on treatment with aqueous ammonia at 40—50° 
a diamide was readily obtained. This substance, a very insoluble, 
white powder, was prepared for analysis by boiling in turn with 
alcohol and water. Like the dichloromuconamide prepared by 
Ruhemann and Blackman (loc. cit.), it decomposed gradually on 
heating, slowly at 250°, more rapidly at 268° (Found: C = 34°65; 
H = 2°98. C,H,O,N,Cl, requires C = 34°46; H = 2°90 per cent.). 

The two lower-melting dichloromuconic esters yielded a diamide 
which appears to be identical with the one obtained by Ruhe- 
mann and Elliot (loc. cit.) from the esterification product of their 
“8 ”’-dichloromuconic acid. It crystallised from boiling water in 
colourless needles, m. p. 232° (decomp.) (Found: C = 34°31; 
H = 312. Cale., C = 3446; H = 2°90 per cent.). 


(D) Isomerism of Muconic Esters. 


Methyl Muconate, m. p. 156°.—The removal of hydrogen bromide 
from methyl dibromoadipate, m. p. 93°, was accomplished with 
extreme ease. The vigorous reaction which set in when the latter 
was warmed at 100° with pyridine soon subsided; on cooling, the 
mixture set to a mass of crystals. Shaking with water left ordinary 
methyl muconate suspended in the aqueous liquor. This substance, 
which was in a very pure condition, was filtered off and washed 
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with water. Its identity was confirmed by direct comparison with 
anauthentic specimen and by reduction to methy] dihydromuconate. 
The yield of this substance was very constant, representing about 
77 per cent. of the theoretical. The removal of hydrogen bromide 
can also be effected with methyl-alcoholic sodium methoxide 
(dium ethoxide causes considerable conversion of methyl into 
ethyl esters) with similar results. 

Methyl Muconate, m. p. 75°.—The filtrate (above) on acidification 
and cooling in ice deposited a quantity of crystalline flakes. These 
were crystals of an almost pure, new ester. Extraction of the 
filtrate with ether yielded a further amount of this substance con- 
taminated with a little ordinary methyl muconate. In the 
recrystallisation of the new ester from light petroleum it was found 
that a trace of the ordinary ester affected considerably both the 
aystalline form and the melting point. If, however, before 
recrystallisation the crude substance was agitated with dry ether, 
the ordinary methyl muconate remained undissolved and could 
be satisfactorily separated. The soluble ester, after removal of 
the ether and recrystallisation several times from petroleum 
(b. p. 60—80°), was obtained in long, stout needles, m. p. 75°. 
Analysis showed the new substance to be a second form of methyl 
muconate (Found: C= 56°56; H= 5°80. C,H,)0, requires 
C= 56-47; H = 5°88 per cent.). The yield represented about 
16 per cent. of the theoretical. No indication of a third reaction 
product was obtained. 

Methyl dibromoadipate, m. p. 43°, also yielded the two methyl 
muconates described above on treatment with pyridine. In 
addition, a small quantity of an oily ester was obtained. Owing 
to experimental difficulties, it could not be ascertained whether 
or not this substance represented a third isomeric methyl 
muconate. 

Ethyl Muconate, m. p. 62°.—By precisely similar methods to 
those described above, isomeric ethyl muconates were obtained 
from ethyl dibromoadipate. The principal product was ordinary 
ethyl muconate (m. p. 62°), identified by its “‘ mixed melting- 
point ” and by hydrolysis. 

Ethyl Muconate, m. p. 13°.—A minor portion of the product 
from ethyl dibromoadipate consisted of an oil which solidified in 
a freezing mixture. This was recrystallised from a very small 
quantity of ethyl alcohol at — 25° and obtained as a white, micro- 
crystalline powder, m. p. 13°. The substance was still slightly 
impure, but owing to insufficiency of material it could not be 
further recrystallised (Found: C = 59°98; H = 6°92. Cj, H,,0, 
requires C = 60°60; H = 7:07 per cent.). On long standing in a 
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warm room, crystals of ordinary ethyl muconate separated from 
the liquefied ester. 

Muconic Acid.—The acid derived from the higher-melting methy| 
and ethyl muconates by hydrolysis with moderately concentrated 
sulphuric acid was deposited on slow crystallisation from a large 
volume of boiling water in well-defined, colourless plates. These 
melted on slow heating at 289° (decomp.). The higher melting 
point (8300—305°) recorded by Ingold (loc. cit.) was obtained only 
on rapid heating (Found: C= 50°89; H=431l. Calc., C= 
50°70; H = 4:23 per cent.). 

Methyl muconate, m. p. 75°, was hydrolysed by keeping it over. 
night in contact with the calculated quantity of methy]-alcoholic 
sodium hydroxide (prepared by adding water to sodium methoxide), 
The resulting white sodium salt was freed from alcohol, dissolved 
in water, and acidified. Thorough extraction with ether yielded a 
mixture of two acids the separation of which was effected by taking 
advantage of their different solubilities in dry ether and water. 
Of the two substances, one, which was very sparingly soluble in 
dry ether but readily soluble in boiling water, separated from the 
latter solvent in minute, silky crystals, m. p. 187°. This substance 
was a highly unsaturated dibasic acid conforming to the require- 
ments of a geometrical isomeride of ordinary muconic acid [Found : 
C= 5090; H=4:23. Cale, C= 50°70; H= 4:23 per cent. 
00722 neutralised 20°6 c.c. of 0°04911 N-baryta. Calc. (dibasic), 
20°6 c.c.]. 

The second substance after recrystallisation from dry ether was 
obtained as a white, crystalline powder, m. p. 93°. It was a mono- 


basic acid isomeric with muconic acid, but probably lactonic in | 


nature. Comparison with a substance regarded by Ruhemann as 
the lactone of y-hydroxy-A*-dihydromuconic acid (IX) indicated 
that the substances were different; their relationship has not yet 
been ascertained [Found : C = 50°53; H = 4:27; M (monobasic) 
= 141. C,H,O, requires C= 50°70; H=4-23 per cent.; 
M = 142). 


The author desires to express his indebtedness to the Government 
Grant Committee of the Royal Society for a grant which has 
defrayed a portion of the cost of this research; also to Professor 
J. F. Thorpe, F.R.S., and Dr. C. K. Ingold for their interest and 
encouragement during the course of the work. 
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(CXCII.—Studies in the Anthracene Series. Part VI. 
By EDWARD DE Barry BaRnert and Marcus AURELIUS MATTHEWS. 


GENERALLY speaking, there are three methods available for passing 
from an anthracene to a dianthrany!] derivative, namely, by heating 
a ms.-bromoanthrone with copper powder (K. H. Meyer, Annalen, 
1911, 379, 44), by oxidising the anthrone, for example, with ferric 
chloride (Dimroth, Ber., 1901, 34, 219), and by the pinacol reduc- 
tion of the anthrone (Barnett and Matthews, this vol., p. 380). 
It will be observed that in all three cases the anthrone serves as 
the initial material, but that whereas the first two methods lead 
to the union of the two anthracene ring systems through the 
methylene groups, the last leads to union through the cyclic 
carbonyl groups. 


~~ H.<O0>0, Hy 
a eos i, 
CHS >Cal 
CHU >CH, 


As these dianthranyl derivatives are interesting compounds, it 
was decided to undertake a systematic examination of their form- 
ation and properties, with special reference to their formation by 
the pinacol condensation, and the present communication deals 
with the chloro-compounds. 

The Bz.-chloroanthrones are best prepared by the reduction of 
the corresponding chloroanthraquinones, and for this purpose there 
are two methods available, namely, reduction with tin and hydro- 
chloric acid in boiling glacial acetic acid solution and reduction 
with aluminium powder in warm concentrated sulphuric acid 
solution. The former method does not seem to have been applied 
previously to the chloroanthraquinones, but by the latter method 
Eckert and Tomaschek (Monatsh., 1918, 39, 839) prepared several 
chloroanthrones. Their products, however, seem to have been 
extremely impure and therefore the present authors have repeated 
the greater part of their work and have compared the products 
obtained by the two methods. 

1-Chloroanthraquinone on reduction with aluminium powder and 
concentrated sulphuric acid gives an anthrone which melts at 
118° and must be 1-chloro-9-anthrone (I), since Eckert and 
Tomaschek have shown that the corresponding dianthraquinone 
(III) on exposure to light passes into 4 : 4’-dichloromesonaphtha- 
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dianthrone (IV), a compound which they were also able to obtain 
from 1 : 4-dichloroanthraquinone by converting this into dichloro. 
dianthraquinonyl (V), reducing this to the helianthrone (VI), and 
then exposing this to light : 


CO Cl co Cl 
IOP VIF. ae Shy lee CO Cl 
BE Uae Get dies | A VIOEF 
ne Wh NENA Hid ut8 
“ri (III.) r = 2s al Yf ail 
(I. 


CO (Cl 
reyes 
VY J - 
YY . (YY ~YYN 
Not a SP s/ AA? 
CO Cl CO Cl CH, Cl 
(VI.) (V.) (II.) 


If 1-chloroanthraquinone is reduced by tin and hydrochloric 
acid in boiling glacial acetic acid solution, a chloroanthrone which 
melts at 118° is also obtained, but this is not identical with that 
obtained by the aluminium powder-concentrated sulphuric acid 
method, the difference being shown by the fall in the melting 
point on mixing and by the different behaviour on oxidation and 
on reduction with zinc and hydrochloric acid. This second iso- 
meride must be 4-chloro-9-anthrone (II). 

2-Chloroanthraquinone on reduction either by the aluminium- 
sulphuric acid or by the tin-hydrochloric acid method gives a 
mixture of isomerides from which by repeated recrystallisation 
a pure substance melting at 156° can be obtained. This must 
be either 2(or 3)-chloro-9-anthrone (VII or VIII), but up to the 
present it has not been possible to determine which formula is correct. 


i CH, CH, CH, Cl 
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The product described by Eckert and Tomaschek as 2-chloro- 
anthrone was probably a very impure mixture of the two isomerides, 
as they give the melting point as 115—120°. 

1:5-Dichloroanthraquinone is scarcely attacked by tin and 
hydrochloric acid in boiling glacial acetic acid, possibly owing to 
its very sparing solubility, but is readily reduced by aluminium 
powder and concentrated sulphuric acid and then gives a dichloro- 
anthrone (IX), for which only one formula is possible. 

1 : 8-Dichloroanthraquinone is readily reduced by both methods, 
but whereas the tin—hydrochloric acid method leads to a mixture 
of isomerides which can be separated only with great difficulty, 
the aluminium powder-concentrated sulphuric acid method gives 
a product from which a single isomeride (m. p. 167°) is readily 
obtained in the pure state. This might be 1 : 8- or 4: 5-dichloro- 
9-anthrone (X or XI), but since in the case of 1-chloroanthraquinone 
the chlorine atom appears to protect the carbonyl group in the 
ortho-position, the first formula is the more probable. 


cl CO Cl CO 

er ie Me ff yf gO. 
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This is supported by Eckert and Tomaschek’s statement that the 
dichloroanthrone obtained from 1: 8-dichloroanthraquinone on 
oxidation gave a tetrachlorodianthraquinone from which a tetra- 
chloromesonaphthadianthrone was obtained on exposure to light. 
No great reliance, however, can be placed on this argument, as 
Eckert and Tomaschek were obviously dealing with very impure 
substances, the melting point of their dichloroanthrone being 115°, 
that is 52° too low. 

All the above chloroanthrones pass on oxidation with ferric 
chloride in boiling acetic acid solution into the corresponding 
dianthrones, the reaction taking place very easily except in the 
case of 4-chloro-9-anthrone (IT). With this compound the oxid- 
ation is difficult, and even when a large excess of ferric chloride 
is used and the boiling continued for six hours the greater part 
of the anthrone remains unattacked and can be recovered unchanged. 

In view of the ease with which anthrone itself undergoes the 
pinacol condensation when reduced with zine and hydrochloric 
acid in boiling glacial acetic acid solution, it was hoped to obtain 
a series of chlorodianthranyls from the above chloroanthrones by 
this method. This expectation has not been fulfilled, as it has 
been found that the course of the pinacol condensation is pro- 
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foundly affected by the presence of substituents in the benzen 
ring. 
1-Chloro-9-anthrone (I) on reduction with zinc and hydrochloric 
acid gives a very easily soluble substance with a low melting point, 
This appears to be a dihydroanthracene derivative, but as it refused 
to crystallise it could not be obtained pure. 

4-Chloro-9-anthrone (II) on reduction with zinc and _ hydro. 
chloric acid undergoes the pinacol condensation, but analysis 
shows that the product is neither dichlorodianthranyl nor the 


1-C 
a-pinacolin, but a compound, Cy,H,,Cl,, which must be a dihydro.§ nth 
dianthranyl derivative (XII or XIII), or possibly a mixture off meth 
these owing to a tautomeric change of the three-carbon type : form 

0,H C,H C,H C,H and 

cH, ’ " Oreg” , “SCH, ac ‘Soc¢ / CH, rn 
CoH, C.H, CoH, CoH, 0: 

(XII.) (XIII.) easil 

The compound is strongly fluorescent, but does not react with yes 
bromine in carbon disulphide solution. es 
2(or 3)-Chloroanthrone (VII or VIII) on reduction with zinc pro 
and hydrochloric acid undergoes the pinacol condensation with sep: 
the production of the corresponding dichlorodianthranyl, but the 4 
yield is poor and a considerable quantity of a colourless, non. 1b 
fluorescent, and easily soluble product with a low melting point re 
is formed simultaneously. On attempting to recrystallise this, sind 
it became resinous, and its examination has been postponed until inh 
a better method of preparing the chloroanthrone has been devised. Aft 
Neither 1: 5-dichloroanthrone (IX) nor 1 : 8-dichloroanthrone a 


(X or XI) undergoes the pinacol condensation when reduced with pu 
zinc and hydrochloric acid. In both cases, reduction takes place 
easily, but the sole product is the corresponding dichloroanthracene. 


The influence of halogen atoms in the benzene rings on the e 
behaviour of the carbonyl groups is interesting and is reminiscent of 
of the observations made by Liebermann (Ber., 1914, 47, 1011) if 
on the stability of the “ bridge” bond in the chloroanthracenes. b3 
Since the influence of substituents on the reactivity of the meso- (k 
carbon atoms is being systematically examined in these laboratories, H 
it will be best to postpone a theoretical discussion of the above 
results. b 

EXPERIMENTAL. fe 


In all cases, the reduction of the chloroanthraquinone by the | ¢} 
aluminium powder-concentrated sulphuric acid method was f) 
carried out by dissolving 10 grams of the anthraquinone in 110 c.c. J 2 
of concentrated sulphuric acid and then slowly adding 3 grams | ( 
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of aluminium powder, the temperature being kept at 20—30°. 
Aseries of colour changes usually took place, and towards the end 
of the reaction, which required about three hours, there was con- 
siderable tendency to froth. The end of the reaction was easily 
sen by the final change of the colour to yellow. The whole was 
then poured into a large volume of ice-water and the precipitate 
wllected and digested with warm, dilute hydrochloric acid in order 
to remove the greater part of the unchanged aluminium. 

1-Chloro-9-anthrone (1).—This was prepared from  1-chloro- 
anthraquinone by the aluminium-concentrated sulphuric acid 
method and purified by recrystallisation from a mixture of chloro- 
form and light petroleum. It then formed long, yellow needles 
and agreed with the description given by Eckert and Tomaschek, 
except that it melted at 118° and not at 106°. 

Oxidation with ferric chloride in boiling acetic acid took place 
easily, and the resulting dianthrone agreed in its properties with 
that described by Eckert and Tomaschek. 

Reduction with zinc (granulated or dust) and hydrochloric acid 
in acetic acid solution also took place easily, but the resulting 
product was very readily soluble in most media, and as it invariably 
separated in an oily state it could not be purified. 

4-Chloro-9-anthrone (IL).—1-Chloroanthraquinone (10 grams), 
15 grams of tin, 75 c.c. of glacial acetic acid, and a few drops of 
a dilute solution of platinic chloride were boiled under reflux, 
and 20 c.c. of concentrated hydrochloric acid slowly added. The 
solution at first became dark and then much lighter in colour. 
After two hours, it was filtered, the filtrate cooled, and the crystals 
were washed first with cold acetic acid and then with water. It was 
purified by recrystallising twice from boiling dilute alcohol and 
finally from a mixture of chloroform and light petroleum. It 
then formed pale yellow needles which melted at 118°. The 
melting point was not changed by several further recrystallisations 
of the product from various solvents, but declined by about 10° 
if the substance was mixed with the chloroanthrone obtained 
by the aluminium powder-concentrated sulphuric acid method 
(Found: C=73:2; H=4-10. C,,H,OCI requires C = 73:5; 
H = 3-94 per cent.). 

Oxidation to 1 : 1’-dichloro-9 : 9’-dianthrone was carried out by 
boiling the chloroanthrone under reflux with a large excess of 
ferric chloride in glacial acetic acid solution. After six hours, 
the precipitate was collected, washed, and recrystallised twice 
from xylene, when colourless crystals which darkened at about 
270° and melted and decomposed at 292° were obtained (Found: 
C= 73-7; H=3-77. C.gH,,0,Cl, requires C = 73°38; H =3-52 
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per cent.). The yield did not exceed 2°3 grams, and could not be 
improved by substituting potassium persulphate for the ferric 
chloride. It seemed possible that a more satisfactory yield might 
be obtained by preparing 4-chloro-10-bromo-9-anthrone and treating 
this with copper powder. 4-Chloro-9-anthrone (10 grams) was 
therefore suspended in 150 c.c. of carbon disulphide and treated 
with 2-2 c.c. (1 gram-mol.) of bromine. After the greater pari 
of the carbon disulphide had been removed by distillation, the 
solution was cooled and the resulting crystals were purified by 
recrystallisation from chloroform, when they melted at 125—12¢6° 
(Found: Cl + Br= 37:3. C,H,OCIBr requires Cl + Br = 375 
per cent.). When boiled in xylene solution with copper powder, the 
chlorobromoanthrone gave dichlorodianthrone, but the yield was 
poor and the product difficult to purify. 

Reduction was carried out by boiling 23 grams of the chloro. 
anthrone and 10 grams of granulated zinc under reflux with 150 c.c. 
of glacial acetic acid and slowly adding 30 c.c. of concentrated 
hydrochloric acid. Crystals began to separate in ten minutes, 
but the reduction was continued for four hours. After being washed 
with acetic acid and water, the solid was recrystallised three times 
from pyridine (Found : C = 78-9, 79-1; H = 4:24, 4:28. C,,H,,Cl, 
requires C = 79:0; H = 4-23 per cent.). 

Dichlorodihydrodianthranyl (XII or XIII) forms almost colour- 
less nodules which melt at 288°. Its solutions show a purple 
fluorescence. It does not react with bromine in carbon disulphide 
solution even on keeping for several days, and it was recovered 
unchanged after boiling for six hours in nitrobenzene solution with 
copper powder. 

2(or 3)-Chloro-9-anthrone (VII or VIII).—2-Chloroanthraquinone 
(70 grams) and 100 grams of tin were boiled with 500 c.c. of glacial 
acetic acid, and a few drops of a dilute solution of platinic chloride 
and 130 c.c. of concentrated hydrochloric acid added slowly. The 
reduction required about three hours; the solution, which at first 
became very dark, was then pale yellow. After filtration and 
cooling, the solid was washed with acetic acid, dilute hydrochloric 
acid, and water, and dried in a vacuum desiccator. It melted very 
indefinitely at 120—140°. A similar product was obtained when 
the reduction was carried out with aluminium powder and concen- 
trated sulphuric acid according to the directions given by Eckert 
and Tomaschek, but the above is the more convenient method. 

By repeated recrystallisation first from mixtures of benzene 
and light petroleum and then from mixtures of chloroform and 
light petroleum, an almost colourless product was obtained which 
melted at 156°, the melting point remaining unchanged by further 
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recrystallisation. This was soluble in hot, dilute solutions of 
sodium hydroxide and in every way behaved like an anthrone 
derivative (Found: C = 73-4, 73:5; H = 4-12, 4:11. C,,H,OCI 
requires C = 73-5; H = 3-94 per cent.). 

The substance obtained by Eckert and Tomaschek (m. p. 115— 
120°) must have been a very impure mixture of isomerides. 

The isolation of the above isomeride is a very tedious process 
and is accompanied by great loss of material, the yield of the 
pure product being only 7—8 grams. Attempts to improve the 
method by the use of different solvents were not successful. 
Attempts to isolate the more soluble isomeride also failed to yield 
any definite product. 

Oxidation to the dianthrone was carried out in the usual way 
by means of ferric chloride. The product after recrystallisation 
from xylene was colourless. It darkened at 240° and melted and 
decomposed at 270° (Found: C = 73-6; H = 3-74. C,gH,,0,Cl, 
requires C = 73-8; H = 3-52 per cent.). 

Reduction was carried out by boiling 5 grams of the anthrone 
and 10 grams of zinc dust with 100 c.c. of glacial acetic acid and 
‘slowly adding 20 c.c.' of concentrated hydrochloric acid. The 
redaction was complete in forty minutes and the solid was then 
recrystallised twice from aqueous pyridine and twice from a mixture 
of benzene and light petroleum (Found: C= 793; H = 4-12. 
C,gH,.Cl, requires C = 79-4; H = 3-80 per cent.). 

Dichlorodianthranyl forms colourless, glistening crystals which 
melt at 254—255°. Its solutions exhibit a strong purple fluores- 
cence. 

1 : 5-Dichloroanthrone (IX).—As it was found that 1 : 5-dichloro- 
anthraquinone was not reduced by tin and hydrochloric acid in 
glacial acetic acid, the preparation of the anthrone was carried 
out by the aluminium powder-concentrated sulphuric acid method. 
The product was purified by recrystallisation first from acetic acid 
and then from benzene, and was obtained as fine, yellow needles 
which melted at 192° (Found: C = 64:1; H= 3-29. C,,H,OCI, 
requires C = 63-9; H = 3-04 per cent.). 

Oxidation was carried out in the usual manner and the product 
recrystallised from boiling nitrobenzene. In order to obtain a 
pure product, it was found necessary to avoid prolonged contact 
with the hot solvent and to work as far as possible in the absence 
of daylight. The purified substance was quite colourless and on 
heating darkened at 280° and melted and decomposed at 304— 
305° (Found: C = 640; H = 2-96. Cale., C= 64:1; H = 2-72 
per cent.). 

Reduction was effected by dissolving 10 grams of the dichloro- 
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anthrone in 400 c.c. of boiling glacial acetic acid and then adding 
20 grams of zinc dust. The whole was then boiled under reflux 
and 25 c.c. of concentrated hydrochloric acid were added slowly, 
After two and a half hours the whole was cooled and the product 
recrystallised from pyridine. It then formed glistening, yellow 
needles which melted at 187—188°, alone or when mixed with 
an authentic sample of 1: 5-dichloroanthracene (Schilling, Ber., 
1913, 46, 1066, gives the m. p. as 185°). 

1 : 8-Dichloroanthrone (X or XI).—Reduction of 1 : 8-dichloro. 
anthraquinone either by the tin-hydrochloric acid or by the 
aluminium powder-concentrated sulphuric acid method gives rise 
to what is obviously a mixture of isomerides, but whereas it is 
extremely difficult to isolate any definite compound from the 
product obtained by the first method, that furnished by the second 
method easily yields a definite substance (long, white needles) 
melting sharply at 167°. The purification is best effected by a 
mixture of chloroform and light petroleum, two or three recrystal- 
lisations from this solvent being sufficient treatment (Found: 
C= 641; H= 3-39; Cl=27-1. C,,H,OCI, requires C = 63:9; 


H = 3:04; Cl= 27-0 per cent.). The substance described by 


Kckert and Tomaschek as 1 : 8-dichloroanthrone must have been 
very impure, as they give its melting point as 115°, whereas the 
crude mixture of isomerides before recrystallisation always melts 
at about 140°. 

Oxidation was carried out in the usual manner and the product 
purified by recrystallisation from boiling nitrobenzene, in which 
it was sparingly soluble. It then formed colourless crystals which 
darkened at 290° but did not melt below 325° (Found: C = 64:2; 
H = 2°86. C,gH,,0,Cl, requires C = 64-1; H = 2-72 per cent.). 

Reduction was carried out under the conditions described 
in connexion with 1: 5-dichloroanthrone. The product was 
recrystallised from benzene and from glacial acetic acid and then 
formed yellow needles which melted at 160°, alone and when mixed 
with an authentic sample of 1: 8-dichloroanthracene (Schilling, 
loc. cit., gives the m. p. as 156°). 


Summary. 


_ 1, The reduction of the chloroanthraquinones by tin and hydro- 
chloric acid and by aluminium and concentrated sulphuric acid 
has been studied, and it has been shown that most of the compounds 
previously described in the literature as chloroanthrones are not 
pure substances. 

2. The chloroanthrones have been oxidised and the corresponding 
dianthrones obtained in the pure state. 
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3. The behaviour of the chloroanthrones on reduction with zine 
and hydrochloric acid has been studied, and it has been found 
that only @-chloroanthrone and 4-chloro-9-anthrone undergo the 
pinacol condensation, the former compound giving dichlorodi- 
anthranyl in poor yield and the latter dichlorodihydrodianthrany]. 
]-Chloro-9-anthrone, on the other hand, gives only products with 
low melting points which could not be obtained pure. Under 
similar conditions, 1: 5- and 1: 8-dichloroanthrone are converted 
into the corresponding dichloroanthracenes. 


In conclusion, the authors desire to express their thanks to the 
Research Fund Committee of the Chemical Society for a grant 
which has defrayed some of the expenses of this research. One 
of them (M. A. M.) is also indebted to the Department of Scientific 
and Industrial Research for a grant which has enabled him to 
take part in this work. 
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CCXCIII.—The Resolution of Hydratropic Acid. 
By Henry STaNnLey Raper. 


In the course of an investigation of the mode of oxidation of hydra- 
tropic acid («-phenylpropionic acid) in the animal body (Kay and 
Raper, Biochem. J., 1922, 16, 465), it was found that this acid, 
when administered in the optically inactive form to dogs, in doses 
of 0-25 ‘gram per kilo. of body weight, was oxidised to the extent 
of about two-thirds. The unoxidised acid was recovered from the 
urine partly in the free state and partly in combination with glycine. 
In both cases, the acid was dextrorotatory and had [«]} varying 
from + 21-2° to + 26-9° in ethyl alcohol. This indicated that the 
levo-acid was preferentially oxidised, and it seemed desirable to 
find out to what extent resolution in the body had taken place. 
Since no data on the optical activity of hydratropic acid could be 
found in the literature, its resolution was undertaken.. By means 
of the strychnine salt, the pure dextro-acid has been obtained. In 
ethyl alcohol, it gives [«]f + 81-1°, c = 3-108, so that the resolution 
in the animal body, referred to above, was by no means complete. 
Attempts to obtain the pure levo-acid by the use of other bases 
were unsuccessful, brucine, quinine, and quinidine being tried. 
Inactive hydratropic acid is a liquid, but it seemed possible that 
VOL. CXXxIII. 4R 
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the optically active acids might be solid at the ordinary temperature, 
This was not found to be the case. The pure dextro-acid remained 
liquid even when kept at 0° for some days. 


EXPERIMENTAL. 


Preparation of Inactive Hydratropic Acid.—Forty grams of 
tropic acid were boiled for twenty hours under a reflux condenser 
with 112 grams of baryta and 400 c.c. of water. The solution was 
cooled, acidified strongly with hydrochloric acid, and the pre. 
cipitated atropic acid filtered off and washed with cold water. It 
was obtained pure by one crystallisation from methylated spirit. 
Yield of the pure acid, 70 per cent. of theory. Fifteen-gram portions 
of atropic acid were converted into the sodium salt by adding the 
requisite amount of sodium hydroxide in‘ 150 c.c. of water. The 
reduction of the sodium salt was then carried out in the usual way 
with 250 grams of 2-5 per cent. sodium amalgam. The hydratropic 
acid thus obtained was purified by distillation under reduced 
pressure. It boiled at 161°/24 mm. 

Preparation of d-Hydratropic Acid.—Twenty grams of inactive 
hydratropic acid and 44:5 grams of strychnine were dissolved by 
warming in 200 c.c. of a mixture of 3 parts ethyl alcohol and one 
part water. The solution was allowed to cool and placed in the 
ice-chest for three days, when a considerable crop of crystals of 
strychnine hydratropate had separated. The crystals were filtered 
off, drained, and dried in the air; 24 grams were obtained. A 
small portion was taken and the hydratropic acid recovered from it 
for the determination of its rotation. It gave [a]? + 57-94° in 
ethyl alcohol, c = 3-159. The acid recovered from the mother- 
liquor had [«]>’ — 34:3, c = 3-00. The crystallisation was repeated 
three times, when it was found that the rotation of the free acid 
had ceased to change. The specific rotations obtained with these 
three crops of crystals were + 79-09°, + 81-10°, and + 81-09°, 
respectively. Owing to an accident to a flask, a portion of the 
strychnine salt was lost in the second crystallisation, so that the 
final yield of strychnine salt (6-6 grams) was much less than would 
have normally been obtained. In ethyl alcohol, the air-dried 
strychnine d-hydratropate gave [a]? — 15-45°, c= 4-207. The 
rotation of the pure dextro-acid was also determined in chloroform 
solution, when it gave [«]? + 76-2°, c = 2-834. 

Portions of the impure levo-acid recovered from the mother- 
liquor from the first crystallisation of the strychnine salt were 
combined with brucine, quinine, and quinidine. The brucine salt 
was much too soluble in those solvents in which it dissolved to 
make it suitable for further resolution of the acid. The quinine 
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salt crystallised well and had a solubility in alcohol and aqueous 
alcohol appropriate to the practical purposes of resolution. The 
quinine salt of the dextro-acid was, however, the less soluble, as 
with the strychnine salt, so that no further resolution of the levo- 
acid was obtained. The quinidine salt was obtained as a sticky 
syrup which refused to crystallise. 


THE UNIVERSITY, LEEDS. [ Received, July 18th, 1923.] 


CCXCIV.—Chemical Reactivity and Conjugation: the 
Reactivity of the 2-Methyl Group in 2: 3-Dimethyl- 
chromone. 


By Istpor Morris HeILBron, Harry BARNES, and 
RicHAaRD ALAN Morton. 


AN examination of the structural formula of 2 : 3-dimethylchromone 
(I) reveals the fact that the methyl group attached to the 2-carbon 
atom is situated at the end of the conjugated system O:C-CMe:C-CH, 
and consequently, according to modern views, a tendency for a 
more even distribution of valency forces will exist within the 
molecule (compare Ann. Reports, 1922, p. 102). One such con- 
dition is represented in formula II, where an activated phase of 


O O- 
{ i 
(L) 7 (N/4 CMe a ie \cMe ¥ (II.) 
0 fe a aati tis 


the molecule is indicated, resulting in induced alternate polarities 
being developed (compare Lapworth, T., 1922, 121, 416; Kermack 
and Robinson, ibid., p. 427). The reactivity of the methyl group 
in 2: 3-dimethylchromone has been confirmed by direct experi- 
ment, the substance condensing readily in presence of alcoholic 
sodium ethoxide with aromatic aldehydes to yield 2-styryl deriv- 
atives of the type shown in formula III. That it is actually the 


/CO. CO 
CoHy ll ‘CHPh —> O,H »CHMe 
\o*%oH o\_O8 CO“CH:CHPh 
H OH 
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2-methyl group which takes part in the condensation has been 
proved by the hydrolysis of 2-styryl-3-methylchromone according 
to the method employed by Petschek and Simonis (Ber., 1913. 
46, 2015), when cinnamic acid was obtained as one of the 
products. 

It has recently been suggested * that the reactivity of the methyl 
group in ethyl crotonate (Lapworth, T., 1901, 79, 1273) may depend 
on the formation of an enol form, and it might be argued that the 
same holds good in the case now under discussion. Collie (T., 
1900, '77, 970) has shown that dimethylpyrone forms a definite 
additive product with sodium ethoxide, and as 2 : 3-dimethyl- 
chromone only reacts in presence of this reagent, it is conceivable 
that here also an additive compound having the constitution of a 
pyranol alcoholate (IV) is primarily formed. By removal of ethyl 
alcohol from this, the enol-methylene compound would result, 
the structure of which is similar to the reactive methylene forms 


C-ONa C-ONa 
/ VAN 
(IV.) C,H, \oMe -mon —Q,H, oe (V.) 
Ap ay 5 ra 
O OEt 0 


of the heterocyclic bases (Mills and Smith, T., 1922, 121, 2724). 
Now it has previously been shown by one of us that, in the case 
of doubly-conjugated unsaturated ketones (Heilbron and Buck, 
T., 1921, 119, 1500; Heilbron and Whitworth, this vol., p. 238), 
the reactivity of these was very materially affected by substitution 
in the benzene ring. Thus, whereas 4’-dimethylamino-2-hydroxy- 
distyryl ketone is highly reactive, the substituted 4’-dimethylamino- 
4-methoxy-2-hydroxydistyryl ketone is unreactive, owing to the 
complete neutralisation of all free partial valency forces : 


If, then, the reactivity of 2 : 3-dimethylchromone is due to the 
formation of a polarised molecule of the type shown in (II), as 
opposed to the enol-methylene (V), it should conceivably be possible 
to restrain this activity by suitable substitution in the benzene ring. 
Such a condition is to be anticipated in 7-methoxy-2 : 3-dimethy]- 
chromone, where a closed circuit of partial valency forces could 
exist. As a result, the residual valency on the carbonyl carbon 


* Lowry, Faraday Society Discussion, Cambridge, July, 1923. 
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atom would be neutralised through or around the benzene ring 
instead of through the double bond, thus leaving the 2-methyl 
group inactive. This is represented diagrammatically in formula 
VI, but the neutralisation effect is doubtless passed on from atom 
to atom or may even be transmitted through the molecule in the 
form of a partial valency bond (VII) (compare Ann. Reports, 1922, 
p. 86). That the reactivity is actually due to the polarised active 


f- ¢ 
(VL) . NO C (VIL) 
Mg Vv \cMe 7 >¢ ~¢Me 
AA bai é\40 We CHs 
MeO MeO O 


molecule is clearly shown by the fact that where the neutralisation 
of valency forces is impossible, as with either 6-methoxy- or 
8-methoxy-2 : 3-dimethylchromone, these react with aromatic 
aldehydes in the presence of sodium ethoxide at the ordinary tem- 
perature to yield styryl derivatives. On the other hand, 7-methoxy- 
2:3-dimethylchromone, under precisely similar conditions, is 
recovered unchanged from the reaction mixture. Moreover, even 
when more drastic conditions are employed (see experimental 
part), no condensation product can be obtained. 

A study of the absorption spectra of these compounds has also 
been made and provides strong confirmatory evidence of the views 
outlined above. As this work forms the subject of the succeeding 
paper, where the question has been taken up from the Baly molecular 
phase point of view, only such reference will be made to it as bears 
directly on the question in hand. In the first place, the absorption 
spectrum of 2 : 3-dimethylchromone has been examined, two bands 
being shown with head at A = 3085 pp and A= 2690 pp. As 
addition of alkali produces no alteration in the position of these 
bands, the spectrographic supports the chemical evidence as regards 
the improbability of an enol form being present. The absorption 
bands of the isomeric 6-, 7-, and 8-methoxy-2 : 3-dimethylchromones 
are plotted in Fig. 1, and it will be seen that in neutral alcoholic 
solution all three exhibit a single absorption band of similar type. 
In presence of alkali, a distinct band is present only in the case of 
the 6-methoxydimethylchromone, although indications of one are 
shown with the 8-methoxy-isomeride. With 7-methoxy-2 : 3- 
dimethylchromone, the effect of alkali, as shown in Fig. 2, is totally 
different, and there is little question but that, in this case, a 
rearrangement of the partial valency forces has resulted in such 
a way as to render the molecule less reactive. 
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As regards the characteristic properties of the 2-styryl-3-methy]. 
chromone derivatives, the effect of introducing auxochromic groups 
in the benzene ring of the 2-styryl residue is in general agreement 
with the observations of other investigators. Whereas 2-styryl- 
3-methylchromone is colourless, the introduction of one methoxy] 


Fig. 1. 
A. 
2,600 2,800 3,000 3,200 3,400 
24,000; 
\ 
be & 
22,000 | hy 
) 
\ 
20,000}* rT 
id \ yZtn ne) ee 
* 
18,000t+-+- 4—_}----+-—— - 
° \ \ 
a \ r+ t Pag 
2 \ / \ 
16,000+-~ W7 { — 
s 
: e| \ 
2 14,000}—S \ 
+ \ \ 
4 { 
12,000 , | { 
& \ - 
@ \ f \ 
10,000 * >a = 2 
| | ae 
: : a 
id e 
8,000 “= J * \ rae 
e*| | lis 
9 
J 
6,000 © 
% 
4,000 \ 
a Alcoholic 6-methoxy-2 : 3-dimethylchromone. 
b ” 7- ” 9 ” ” 
c ” 8- ” 


7 9 9? 


group changes the colour to yellow. With two methoxyl groups, 
the colour becomes more pronounced, whilst the introduction of 
the powerful auxochromic dimethylamino-group into the molecule 


_ produces a bright orange-red styryl derivative. It is interesting 


to note that the introduction of methoxyl groups into the benzene 
ring of the chromone residue produces no auxochromic effect, the 


yl. 
ups 
ent 
yl. 
xy] 


CHEMICAL REACTIVITY AND CONJUGATION. 2563 


colour of the styryl derivatives being practically identical with 
that of the unsubstituted compounds. 

Halochromy.—The 2-styryl-3-methylchromones exhibit marked 
halochromic phenomena, highly coloured hydrochlorides being 
readily formed by the action of dry hydrogen chloride on solutions 
of the parent substances in chloroform. These salts are unstable 
and decompose on standing in moist air. In addition to well- 
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defined monohydrochlorides, somewhat indefinite complex salts can 
also be isolated by the direct action of hydrogen chloride upon the 
solid chromone derivatives themselves and, as was found by Stobbe 
in the case of distyryl ketones (Annalen, 1909, 376, 93), the amount 
of hydrogen chloride absorbed varies with the temperature. 

As regards the constitution to be ascribed to the monohydro- 
chlorides, it appears to the present authors that these are true 
salts similar in constitution to the pyrylium salts of 2 : 6-dimethyl- 
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pyrone (Baeyer, Ber., 1910, 43, 2337) and consequently must. be ae 


represented as shown in formula VIII. a 
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2 :3-Dimethylchromone, air, 
Pratt and Robinson have recently expressed the Opinion (this oe 
vol., p. 739) that the anhydro-base corresponding to 1:3:6:8- chlo 
tetrahydroxyxanthylium chloride is best formulated as the bipolar 9st 
molecule (IX) and it may be reasonably concluded that the active ieee 
salt-forming phase of the pyrone nucleus is similar. On this scheme, prey 
2: 6-dimethylpyrone, and also the chromones, must obviously be ilk 
capable of at least momentary existence in the following two 
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active phases (X and XI). It will be noted that (X) is essentially 
similar to the bridged formula suggested by Collie (T., 1904, 85, 
973), but, in our opinion, it harmonises better with the chemical 
properties of the substance. 


ei- Q “-" 
C C C 
PR ini PM ; 
HAC, jous == nol Jes a HCL /)C=CH,-H 
x.) O O O (XI) 
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Finally, it remains to be mentioned that the colour gradations of 
the various halochromic salts in this series show no specially 
marked changes in shade, varying only between brick-red and 
crimson, 

EXPERIMENTAL. 


The 2-styryl-3-methylchromone derivatives were obtained by 
the following general method. One part of 2 : 3-dimethylchromone 
(1 mol.), the preparation of which was carried out by Petschek and 
Simonis’s method (Ber., 1913, 46, 2015), was dissolved in a small 
quantity of alcohol and treated with a solution of sodium ethoxide 
(containing 1 atom of sodium). The calculated amount of the 
required aldehyde was then added to the solution, which was kept 
for twenty-four hours at the ordinary temperature. The con- 
densation product was filtered off and purified by recrystallisation 
from absolute alcohol. In most cases, a further crop of the sub- 
stance was precipitated on dilution of the mother-liquors, the total 
yield being practically quantitative. 

2-Styryl-3-methylchromone is obtained in small, colourless crystals 
melting at 126°. Itis readily soluble in alcohol or benzene, and prac- 
tically insoluble in ether or water (Found: C = 824; H = 5-5, 
(,gH,,0. requires C = 82-4; H= 5-3 per cent.). The mono- 
hydrochloride, prepared by passing dry hydrogen chloride into a 
solution of the substance in dry chloroform, separates in orange- 
coloured crystals which readily decompose on exposure to moist 
air, regenerating the parent substance. The analysis was carried 
out by titration with standard alkali (Found: HCl = 12-1. 
C,gH,,0,,HCl requires HCl = 12-2 per cent.). The polyhydro- 
chlorides were prepared by passing dry hydrogen chloride over 
2-styryl-3-methylchromone contained in a stoppered U-tube 
according to the method previously employed by one of us in the 
preparation of semicarbazone hydrochlorides (Wilson, Heilbron, 


and Sutherland, T., 1914, 105, 2892). An analysis of the salt 
4 R* 
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obtained at 15° shows it to correspond to the addition of 24 molecules 
of hydrogen chloride, whilst at — 20° the salt agrees with the 
formula C,gH,,0,,3HCl. The perchlorate, which forms yellow 
crystals melting at 110°, was obtained by the addition of a few 
drops of a 40 per cent. solution of perchloric acid to a solution of 
2-styryl-3-methylchromone in glacial acetic acid (Found : C = 59:3; 
H=4-1. C,,H,,0,,HCIO, requires C = 59-4; H = 4:1 per cent.), 
The picrate, prepared by mixing alcoholic solutions of the chromone 
and picric acid, separated in yellow crystals melting at 135° [Found: 
N = 8-5. C,gH,,0.,Cg,H,(NO,),°OH requires N = 8-6 per cent.]. 

2-Styryl-3-methylchromone tetrabromide is formed by the addition 
of a slight excess of dry bromine in chloroform solution to a solution 
of 2-styryl-3-methylchromone in the same solvent. It forms 
characteristic yellow crystals which decompose on heating (Found: 
Br = 54-9. C,,H,,0,Br, requires Br = 54-8 per cent.). 

Hydrolysis of 2-Styryl-3-methylchromone.—Six grams of the 
substance were dissolved in alcohol and hydrolysed by heating 
under reflux for thirty hours on the water-bath with an excess of 
sodium ethoxide solution. After most of the alcohol had been 
boiled off, the solution was carefully acidified with dilute hydro- 
chloric acid and the organic acids thus precipitated were redissolved 
by means of dilute sodium carbonate solution. The whole was 
thoroughly extracted with ether in order to remove any o-hydroxy- 
propiophenone, the solution again acidified, and the precipitated 
acids filtered. After two recrystallisations from boiling water, 
pure cinnamic acid (2 grams) was isolated, whilst from the mother- 
liquors a small quantity of salicylic acid separated out on cooling. 

4’. Methoxy-2-styryl-3-methylchromone separates from alcohol, in 
which it is only sparingly soluble, in greenish-yellow needles melting 
at 135° (Found : C = 77:9; H = 5-5. C,gH,,0, requires C = 78:1; 
H = 5-4 per cent.). 

The monohydrochloride forms bright red crystals which readily 
decompose on standing in moist air. Polyhydrochlorides were also 
obtained, 3 molecules of hydrogen chloride being taken up by the 
dry substance at 15° and approximately 34 molecules at — 20°. 
The picrate crystallises in scarlet needles melting at 145° [Found: 
N= 80. CygH,,03,C,H,(NO,)s°OH requires N = 8-1 per cent.]. 

The isomeric 2’-methoxy-2-styryl-3-methylchromone forms pale 
yellow needles melting at 155° (Found: C = 780; H = 5-5 per 
cent.). 

3’ : 4’-Dimethoxy-2-styryl-3-methylchromone. — This condensation 
was brought about by the interaction of veratraldehyde and 
2:3-dimethylchromone, the styryl derivative separating from 
boiling alcohol in brilliant canary-yellow crystals melting at 176° 
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(Found: C=744; H=5-6. OC, H,,0, requires C = 74-5; 
H= 5-6 per cent.). The tetrabromide is obtained in deep red 
crystals (Found: Br = 49-7. Cale., Br = 49-8 per cent.). The 
monohydrochloride and the perchlorate are both crimson, crystalline 
solids. 

The isomeric 2’ : 4’-dimethoxy-2-styryl-3-methylchromone is obtained 
in yellow crystals melting at 145° (Found: C = 74:3; H = 55 
per cent.). 

2’ : 5'-Diethoxy-2-styryl-3-methylchromone crystallises in bright 
yellow needles, m. p. 150° (Found: C = 75:3; H = 6:3. C.H0, 
requires C = 75-4; H = 6-3 per cent.). 

3’ : 4'-Methylenedioxy-2-styryl-3-methylchromone.—Piperonal con- 
denses readily with 2: 3-dimethylchromone, yielding a_ bright 
yellow condensation product melting at 208° (Found: C = 74-4; 
H = 4-7. C,,H,,0, requires C = 74-5; H = 4-6 per cent.). On 
treatment of a chloroform solution of this methylenedioxystyry] 
derivative with dry hydrogen chloride, the monohydrochloride is 
precipitated as a bright red salt. When the dry gas is passed over the 
solid derivative itself, 3 molecules of hydrogen chloride are absorbed 
at 15°, whilst at — 20°, 4 molecules of the acid are taken up. 

2-Cinnamylidenemethyl-3-methylchromone, 

CO-CMe 
CoHaS 0 U.CH:CH-CH:CHPh. 

—This condensation was carried out under the usual conditions, but 
in this case a considerable quantity of tarry matter was produced. 
The product was purified by repeated crystallisation from absolute 
alcohol, animal charcoal being used as decolorising agent. It 
forms bright orange crystals melting at 225° (Found: C = 83-2; 
H = 5-6. C,9H,,0. requires C = 83:3; H = 5-5 per cent.). 

2-Furfurylidenemethyl-3-methylchromone, 

CO-CMe 
CHAS 6 U.CH:CH-C,H,O. 

—This compound separates from the reaction mixture as a semi- 
solid, resinous mass. After repeated crystallisations from alcohol 
in presence of animal charcoal, it is finally obtained in orange- 
yellow needles melting at 132° (Found: C=757; H= 5-0. 
C,,H,.0, requires C = 76°2; H = 4°8 per cent.). 

4'-Dimethylamino-2-styryl-3-methylchromone.—In_ this condensa- 
tion, the crude product which separates is invariably contaminated 
with traces of sodium. It crystallises from absolute alcohol con- 
taining a few drops of glacial acetic acid in brilliant orange-red 
crystals melting at 195° (Found: N = 4°7. C,H, 90,.N requires 
N = 4°6 per cent.). 


6-Methoxy-2 : 3-dimethylchromone.—Twenty grams of 6-hydroxy- 
4R*2 
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2:3-dimethylchromone (Simonis and Lehmann, Ber., 1914, 47, 
697) were dissolved in 300 c.c. of absolute alcohol and methylated 
by heating with alcoholic sodium ethoxide and methyl iodide 
(16 grams) on a water-bath for four hours. The reaction product 
was poured into dilute sodium hydroxide solution and the oil 
extracted with ether. On concentration of the dry ethereal solu- 
tion, the methylated chromone separated in colourless, glistening 
needles melting at 135°. Hydrolysis with hydriodic acid readily 
regenerates the parent hydroxychromone (Found: C= 713; 
H = 65. C,,H,,0, requires C = 71°6; H = 6:4 per cent.). 
6-Ethoxy-2-styryl-3-methylchromone-——Two grams of 6-ethoxy- 
2:3-dimethylchromone were dissolved in a small quantity of 
alcohol and 1 gram of benzaldehyde together with a solution of 
sodium ethoxide containing 0°5 gram of sodium was added. After 
standing over-night, the styryl derivative which had separated was 
filtered off and, after two recrystallisations from absolute alcohol, 
obtained pure in colourless needles melting at 145° (Found: C = 
783; H=6-0. C,. 9H,.0, requires C = 78°4; H = 5°9 per cent.). 

4’. Methoxy-6-ethoxy-2-styryl-3-methylchromone, prepared by an 
exactly analogous method, crystallises from alcohol in pale yellow 
needles melting at 155° (Found: C= 75:1; H= 61. C,,H4, 0, 
requires C = 75:0; H = 6-0 per cent.). 

The corresponding 3’: 4’ - methylenedioxy -6- ethoxy -2-styryl-3- 
methylchromone crystallises in bright yellow needles melting at 177° 
(Found: C=71'7; H=5'2. CH,,0, requires C = 72°0; 
H = 5:1 per cent.). 

7-Methoxy-2 : 3-dimethylchromone was prepared by direct methyl- 
ation of 7-hydroxy-2 : 3-dimethylchromone (Simonis and Remmert, 
Ber., 1914, 47, 2231) by means of methyl sulphate. After repeated 
crystallisation from alcohol, it was obtained in colourless needles 
melting at 140°. The same substance was previously described 
by Kostanecki and Lloyd (Ber., 1901, 34, 2948), who give the 
melting point as 126—127°. These authors employed methyl 
iodide and alcoholic potash for the methylation of the hydroxy- 
chromone, but following their method we again obtained the ether 
melting at 140°. Demethylation by means of hydriodic acid 
regenerated the original 7-hydroxy-2 : 3-dimethylchromone (m. p. 
236°) (Found: C = 70°5; H= 6-0. C,,.H,.0, requires C = 70°6; 
H = 5°9 per cent.). 

7-Ethoxy-2 : 3-dimethylchromone.—This compound had previously 
been prepared by Kostanecki and Lloyd (loc. cit.) by the action of 
acetic anhydride and anhydrous sodium acetate on propionyl- 
resorcinol monoethyl ether. We have now obtained it by direct 
ethylation of 7-hydroxy-2:3-dimethylchromone by means of 
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alcoholic sodium ethoxide and ethyl iodide. The mixture was 
heated under reflux for four hours, after which most of the alcohol 
was distilled off and the residue poured into water, The precipitate 
was collected, washed with dilute alkali, and twice recrystallised 
from alcohol. It was obtained in beautiful, glistening prisms melting 
at 124°. 

Attempted Condensation of 7-Methoxy- and 7-Ethoxy-2 : 3-dimethyl- 
chromone with Aldehydes —Employing the same method as used in 
the preparation of 6-ethoxy-2-styryl-3-methylchromone, no re- 
action whatsoever took place even when the reaction mixture was 
kept over prolonged periods. On dilution with water, the original 
7-methoxy- or 7-ethoxy-dimethylchromone was invariably recovered. 
Attempts were next made to induce condensation in the heat, 
but using either alcoholic sodium ethoxide or alcoholic potash as 
condensing agents, and employing in turn both the 7-methoxy- 
and 7-ethoxy-2 : 3-dimethylchromone, we observed no reaction what- 
ever, even when the heating had been continued for several hours. 
Experiments were also carried out using hydrogen chloride and 
zinc chloride, but, as was expected, these failed altogether to produce 
the required styryl derivatives. 

8-Methoxy-2 : 3-dimethylchromone.—This compound had _ previ- 
ously been obtained by Simonis and Medlewska (Ahrenssammlung, 
24, 402), but no description of the method employed by the authors 
was given. The preparation was carried out as follows: A mixture 
of 25 grams of pure guaiacol with 25 grams of methylacetoacetic 
ester was cooled in ice, and 30 grams of phosphoric oxide were 
gradually added, the mixture being thoroughly stirred throughout 
the process. The whole was then heated on a water-bath for two 
hours, after which a further 30 grams of phosphoric oxide and 25 
grams of guaiacol were again added and the heating was continued 
for another two hours. The reaction mixture was extracted with 
water and warmed with 10 per cent. sodium hydroxide solution 
(1 mol. of sodium hydroxide for each mol. of phosphoric oxide 
employed), after which it was thoroughly extracted with ether. 
The ethereal solution was freed from any remaining guaiacol by 
means of dilute sodium hydroxide solution, washed with water, 
and dried over anhydrous sodium sulphate. After removal of the 
ether, a red oil was left which partially solidified on standing. This 
was pressed on a porous plate to remove oily impurity and recrystal- 
lised from light petroleum in presence of animal charcoal. After 
a second crystallisation from the same solvent, 8-methoxy-2 : 3- 
dimethylchromone was obtained in colourless prisms melting at 
154°. The yield was exceedingly poor, amounting to only about 
5 per cent. calculated on the guaiacol. 
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4’ : 8-Dimethoxy-2-styryl-3-methylchromone was prepared in a 
precisely similar manner to that employed in the preparation of 
the other styryl derivatives. It separated from alcohol in pale 
yellow crystals melting at 149° (Found: C= 744; H=5'7. 
Co9H,,0, requires C = 74:5; H = 5°6 per cent.). 


In conclusion, we desire to express our thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have enabled this investigation to be carried out. 
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CCXCV.—Absorption Spectra and Molecular Phases. 
Part I. 


By Ricnwarp ALAN Morton and Harry BARNES. 


THE interpretation of absorption spectra has been greatly simplified 
by Baly through his conception of molecular phases (Phil. Mag., 
1920, [vi], 40, 1, 15; Brit. Assoc. Report, 1922, 294; Baly and 
Campbell, Phil. Mag., 1921, [vi], 41, 707). Every molecule is 
regarded as being characterised by a definite amount of energy 
determined by the quantities of energy which characterise its 
component atoms. This molecular quantum of energy is the 
fundamental quantity which governs every reaction of a given 
molecule, and the critical increment of energy necessary to activate 
a molecule is always one or more of its molecular quanta. 

Since a molecule can gain or lose energy only in terms of its 
characteristic molecular quantum, it follows that it must exist 
in one of a number of possible phases according to the number 
of quanta that it has lost since its original synthesis, each con- 
secutive phase differing in energy content by one molecular quantum. 
The characteristic quantum of an atom or molecule endows it with 
the power of absorbing or radiating energy according to the relation 
E = lv, where h (the Planck constant) involves the time occupied in 
the absorption or radiation of the energy unit. Every molecule there- 
fore exhibits a characteristic and fundamental frequency, usually 
in the short-wave infra-red, and it may readily be proved that it 
also exhibits a phase frequency which is an integral multiple of the 
fundamental frequency, this phase frequency lying in the visible 
or ultra-violet region of the spectrum. The molecular phase in 
which a substance exists can readily be determined, therefore, by 
observation of the absorption bands it exhibits in the visible or 
ultra-violet region, since the frequency for which the absorptive 
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wer is @ maximum within an absorption band is the frequency 
characteristic of one molecular phase. 

To this it may be added that the reactivities of the various 
phases of a given molecule differ, and that in order to enable a 
molecule to enter into a given reaction it is necessary to bring it 
into the appropriate molecular phase. The necessary change in 
phase is brought about by the supply of radiant energy and the 
energy required must be an integral number of quanta characteristic 
of the molecule and is the critical increment of energy for the 
reaction in question. 

In this paper we have to record a case where the experimental 
observations would seem to afford the best support for the phase 
hypothesis yet brought forward. A spectrographic study of the 
three isomeric methoxy-2 : 3-dimethylchromones described in the 
preceding paper revealed the fact that in neutral alcoholic solution 
each of these three substances exhibits a single absorption band, 
whilst in presence of excess of alkali one only of them exhibits a 
band in the region examined (A = 3300 to A = 2200). The absorp- 
tion curves of the neutral solutions are reproduced in the preceding 
paper (Fig. 1), in which the absorptive powers are plotted against 
wave-length. The unit of absorptive power is the molecular 
extinction coefficient given by M.H. =  log(I)/Z) x 1/cd, where 
I,/I is the ratio of the intensities of the incident light and the light 
after passage through an absorbing layer d cm. thick, and c is the 
concentration in moles. The wave-lengths and frequencies at 
which the absorptive power is a maximum are given in Table I. 


TABLE I. 
Wave-length 

in tenth- Frequency 

metres. xi. Difference. 
6-Methoxy-2 : 3-dimethylchromone 3180 943-4 21-2 
7-Methoxy-2 : 3-dimethylchromone 3110 964-6 21-6 
8-Methoxy-2 : 3-dimethylchromone 3042 986-2 
6-Methoxy-compound in alkali ...... 3255 921-7 


The mean of the two differences in the last column is 21:4 x 101” 
and if the frequencies in the third column are consecutive multiples 
of the same fundamental frequency this frequency must be very 
near to 21-4 x 1012, In Table II, the integral relationships are 


given. 


TABLE II. 
Frequency Fundamental 
xa. Factors. wave-length. 
6-Methoxy-compound ............ 943-4 44 x 21-44, x 10" 13-99,u 
7-Methoxy-compound ............ 964-6 45 x 21-43, x 10? 13-9954 
8-Methoxy-compound ............ 986-2 46 x 21-43, x 10 13-993u 


6-Methoxy-compound in alkali 921-7 43 x 21-43, x 10” 13-9924 
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The four frequencies can therefore be expressed with remarkable 
accuracy as consecutive multiples of the same frequency, which 
is the fundamental frequency of the methoxydimethylchromone 
molecule and is independent of the position of the methoxy] group, 


The last column of Table IT contains the wave-lengths corresponding § 


to the fundamental frequency. 

These results are not capable of interpretation on the earlier 
views of a direct correlation between structure and absorption 
spectra. The fundamental unit of energy is the same in the case 
of the three isomerides, but the units involved in the ultra-violet 
absorption bands are different, each being a different multiple of 
the fundamental unit. As discussed in the preceding paper, the three 
compounds show a parallel difference in reactivity, and it is significant 
that the most reactive isomeride, the 6-methoxy-compound, is the 
only one which exhibits a well-defined absorption band in the presence 
of alkali. We thus have a definite correlation of three factors : 


1. Isomerism. 
2. Quantitative energy relationships. 
3. Differences in reactivity under strictly comparable conditions. 


It is therefore justifiable to claim that these results strongly 
support Baly’s theory of molecular phases. 

We have also examined the absorption spectrum of 2 : 3-dimethy]- 
chromone and in this case two bands are shown, so that two phases 
coexist with frequencies in the ultra-violet. These frequencies also 
conform to the criteria for molecular phases, the fundamental unit 
being rather greater than in the case of the substituted compounds, as 
is shown in Table ITT. 


TaBLe III. 
Frequency Fundamental 
A Obs. Kau. Factors. A Cale. wave-length. 
3085 972-5 41 x 23-71, x 10" 3084-4 12-64,u 
2690 1115-2 47 X 23-72, x 10” 2690-6 12-64,u 


The two values of the fundamentai unit given in the third column 
differ rather more than in the case of the methoxy-compounds, but 
they lie well within the limits of experimental error. The wave- 
lengths in the fourth column are calculated from the mean value 
23°72, x 107% and they are exceedingly near the observed values. 
The accuracy is also shown by the fundamental wave-lengths 
calculated from the two values of the fundamental frequency. 


We express our thanks to Professors Baly and Heilbron for 
their interest and advice, and are indebted to the Department of 
Scientific and Industrial Research for grants in aid of our work. 


THE UNIvEeRsITy, LIVERPOOL. [Received, July 28th, 1923.] 
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(CXCVI.— Colorimetric Estimation of Small Amounts 
of Oxygen. 
By Percy GreorcE Terry Hanp. 


A NEED arose during the course of work carried out in this 
laboratory, of a quick and fairly accurate method of estimating 
very small amounts of oxygen in a stream of gas. The majority 
of existing methods were not delicate enough. On the other hand, 
high sensitivity is coupled with either complicated apparatus or 
the necessity of working in the presence of another gas, for example, 
purified hydrogen. Furthermore, none of the existing methods 
(compare Sheaff, J. Biol. Chem., 1922, 52, 35; White, J. Amer. 
Chem. Soc., 1922, 44, 20; Binder and Weinland, Ber., 1913, 46, 
255) suited the particular dynamic experiment in hand. 

The method used is a modification of Rideal and Burgess’s 
(Analyst, 1909, 34, 193) colorimetric method for estimating the 
amount of dissolved oxygen in water, and consists in allowing 
the gas, containing its impurity oxygen, to come into contact 
with manganous hydroxide, formed by the interaction of man- 
ganous chloride and sodium hydroxide in a vacuum in presence 
of potassium iodide. Acidification in presence of starch completes 
the test, giving the well-known colour of the starch—iodine complex. 
The limit of detectability of oxygen is 1 x 10° gram. 

Apparatus.—This consists of the main apparatus (Fig. 1) and 
the auxiliary filler (Fig. 14), both made of glass. 

Made to withstand a high vacuum, the main apparatus consists 
of (1) three reservoirs, C,, C,, C3, of capacity 40, 40, and 20 c.c., 
respectively, (2) ‘‘ mixers,” A and B, each 45 c.c. in volume, and 
(3) ‘reaction chamber,” G, having a capacity of 400 c.c. This 
chamber is connected to C, by means of a ground joint, F’, and is 
also furnished with a side tube ending in a ground joint, Z. All 
taps on the apparatus are well-ground vacuum taps capable of 
withstanding a vacuum of 1 x 10° mm. 

Reagents.—All solutions are made with freshly boiled distilled 
water. The solution for C, is 0-5 c.c. of a saturated solution of 
manganous chloride made up to 10 c.c.; the solution for C, is 
1:5 c.c. of a solution containing 10 per cent. of potassium iodide 
and 30 per cent. of sodium hydroxide made up to 10 c.c.; the 
solution for C; is 4 c.c. of 20 per cent. sulphuric acid and 0-5 c.c. 
of 1 per cent. Lintner’s soluble starch. 

Colour Standards—The colour standards were made in the 
following way : 

Six test-tubes of uniform size and material were thoroughly 
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cleaned and washed, and in each were placed 1-5 c.c. of 10 per 
cent. potassium iodide, 4 c.c. of 20 per cent. sulphuric acid, and 
0-5 c.c. of 1 per cent. Lintner’s soluble starch. One c.c. of potassium 
permanganate solution (0-395 gram per litre) was added to one 
of these mixtures, and the total volume made up to 24 c¢.c. The 
blue colour produced was equivalent to 1 x 10-4 gram of oxygen. 

As soon as the colour developed, the test-tube was corked, set 
against dead white paper, and accurately matched and reproduced 


Fia. 1. Fig. 1a. 


in the form of a colour chart. Further colours, corresponding to 
smaller quantities of oxygen, were made by diluting the per- 
manganate solution so that the range was : 
1 2 3 4 5 

Gram of oxygen ...... 1x10- 1x10 1x 10% 1x10” _—s Nil. 

Manipulation—The main apparatus is connected by means of 
the ground joint, Z, to a ground cup of the evacuation leads. This 
joint is made vacuum-tight by means of Everett’s wax. (The 
evacuation outfit, in this case, consists of a Kraus mercury vapour- 
pump backed by a Cenco Hyvac oil-pump.) 
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In order to remove the air entrapped in the bores of taps 1, 2, 
and 3, the three reservoirs are evacuated to 1 mm. by means of 
a Geryk oil-pump, with taps 4, 5, and 7 shut. The taps 1, 2, 
and 3 having been closed, 4, 5, and 7 are opened, thus putting C,, 
¢,, and C; into communication with G. By turning the two-way 
tap, D, so as to connect G with Z, the apparatus is ready to evacuate. 
This having been done as completely as possible (usually 1 x 105 
mm.), tap D is closed, likewise taps 4, 5, and 7. The apparatus 
is now detached from the evacuation leads. 

The manganous chloride and potassium iodide—hydroxide 
solutions are now introduced into their respective reservoirs in 
the following manner. The solution in question is placed in 
Zand pressure tubing, previously soaked in dilute sodium hydroxide 
solution and then well washed and kept in distilled water until 
ready for use, is attached to X (Fig. 14) and X, (Fig. 1). The 
bulb, Z, being held in an inclined position so that the 10 c.c. of 
solution rests on the bottom of the bulb, connexion is made at 
Y, by means of pressure tubing, to the Geryk oil-pump. Tap 6 
is turned in connexion with the pump. The bulb is now evacuated, 
the solution boiled, and the evacuation carried on until all the 
air has been expelled from the solution, when tap 6 is closed. The 
solution (manganous chloride in this case) is allowed to run into 
C, by first tilting Z and then gradually opening tap 1. This tap 
is closed so as to leave a very small amount of liquid above it. 
This process is repeated in order to fill C3. 

The apparatus is now connected to the supply of the gas to be 
analysed, connexion being made, as before, by fitting HZ into a 
ground glass cup, and sealing the joint with Everett’s wax. D is 
now opened so that it is in direct communication with the air, 
and the gas is allowed to sweep through the part of the 
apparatus between EH and D for half an hour. During this time, 
the solutions in C, and C, are admitted into A and B. At the end 
of half an hour, the temperature of the apparatus having been 
recorded, the gas flow is directed into G by turning tap D. The 
normal rate of flow of the gas need not be disturbed even although 
it is entering a vacuous space, if care is taken in manipulating the 
capillary two-way tap. 

As soon as the gas has attained atmospheric pressure in G, as 
judged by a manometer in the line of the gas flow, tap D is closed, 
and the apparatus disconnected at H. The solutions in A and B 
are mixed and poured, by inclining the apparatus, into G. The 
suspended precipitate of manganous hydroxide is slowly rocked 
from side to side frequently during a period of one hour. At the 
end of this time the gas in G is removed by attaching the Geryk 
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pump to £, securing a vacuum between D and £, and then turning 

’ D into connexion with the pump and @ for a short time. 
Reservoir C; is now filled, in exactly the same manner as C, and 
C, were filled, with starch-acid mixture. A short time is allowed 


to elapse so that the slightly warmed mixture can cool to room’ 


temperature. The glass tubing above tap 3 is now carefully filled 
with benzene, a small glass Gooch crucible holder is attached to 
X,; by means of rubber tubing, and the holder filled with benzene, 
Tap 3 is now carefully opened, and the benzene released on to the 
top of the starch—acid mixture, until the reservoir is completely 
filled. With tap 3 open, tap 7 is carefully opened and the solution 
in C, run into G, care being taken to leave a small amount of 
the starch-acid mixture above tap 7. Solution of the oxidised 
and unoxidised manganous hydroxide is effected and the liberated 
iodine colours the starch. The liquid is carefully washed round 
the apparatus, and transferred to a test-tube of the same batch 
as used for making the colour standards. Comparison of the colour 
is now made. 

The amount of starch necessary to give satisfactory tints was 
arrived at by an exhaustive trial of various concentrations of 
starch solution. 

A blank test was performed with the apparatus evacuated to 
1 x 10° mm., and no coloration was observed. 

In order to test the accuracy of the method, experiments were 
carried out, using known amounts of oxygen obtained by evacuating 
the apparatus to a known pressure of air. The colours obtained 
in this way were in excellent agreement with the standard colours 
obtained by means of potassium permanganate. 

With this apparatus it is possible to detect 1-5 parts of oxygen 
(by volume) in 10’ parts of a gas. 

This method is not restricted to the range of concentrations 
given in this paper. [or amounts of oxygen greater than 1 x 10% 
gram the iodine tints themselves may be used. 


The author’s sincere thanks are due to Professor Allmand for 
his valuable advice and keen interest, and to the Chemical Warfare 
Committee for permission to publish this work. Acknowledg- 
ments are due to Messrs. D. O. Shiels and R. Chaplin for help and 
kindly criticism, and to Mr. 8. Tayler for his work on the colour 
chart. 
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(COXCVII.—The Constitution of Carbamides. Part XV. 
A Delicate and Trustworthy Test for the Recognition 
of Cyanic Acid. 

By Emi ALPHONSE WERNER. 


Tux tests which have been hitherto available for. the detection of 
the cyanic radicle leave much to be desired when it is required to 
prove the presence of a small quantity of a cyanate in an alkaline 
solution. When, for example, cyanic acid is generated in solution 
in the presence of a considerable excess of ammonium hydroxide, 
or of ammonium carbonate, trustworthy evidence of its existence 
is difficult to obtain. Even when every care is taken, hydrolytic 
decomposition of much of the cyanic acid cannot be avoided during 


the process of neutralisation which is necessary before any of the 


hitherto known tests can be applied. 

The formation of cyanic acid by the oxidation of various carbon— 
nitrogen compounds in alkaline solution, or by the oxidation of 
many non-nitrogenous carbon compounds in presence of ammonia, 
is of special interest, since it explains the origin of the urea which has 
been obtained from many of these oxidation experiments recorded 
hy Fosse (Ann. Chim., 1916, [ix], 6, 155; Compt. rend., 1919, 168, 
1164; 469, 91) and Werner (T., 1922, 121, 2322). 

The recent discovery by Spacu (A., 1923, 124, ii, 40)* of a very 
interesting and remarkably sensitive reaction for the detection of 
copper, and incidentally of a thiocyanate, has placed in the author’s 
hands the means of securing what was much needed, namely, a 
trustworthy and delicate test for cyanic acid which can be easily 
applied to its detection at a high degree of dilution, and when 
generated under the conditions mentioned above. 

When a thiocyanate is added to a dilute solution of a copper 
salt to which a few drops of pyridine have been previously added, a 
bright yellowish-green precipitate is formed. This, as Spacu has 
shown, has the composition Cu(SCN)(C;H;N),. The compound 
is soluble in chloroform, to which it imparts an emerald-green colour. 
Hence, with solutions so dilute that no precipitate is formed, the 
presence of copper, or of a thiocyanate, as the case may be, is at once 
revealed after shaking the solution with a small quantity of chloro- 
form. According to Spacu, the test, when applied in neutral 
solutions, will detect 1 part of thiocyanate in 50,000 parts of solution. 
For copper, the limit of sensitiveness is much greater, 1 part in 
800,000 parts. 


* The original paper (Bull. Soc. Stiinte Cluj, 1922,1, 284) was not available. 
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When a cyanate is substituted for a thiocyanate in Spacu’s 


reaction, a lilac-blue precipitate is formed, which when dried becomes 


deep ultramarine in colour. The dry precipitate has the composition 
Cu(OCN),(C;H;N), (Found : CuO = 25-94. C,H, 90.N,Cu requires 
CuO = 26-03 per cent.). It is soluble in chloroform with production 
of a sapphire-blue solution. By means of this reaction, it is possible 
to detect 1 part of cyanate in 20,000 parts of solution, when the test 
is made in the following manner. A few drops of pyridine are added 
to two or three drops of a 1 per cent. solution of copper sulphate in 
about 10 c.c. of water, about 2 c.c. of chloroform are added followed 
by the solution to be tested, and the mixture is shaken briskly, when 
the chloroform will be found to subside with a blue colour. As a 
control experiment, the copper—pyridine solution should be shaken 
with the chloroform, before addition of the solution to be tested, to 
make sure that no colour is imparted to the solvent. The final 
result is very striking if a cyanate is present. The coloured chloro- 
form subsides, leaving the supernatant solution colourless. 

Whilst no particular precaution need be observed in the application 
of the test to the detection of a cyanate in moderate concentration, 
and in a neutral solution, an excess of copper must be avoided when 
dealing with very dilute solutions. The copper—pyridine derivative 
is either decomposed according to the equation 


Cu(OCN),(C;H,N), + CuSO, + 2H,0 = Cu(OCN),,Cu(OH), + 
(C;H,NH),SO,, 


or its formation is prevented, with the result that chloroform 
extracts no colour from the solution. The addition of an extra 
quantity of pyridine will bring about the desired effect. In 
describing the test for copper, or for a thiocyanate, Spacu states that 
excess of pyridine must be avoided. In the author’s experience this 
applies only to cases where a precipitate is sought for. As a matter 
of fact, a small excess of pyridine promotes the solubility of the copper 
cyanate compound, and also of the thiocyanate compound, in chloro- 
form. While the value of the reaction was being tested with dilute 
solutions of a cyanate, the failures encountered were soon found to be 
solely due to the use of an excess of copper, none were caused by the 
presence of an excess of pyridine. The chief merit of this reaction 
lies in its easy application to the detection of a cyanate in alkaline 
solution. The copper cyanate—pyridine compound is stable in the 
presence of a moderate excess of acetic acid. The solution to be 
tested is added to the copper—pyridine—chloroform mixture ; acetic 
acid is added boldly, the solution being shaken in the meantime 
between each addition of the acid. As soon as neutralisation is 
effected, the chloroform will assume a blue colour if a cyanate be 
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present. There is no danger of decomposition of the cyanic acid 
on account of the stability of the copper cyanate—pyridine compound. 
Moreover, the latter is removed from solution so effectively by chloro- 
form that the success of the test is not endangered by over-stepping 
the addition of acetic acid. 

The formation of cyanic acid in the first stage of many of the 
decompositions of urea can be admirably demonstrated by aid of 
this test. For example, the small amount of reversion of urea to 
ammonium cyanate after heating 25 c.c. of a 5 per cent. solution 
at 100° for five minutes, is sufficient to give a bright blue colour to 
2¢.c. of chloroform after the test has been completed. 

The reaction has been applied with success to the detection of 
eyanic acid in solutions containing more or less colloidal matter. 
It is in dealing with solutions of this nature that the value of the 
test will be appreciated. 


UNIVERSITY CHEMICAL LABORATORY, 
TRINITY COLLEGE, DUBLIN. [Received, August 8th, 1923.] 


CCXCVIII.—The Increased Solubility of Phenolic Sub- 
stances in Water on Addition of a Third Substance. 


By CHARLES REYNOLDS BAILeEy. 


CoNDENSED ternary systems in which two liquid layers are possible 
have been investigated by a number of workers. An exhaustive 
theoretical treatment is given in Vol. III, Part ii, of Roozeboom’s 
“Die Heterogenen Gleichgewichte,” whilst Timmermans (Z. 
physikal. Chem., 1907, 58, 129) supplies a very full list of work 
done up to 1907. Bancroft (J. Physical Chem., 1897, 1, 414) 
showed that the phenomena observed in such systems could be 
theoretically predicted from considerations of the phase rule. 
If the system is represented by the usual triangular method, for 
any given temperature one has normally a saturation curve and 
a binodal curve, and the many complications which may arise are 
due to combinations of the two. The determination of the binodal 
curves for a series of given temperatures affords one method of 
examination of the effect of a third substance on the solubility of 
one liquid in another. The method most frequently employed has 
been to determine the raising or lowering of the critical saturation 
temperature due to additions of the third substance. The second 
method is no more satisfactory for two liquid layers than it would 
be if applied to the saturation curve of the three-component system ; 
a number of isolated points are obtained which lie on the surface 
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separating the region of heterogeneity from the rest of the figure 
and the comparison of results is difficult. 

In the present research the binodal curves have been obtained 
for the following systems : 


(A) Water—phenol-sodium oleate at 0°, 20°, 40°, 60°. 
(B) Water-—o-cresol-sodium oleate at 20°. 

(C) Water-m-cresol-sodium oleate at 20°, 60°. 

(D) Water—p-cresol—-sodium oleate at 20°. 

(E) Water—phenol—pyrogallol at 20°. 


The complete examination of the above systems would present 
considerable difficulties in analysis of the solutions; furthermore 
the colloidal nature of the oleate would have to be taken into 
account. 


EXPERIMENTAL. 


Materials.—The following call for notice : 

(i) Phenol: redistilled detached crystals, m. p. 41-0°. 

(ii) Cresols (Kahlbaum): o-, m. p. 30°0°, b. p. 191°; m-, b. p. 
201°; p-, m. p. 35°8°, b. p. 201°. 

The m-cresol was twice redistilled without ridding it of a small 
trace of impurity which was believed to be present (see p. 2584). 

(iii) Pyrogallol: m. p. 133°. 

(iv) Sodium oleate: The usual extreme difficulty was experi- 
enced in obtaining a satisfactory sample. The first specimen used 
made no claim to purity and was a waxy, yellow, Sreasy solid with 
a rank odour. Oleic acid was obtained from this by the lead salt- 
ether method and dissolved in ammonia; the barium salt was 
then precipitated, extracted with benzene-alcohol, and decomposed 
with tartaric acid : the oleic acid so obtained had an iodine number 
of 89°5. Sodium oleate was prepared by dissolving the acid in 
absolute alcohol and titrating with sodium dissolved in the same 
solvent. This sample was used as a check on the others prepared 
from “specially purified” oleic acid supplied by various firms. 
Certain specimens had iodine numbers of 88—89, but seemed to 
contain some compensating impurities, since they gave rise to 
abnormalities on the curves which were not present with the 
standard sample. A supply of post-war oleic acid “ Kahlbaum ” 
was obtained from Germany and the oleate prepared from this 
gave satisfactory results. The samples of oleate thus obtained 
were white powders, not in the least greasy and with but very 
faint odour. 

Procedure——The ‘synthetic’? method was adopted, whereby 
to certain mixtures of the two liquid components at given tem- 
peratures the solid was added until the critical saturation tem- 
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rature was reached. A thin glass tube of }-inch bore with an 
inch bulb blown at one end and closed by a ground-in glass stopper 
was used, the whole being about six inches in length. The two com- 
ponents were introduced and weighed and the tube was suspended 
in a thermostat; the third component was added with constant 
shaking until that mixture was reached which had its critical 
saturation temperature at the temperature of the thermostat. 
The neighbourhood of this concentration was indicated by the 
appearance of the critical opalescence followed by the sudden 
increase in turbidity denoting the actual separation into two 
layers when the original mixture was homogeneous; the reverse 
process is applicable to originally heterogeneous mixtures. Thus 
to homogeneous mixtures of (i) phenol—oleate or (ii) water—oleate 
the third component was added until the required turbidity was 
produced; any further addition of that component leads to the 
formation of an emulsion which breaks down on standing with 
the formation of two layers. If, however, (iii) one continues to 
add the third component, the point representing the composition 
of the mixture traverses the heterogeneous region until a single 
liquid phase results. It is also possible (iv) to start with a hetero- 
geneous mixture and to add solid until the disappearance of one 
liquid phase results. The four methods were applied and gave 
concordant results which have been checked by working in a sealed 
tube. Blank experiments were also carried out to ascertain whether 
there was any loss by evaporation during the course of the work; 
this was found to be negligible. The points so obtained were 
plotted on triangular co-ordinates. 


Experimental Results. 


Tables I—V give the percentage composition of certain of those 
mixtures of the three components which have their critical satur- 
ation temperature at ¢°, where ¢t = temperature of the isotherm in 
question. Thus a mixture of 82°7 parts of water and 16-0 parts of 
phenol has its critical saturation temperature normally at 58°6° 
(see p. 2587); by the addition of 1:3 parts of sodium oleate this 
is lowered to 0° (Table Ia, No. 4). The lowering of critical satura- 
tion temperature is represented by 7' — t, where T' is the critical 
saturation temperature for the two liquids in the absence of the 
solid: this will be considered under “‘ 7'heoretical.” 

The general form of the binodal curves is given in Fig. 1. The 
proportion of oleate is exaggerated approximately four times for 
the purpose of reproduction, as otherwise the curves lie too close 
to the base of the triangle; the phenomena observed are well 
represented by the diagram, however. If, for example, one starts 
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with a mixture of water and oleate given by the point A (Fig. 1) 
and adds phenol, the point representing the composition of the 


Fia. 1. 
Oleate. 

No. 
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N 


— ee | 


Phenol. 
TABLE I. 
System (A), Phenol-Water-Sodium Oleate. 
(a) Temp. ¢ = 0°. (b) Temp. ¢ = 20°. 
Percentage. Percentage. 
No. Water. Phenol. Oleate. No. Water. Phenol. Oleate. 
1 92-8 7-2 — 1 92-1 79 — 
2 91-1 8-7 0-2 2 90-0 9-8 0-2 
3 87-1 12-1 0-8 3 89-4 10-3 0-3 
4 82-7 16-0 1:3 4 86-2 13-2 0-6 
5 74-5 23-4 2-1 5 82-5 16-5 1-0 
6 62-3 34-8 2-9 6 75:7 22-9 1-4 
7 37°1 58-5 4:4 7 56-5 41-2 2-3 
8 31-8 64-7 3°5 8 37-2 59-7 3-1 
9 27-6 70-4 2-0 9 34-6 62-6 2-8 
q 10 25°3 74-7 = 10 28-8 70-8 0-4 
: 11 28-6 71-4 — 
(c) Temp. ¢ = 40°. (d) Temp. ¢ = 60°. 
: 1 90:6 9-4 _ 1 82:4 17-6 _ 
i 2 87-0 12-8 0-2 2 71-5 28-4 0-1 
{ 3 83-4 16-2 0-4 3 63-1 36°7 0-2 
j 4 75:0 24-2 0-8 4 46-4 53-6 — 
! 5 49-8 48-4 1-8 
i 6 47-7 50-5 1-8 
4 7 40-7 57-6 1-7 
‘ 8 37-7 61.0sid:B 
9 35-0 64-5 0-5 
10 34:4 65-6 -= 
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TABLE II. 
System (B), o-Cresol—-Water-Sodium Oleate. 
Temp. ¢ = 20°. 

Percentage. Percentage. 
Water. Cresol. Oleate. No. Water. Cresol. 
97-2 2-8 -= 8 15-9 80-6 
90-2 7-5 2°3 9 14-7 84-0 
85-8 10-5 3°7 10 14-2 85-1 
60-2 31-3 8-5 11 13-9 85-7 
42-0 49-5 8-5 12 13-7 86-0 
25:3 67-3 7-4 13 13°6 86:4 

18-9 75:5 5-6 
TaBLeE III. 


System (C), m-Cresol-Water—Sodium Oleate. 
(a) Temp. ¢ = 20°. 


Percentage. Percentage. 
Water. Cresol. Oleate. No. Water. Cresol. 
97-6 2-4 — 8 41-6 45-1 
93-6 5-2 1-2 9 33:1 52-8 
85-5 11-0 3-5 10 26-2 61-6 
78:8 16-0 5-2 11 20-3 71-4 
69-2 23-6 7-2 12 15-1 81-2 
54-5 36-4 9-1 13 13-2 84-9 
46-4 42-6 11-0 14 12-8 87-2 


97-0 3-0 27-5 63-3 
92-1 6-6 1-3 9 22-4 71-0 
86-9 10-5 2-6 10 18-2 79-6 
72-4 22-5 5-1 1] 17-1 82-0 
63-1 30-7 6-2 12 16-8 82-7 
42-8 48-6 8-6 13 16-6 83-4 
35-5 54:3 10-2 


TABLE IV. 


System (D), p-Cresol-Water-Sodium Oleate. 
Temp. ¢ = 20°. 


Percentage. Percentage. 

Water. Cresol. Oleate. No. Water. Cresol. 
98-0 2-0 — 8 28-6 62-4 
90-8 7-5 1-7 9 22-8 71-0 
85-0 12-1 2-9 10 19-5 76-4 
78-7 17-2 4-1 11 17-2 80-3 
57-2 35-6 7-2 12 16-4 81-8 
53-5 38-9 7-6 13 14-8 85-2 
42-1 48:8 9-1 
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TABLE V. 
System (E), Phenol-Water—Pyrogallol. 
Temp. ¢ = 20°. 
Percentage. Percentage. 
Pyro- Pyro. 
No. Water. Phenol. gallol. No. Water. Phenol. gallol, 
1 92-1 7-9 — 8 55-4 38-7 5-9 
2 90-7 8-5 0-8 9 51-1 43-2 5:7 
3 89-2 9-2 1:6 10 49-3 45-2 55 
4 83-4 12-5 4-1 1l 42-1 53-1 4-8 
5 75°5 19-2 5:3 12 35-7 61-0 33 
6 69-7 24-5 5:8 13 31-4 66-9 1-7 
7 63-9 30:1 6-0 14 28-6 71-4 — 


mixture travels along the line ABC; at B the solution becomes 
heterogeneous; on further addition of phenol the point crosses 
the heterogeneous region until it arrives at C, when the mixture 
becomes once more homogeneous. The curves give the necessary 
amounts of oleate to be added to render phenol and water in any 
given proportions completely miscible at the required temperature. 
The purity of the substances employed in this research may be 
tested by determining one or two points on the curves; the nature 
of the abnormalities to be expected may be seen by reference to 
the dotted line HF in Fig. 1; the first portion of the binodal curve 
for an impure substance follows that for the pure very closely, but 
impurities in either the oleate or the phenol lead to a very large 
increase in the amount of oleate in the neighbourhood of the maxi- 
mum of the curve. Inspection of the results obtained for m-cresol 
(Table III) will show that the trace of impurity was not completely 
removed. 

The water-rich side of the binodal curve for the oleate is, for the 
greater part of its course, a straight line directed to the water 
vertex. Consequently, if to a mixture of phenol and oleate repre- 
sented by the point D (Fig. 1) water is added, the composition 
of the mixture travels along the binodal curve and one has a pro- 
longed critical opalescence. 


Theoretical. 


Bancroft (loc. cit.) has shown that the influence of a third sub- 
stance on the miscibility of two liquids depends on its comparative 
solubilities in both. The following cases present themselves : 

(i) The third substance is appreciably soluble in one liquid only: 
the critical saturation temperature is raised. 

(ii) The third substance is soluble in both liquids, but only to a 
very small extent; the critical saturation temperature may be 
either raised or depressed, but only very slightly in either case. 

(iii) The third substance is easily soluble in both liquids; the 


Molecular devression of C.S.T. 


SUBSTANCES IN WATER ON ADDITION OF A THIRD SUBSTANCE. 2585 


critical saturation temperature is depressed and to the greater 
extent the more nearly the ratio of the comparative solubilities 
approaches unity. 

Many examples may be cited (see Table X) and the above gener- 
alities are fully borne out in practice. Several types have been 
investigated by Timmermans (loc. cit.), but the few isolated points 
chosen do not lend themselves readily to comparison of results. 

In the case where the third substance is soluble in one liquid 
oly, considerable analogy exists between the raising of critical 
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saturation temperature and the results of additions of a third non- 
volatile substance on the critical temperature of a liquid and its 
vapour. The upper liquid layer in the liquid-liquid system cor- 
responds to the space above the vapour in the other; the classical 
work on the subject is that of Centnerszwer (Z. physikal. Chem., 
1903, 46, 427). Certain expressions devised to correlate the change 
of critical temperature with the additions have been applied to the 
two-liquid systems, but without much success. That of van’t 
Hoff (Chem. Weekblad, 1903, 1, 93) is the simplest, but assumes 
that the molecular elevation of critical saturation temperature 
is constant. The values of the molecular elevation have been 
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calculated for the systems examined and some of the results arp By 
recorded in Tables VI—IX and Figs. 2—4. It will be seen that § pon 
this assumption is far from true and that the elevation depends § ™@Y 
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on, among other things, the concentration of phenol in the mixture. : 
Van Laar evolved a complicated expression from the results of 6 
Centnerszwer’s work (Chem. Weekblad, 1905, 2, 223), but it involves : 
a calculation of the critical constants of the liquids employed. 9 
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By analogy with Raoult’s expression for the elevation of boiling 

int, the molecular elevation of critical saturation temperature 
may be obtained from the formula 

E=(t—T)/¢, 
where 7' = critical saturation temperature before addition of the 
third substance, ¢ = critical saturation temperature after addition, 
and C = concentration of the third substance in moles per kgm. 
of the phenol—water mixture. 

Certain of the values given by that expression are detailed in 
Tables VI—IX, where the numbers of the experiments correspond 
with those of Tables I—V and the percentages of the phenol in 
the phenol-water mixture have been recalculated from those 
experiments. Some results are shown graphically in Figs. 2-4, 
where the molecular elevation of critical saturation temperature 
(reckoned positively as a depression) has been plotted against the 
percentage of phenol in the mixture. The values of 7’ have been 
extrapolated from the saturation curves for the pairs of liquids 
examined; the maximal points on those curves are as follows : 


Water-phenol:  65°3°, 36:°5% phenol (Timmermans, loc. cit.). 
-o-cresol: 162°8°, 40°89% cresol) (Sidgwick, Spurrell, and 
—m-cresol : 146°9°, 35°6% cresol} Davies, T., 1915, 107, 
» ~—p-cresol: 143°7°, 35°5% cresol | 1202). 

Timmermans’s results have been chosen in preference to those of 
the many other workers on that system, as they are in agreement 
with values obtained in the present research (see Timmermans, loc. 
cit.). 


”? 


»> 


TABLE VI. 
System (A), Phenol—Water-Sodium Oleate. 
(a) Temp. ¢ = 0°. (6) Temp. ¢ = 20°. 


No. % Ph. C. ?. -Hx10%. No. % Ph C. T. -Ex10". 
2 8-7 0-0066 33-0 50-0 2 9-8 0-0076 42-5 29-6 
3 12-2 0-027 51-7 19-1 3 10:3 0-010 44-2 24-2 
4 16:2 0-043 58-6 13-4 4 13:3 0-022 653-5 15-0 
5 23-9 0-073 62-9 8-6 5 16:7 0-033 58-5 11-7 
6 35:8 0-097 65:3 6-7 6 23-2 0-047 62-7 9-1 
7 61-2 0-147 50-4 3-4 7 42:2 0-076 64-6 5-9 
8 67-1 0-122 36-7 3-0 8 61:6 0-106 49-3 2-8 
9 71:8 0-066 17-6 2-7 9 644 0-093 43-7 2-5 
10 71-1 0-013 21-5 1-1 

(c) Temp. ¢ = 40°. (d) Temp. t = 60°. 
No. % Ph. (C. 7. -Bxie". No. % Fh. 0. T. -£x10". 


12-8 0-0066 53-2 20-0 2 284 0-0033 63-2 9-7 
16-3. 0-013 58-5 14-1 3 36:8 0-0077 65-2 6-7 
24:4 0-026 63-1 8-9 4 650-8 0-0052 61-7 3-3 
49-3 0-058 62-5 3-9 
51-2 0-062 61-5 3-5 
58-6 0-055 54-3 2-6 
61-8 0-043 49-1 2-1 
64-8 0-016 42-5 1-5 
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TaBLE VII. 
System (C), m-Cresol-Water-Sodium Oleate. 


(a) Temp. ¢t = 20°. (6) Temp. ¢ = 60°. 
No. % Cr. C. T. -Ex10%. No. %Cr. C. T. -Ex10+, 


2 53 0-0394 104-0 21:3 2 6-7 0-0434 131-0 16-4 
11-4 0-121 138-6 9-76 3 10:8 0-0902 136-5 8-5 
4 16:9 0-178 143-1 6-9 4 23-7 0-182 145-4 4-7 
5 265 0-256 145-8 4-9 5 32-8 0-216 146-8 4-0 
6 40:0 0-328 146-7 3-9 6 53-2 0-310 144-6 2-7 
7 479 0-404 146-0 3-1 7 60-5 0-376 141-2 2-2 
8 52:0 0-506 145-0 2-5 8 69-7 0-332 126-4 2-0 
9 61:5 0-539 140-3 2-2 9 76:0 0-239 106-8 1-9 
10 70-2 0-459 125-2 2-3 10 81-4 0-0752 76-5 2-2 
11 77-9 0-297 97-8 2-6 ll 82-7 0-0301 67-0 2:3 
12 843 0-127 52-0 2-5 12 83-1 0-0155 64-0 2-6 
13 86:5 0-0633 27-0 1-1 
TaBLeE VIII. 
System (D), »-Cresol-Water-Sodium Oleate. 
Temp. ¢ = 20°. 

No. % Cr. C. T. -Ex10*%. No. %Cr. CC. T. -Ex10+, 
2 7-6 0-0570 124-6 18-3 8 68:5 0-323 121-0 3-1 
3. 12-4 0-0980 136-6 11-9 9 75:8 0-221 96-7 3-5 
ot 17-9 0-139 140-7 8-7 10 79:6 0-136 77-5 4-2 
5 37:5 0-256 143-6 4-8 1l 82:3 0-0839 55-0 4-2 

,6 42:1 0270 143-4 4-6 12 833 0-0618 43-0 3:7 
7 53:7 0-331 139-9 3-6 

TaBLE IX. 
System (E), Phenol—Water—Pyrogallol. 
Temp. ¢ = 20°. 

mo % Fu. C. T. -Ex10%. No. %Ph. C. T. -Ex107. 
2 85 0-0640 35-0 2-4 8 41-2 0-497 64-7 0-90 
3 94 0-130 39-5 1-5 9 45-8 0-481 63-7 0-91 
4 13:0 0-337 53-7 1-03 10 47-8 0-468 62-9 0-92 
5 20:2 0-445 61-3 0-93 11 55:7 0-397 58-3 0-96 
6 26:0 0-492 63-5 0-88 12 63-0 0-270 47:3 1-0 
Fj 32:0 0-502 64-8 0-89 13 68:0 0-136 32-4 0-91 


Examination of Figs. 2—4 shows that certain characteristics 
are common to the systems considered in the present research. 
E is numerically greatest in mixtures containing a high percentage 
of water; this appears to be generally true where the third sub- 
stance is soluble in the phenol alone or soluble in both liquids; 
reference to Table X will show that for electrolytes soluble in water 
only, in the two cases available, the reverse is true. Along the 
middle portion of the curves the relation between the concentration 
of phenol and Z is approximately linear. There is then a rise to a 
maximum (except for phenol and sodium oleate, Fig. 2), followed 
by a fall, which can be extrapolated to the point representing 
the solubility of water in the phenol for a zero value of ZH. Where 
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more than one isotherm has been examined, the H-curves intersect 
in the neighbourhood of the percentage of phenol corresponding 
to the maximal point on the saturation curve (p. 2587). Hence it 
would seem that at that point, no matter to what temperature 
the critical saturation temperature has been depressed, H is con- 
stant. In other words, H is there proportional to the amount of 
the third substance added. 

As a consequence of the above reasoning, it appears that com- 
parisons between the effects of different third substances can only 
be correctly instituted at the maximal critical saturation tem- 
perature, that is, at points lying on the critical curve of the ternary 
system concerned. Table X shows that even with a knowledge of 
molecular weights and of comparative solubilities, it is not possible 
to state beforehand the quantitative value of H. An expression 
to correlate the molecular concentration of the third substance with 
the elevation of critical saturation temperature must contain terms 
involving (a) the temperature to which the critical saturation tem- 
perature is raised or depressed, (b) the percentage composition of 
the liquid-liquid mixture, and (c) very probably the chemical and 
physical properties of the components. 

In the following table a comparison of H for certain third sub- 
stances in a phenol—water mixture has been made. The values 
given are extracted either from Timmermans’s work (loc. cit.) or 
from the present research. Three representative phenol—water 
mixtures have been taken, (i) rich in phenol (71%), (ii) at the 
maximal critical saturation temperature (36°5%), (iii) poor in 
phenol (9°4%). The critical saturation temperature has in each 
case been lowered to 20°. 


TABLE X. 
Value of E for mixtures containing 
Substance. M. wt. 71% 365% 94% of phenol. 
Naphthalene ......... 128 60 200 1650 ) sa 
GAMDDOE s..600scccesees 152 80 220 1300 
Azobenzene .........++. 182 80 180 — Third substance 
Benzophenone ......... 182 80 260 — | soluble in phenol, 
_ aeevereerere 210 80 260 — | 
Anthraquinone ...... 208 120 200 1200 | 
Sodium chloride ...... 58-5 _ 70 — | 
Potassium chloride... 74-5 280 75 25 . 
Magnesium sulphate 120 — 180 — eres wrnigrese on 
Potassium sulphate... 174 — 242 — ee 
Barium nitrate ...... 261 —_ 130 55 
Boric acid .........4+. 62 —_ 9 — 
annie — 122 —_ 9 — 
alicylic acid ......... 138 — —9 -— F 
Mercurit cyanide ... 252 —30 —42 — 65 poe onvienat 
Succinic acid ......... 118 —909 -90 —100 ee ee 
Pyrogallol ............ 126 —90 -90 —134 
Sodium oleate ......... 304 —200 —680 —3000 
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It will be seen that reasonable constancy is obtained for any 
one concentration only where the third substance is soluble in 
phenol alone. 


My thanks are due to Professor F. G. Donnan, F.R.S., for sug. 
gesting the research and for guidance in carrying it through; and 
to the Research Fund Committee of the Chemical Society for a 
grant which has covered the cost of materials used. 
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CCXCIX.—Organic Derivatives of Silicon. Part XX VII. 
A Probable Example of Tervalent Silicon. 


By Freperic STanLey Krpprna. 


THE unsaturated silicohydrocarbon produced by the action of 
sodium on diphenylsilicon dichloride (Kipping and Sands, T., 1921, 
119, 830) is so sparingly soluble that it resists the attack of many 
reagents by which it would no doubt be immediately decomposed 
if it were in a dissolved state; thus it is not appreciably acted on by 
boiling aqueous solutions of alkalis, potassium permanganate, or 
dichromate, and by such behaviour, together with its stability at 
high temperatures, gives a totally false impression of its reactivity. 
It is, as a matter of fact, a very unstable compound. Even in the 
solid state it changes on exposure to light and air and slowly acquires 
a distinct yellow colour, and it undergoes atmospheric oxidation in 
toluene solution at 100°. When its solution in benzaldehyde is 
boiled on a reflux apparatus, the silicohydrocarbon is completely 
decomposed with great rapidity; a solution of the same concen- 
tration in diphenyl, boiled during incomparably longer periods, 
still contains a considerable proportion of the unchanged compound. 
It must be inferred, therefore, that the silicohydrocarbon is acted 
on by the benzaldehyde. 

Under similar conditions, the unsaturated compound is slowly 
oxidised in benzyl alcohol, acetophenone, or paraldehyde solution, 
presumably by the combined oxygen of the solvent. Amy] nitrite, 
at its boiling point, also decomposes it. The silicohydrocarbon is 
attacked by ozone, giving, apparently, not an ozonide, but a 
mixture of oxidation products. 

More noteworthy even than the above evidence of instability, 
is the fact that the silicohydrocarbon is attacked by various aliphatic 
and other halides. It has previously been shown that it is very 
rapidly changed by boiling tetrachloroethane, giving, probably, a 
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dihalogen additive product from which the oxide Si,Ph,O is pro- 
duced on subsequent hydrolysis. It is also decomposed when its 
solution in ethylene dibromide or bromobenzene is boiled under a 
reflux condenser; the reaction with ethylene dibromide takes place 
so rapidly in comparison with that which occurs with bromobenzene 
that it cannot be attributed to atmospheric oxidation and is, doubt- 
less, analogous to the change brought about by tetrachloroethane. 
Although the silicon compound can be recrystallised from phos- 
phorus tribromide, it is very quickly decomposed when the solution 
is boiled; here again it seems that a dihalogen derivative is formed. 
The products of these reactions with halogen derivatives give, on 
hydrolysis, the oxide already mentioned, the rhomboidal oxide 
(loc cit.), and in some cases the oxide Si,Ph,O,, melting at 245—246°, 
js also formed. In spite of its reactivity with the above-named 
halogen compounds, the silicohydrocarbon seems to be inert towards 
hydrobromic acid. It is also recovered practically unchanged when 
its toluene solution is heated with a little diphenylsilicon dichloride, 
but the boiling dichloride alone rapidly converts it into glue-like 
products. 

It is clear from these observations that the unsaturated silico- 
hydrocarbon is an exceptionally active compound and differs in a 
most marked manner from its supposed isomeride.* As all the 
evidence shows that the molecule of the unsaturated compound 
does not contain the group >Si = Si<, >Si = C <, or >C = C<, 
it is suggested that it contains two tervalent silicon atoms and 
may be represented by ...SiPh,*SiPh,*SiPh,’SiPh,... 

The fact that solutions of the silicohydrocarbon are colourless, 
whereas those of triphenylmethy] and of other substances containing 
tervalent atoms of elements generally quadrivalent, are more or less 
highly coloured, is an argument against this view, the weight of 
which it is not easy to determine; on the other hand, the change 
in colour of the silicohydrocarbon when it is kept recalls the similar 
but more rapid change which occurs in the case of triphenylmethyl 
and phenylbisdiphenylmethyl (Schlenk, Herzenstein, and Weickel, 
Ber., 1910, 43, 1753). In connexion with this point it may be stated 
that on several occasions, during the course of the reaction between 
sodium and diphenylsilicon dichloride, the toluene solution acquired 
a distinct reddish-yellow colour, which rapidly became much paler 
when the solution was shaken well and thus brought into contact 


* The cryoscopic results obtained with the saturated silicohydrocarbon 
are not absolutely conclusive evidence that the molecular formula is Si,Phg, 
since in the case of trianhydrotrisdiphenylsilicanediol (Kipping, T., 1912, 101 
2125) and the corresponding tetrakis derivative the experimental values are 
about 16 per cent. lower than the theoretical. 
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with the air; solutions which showed this behaviour could be 
repeatedly changed from pale to brownish-yellow and back again, 
but in most of the preparations the solutions remained pale yellow; 
on one occasion a cold, pale yellow toluene solution of the reaction 
product gave, when filtered, an orange-coloured liquid and the blue 
residue of sodium chloride, etc., extracted with toluene, gave an 
almost blood-red filtrate, which apparently contained a sodium 
derivative and gradually lost its colour on exposure to the air. 

These colour changes have not yet been accounted for, but they 
may be due to the presence of some compound of tervalent silicon. 

The direct combination of the silicohydrocarbon with oxygen is a 
much more pregnant fact pointing to the presence of tervalent 
silicon. Owing to the necessarily very low concentration of a 
toluene solution and other unfavourable conditions, atmospheric 
oxidation is a relatively slow process, but the silicohydrocarbon 
abstracts combined oxygen from boiling nitrobenzene with very 
great rapidity, giving an oxide, Si,Ph,O, (Joc. cit.) ; it is also oxidised 
very rapidly by boiling benzaldehyde, more slowly by certain other 
liquids containing combined oxygen. The products are usually 
so numerous that for this and other reasons their complete identifi- 
cation has been impossible, but in every instance there is certainly 
formed one, if not two oxides, Si,Ph,O,, together with the oxide 
Si,Ph,O. Whether either of these dioxides is a peroxide analogous 
to that of triphenylmethyl (or pentaphenylethy]) is still uncertain; 
the rhomboidal oxide, especially, seems to be very stable, but it is 
conceivable that a silicon peroxide may have properties very 
different from those of a carbon analogue; on the other hand, it 
may be that a silicon peroxide is actually formed, but is unstable, 
and passes into one or both of the dioxides. 

The behaviour of the unsaturated silicohydrocarbon towards 
iodine, tetrachloroethane, ethylene dibromide, and phosphorus 
tribromide affords perhaps the strongest experimental evidence 
in favour of the assumption of tervalent silicon. The reaction with 
iodine is rapid and quantitative at the ordinary temperature, the 
well-defined di-iodide being formed (loc. cit.); in the other three 
cases it seems clear that the silicohydrocarbon takes up combined 
halogen. The behaviour of triphenylmethyl and its analogues 
towards halogen compounds does not appear to have been recorded ; 
whatever it may be, it must be conceded that the above facts prove 
that the silicon atoms are most abnormally reactive. The stability 
of the silicohydrocarbon in presence of hydrobromic acid may be 
due to the insolubility of the compound in water or to the instability 
of the silicon—hydrogen union. 

When the structure of this unsaturated silicon compound was 
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first considered, the suggestion of tervalent silicon did not commend 
itself (loc. cit.) because of the existence of the supposed isomeride, 
which is very probably an octaphenylcyclosilicotetrane (compare 
foot-note, p. 2591). It was thought that two compounds having such 
arelationship should be easily convertible one into the other, as, for 
example, is the case with triphenylmethyl and hexaphenylethane, 
and also that such an unsaturated compound should give polymerides, 
,. SiPhy[SiPh,],°SiPh, ..., etc., which might pass into closed-chain 
compounds. 

The results recently published by Schlenk and Mark (Ber., 1922, 
55, |B], 2285) and the author’s own experiments on the production of 
saturated open-chain derivatives of silicotetrane (this vol., p. 2598), 
together with the very striking evidence just summarised, have 
shown that such arguments cannot be maintained. Since, appar- 
ently, triphenylmethyl and pentaphenylethyl do not combine 
together in solution to form octaphenylpropane, and since penta- 
phenylethyl does not give decaphenylbutane, it is clear that different 
or identical molecules containing tervalent carbon may show no 
tendency to combine; obviously then this may also be so in the 
case of tervalent silicon. 

Whether tervalent carbon compounds owe their formation and 
existence to the inequality of the binding energies of the quadrivalent 
carbon atoms, or to steric hindrance, or to a combination of the two 
causes, in the author’s opinion the assumption of steric hindrance 
gives a reasonable interpretation of all the facts in the case of these 
silicon compounds. 

The silicon atoms represented as tervalent in the molecule of the 
octaphenyl derivative may be so masked by phenyl groups that 
their union with one another only takes place with great difficulty ; 
they combine with avidity with atoms of small volume, such as 
those of oxygen or of halogens, and may be made to unite with ethyl 
groups with difficulty, but not with phenyl groups (this vol., p. 2598). 
The action of sodium on diphenylsilicon dichloride doubtless takes 
place in stages, giving dihalogen compounds such as SiPh,Cl-SiPh,Cl, 
SiPh,Cl-SiPhg*SiPh,’SiPh,Cl, etc.; the dichlorosilicotetrane deriv- 
ative may then be converted by the elimination of chlorine partly 
into the open-, partly into the closed-chain silicohydrocarbon, but 
the formation of the latter may only take place when the terminal 
groups of the molecule are in a favourable position; alternatively, 
it may be that the closed-chain compound is only formed directly 
from two molecules of the dichloride SiPh,Cl‘SiPh,Cl. When under 
favourable conditions the closed-chain silicohydrocarbon is once 
formed, the product may owe its relative stability to the masking 
of the silicon atoms by the phenyl groups. 
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These views are put forward tentatively; in the near future it js 
hoped that some further interesting, but more complex products, 
of the action of sodium on diphenylsilicon dichloride will be described 
and it may then be possible to arrive at more definite conclusions. 


EXPERIMENTAL. 


A specimen (about 2 grams) of the pure silicohydrocarbon, Si,Ph,, 
contained in a closed weighing bottle, which had been opened from 
time to time, acquired a distinct yellow colour diminishing from the 
outside inwards. The sample had been exposed to diffused daylight 
on the laboratory bench during a period of at least twelve months; 
it became colourless when washed with ether, which extracted from 
it a very minute proportion of yellow, non-crystalline matter. 

Evidence of Atmospheric Oxidation.—The pure silicohydrocarbon 
(0-6 gram) was covered with distilled toluene (20 c.c.) in a platinum 
basin heated on a water-bath, fresh toluene being added from time 
to time; at the end of about fourteen hours, all the solvent having 
evaporated, there was a gain in weight of 0-9 per cent. and the 
residue was distinctly yellowish-brown. The conversion of the 
whole of the compound into the oxide Si,Ph,O would have required 
a gain in weight of about 2-2 per cent. The product, extracted 
with a little cold benzene, gave a residue (0-47 gram) of the original 
substance and the benzene extract contained matter soluble in cold 
acetone, which consisted chiefly of the oxide Si,Ph,O, the remainder 
being of a glue-like consistency. 

Oxidation of the-Silicohydrocarbon with Benzaldehyde.—In search- 
ing for a suitable solvent for the unsaturated compound, it was 
noticed that its solubility in boiling benzyl alcohol was greater than 
in boiling benzene, and that when cooled the solution deposited 
glistening prisms; when, however, the solution had been boiled 
during some time, it gave no deposit. Thus 0-25 gram of the 
compound dissolves readily in 2 c.c, of the boiling alcohol, and the 
cooled solution gives a relatively large crop of crystals; after having 
been boiled under a reflux condenser during four hours, the cold 
solution gives no deposit and on evaporation under reduced pressure 
leaves a glue which is completely soluble in cold acetone. 

As this result might conceivably have been due to atmospheric 
oxidation, although there was throughout a layer of vapour above 
the solution, the silicohydrocarbon (0-25 gram) was treated with 
diphenyl (2 grams) under as nearly as possible the same conditions 
as before, except that the temperature was nearly 50° higher. At 
the end of six hours, a large proportion, at least, of the silicon com- 
pound remained unchanged, and it was not until after the solution 
had been boiled during a further period of about twenty-four hours 
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that decomposition seemed to be practically complete, the addition 
of 2 volumes of ether then giving no precipitate. 

A solution of the silicohydrocarbon in boiling benzaldehyde, which 
gives a heavy deposit when it is cooled, ceases to do so when it has 
been boiled during only ten minutes, even when it is seeded with a 
erystal of the original substance and then diluted with ether, in 
which the compound is practically insoluble. This extraordinarily 
rapid action cannot be due to atmospheric oxidation and it is 
certainly not merely an effect of high temperature. 

Other solvents containing combined oxygen have an action 
comparable with that of benzyl alcohol rather than with that of benz- 
aldehyde as regards rapidity. Thus, in the case of acetophenone, 
the solution must be boiled during some hours before it ceases to 
give a deposit when it is cooled. The silicohydrocarbon is only 
very sparingly soluble in boiling paraldehyde, but on prolonged 
heating it passes into solution and the liquid on evaporation gives 
a syrup. 

In all the above cases, after the expulsion of the solvent, 
there remained a yellow or brown oil, which was partly or completely 
soluble in cold acetone; the insoluble portion, if any, consisted of 
the rhomboidal oxide (m. p. 221—222°). From the acetone solution, 
by fractional precipitation with alcohol, crystalline deposits of the 
oxide Si,Ph,O were usually obtained and the mother-liquors then 
gave viscous oils which possibly consisted of the condensation 
products of diphenylsilicanediol. 

The action of amyl nitrite was tried in the hope of obtaining a 
better method for the preparation of the dioxide melting at 245— 
246° (loc. cit.) than by the action of boiling nitrobenzene, but the 
results were not satisfactory. When the silicohydrocarbon (1 gram) 
is covered with amyl nitrite (about 14 c.c.) and the liquid heated at 
its boiling point during about three hours, some 60 per cent. of the 
original substance is recovered. The portion which is soluble in 
chloroform gives deposits of the rhomboidal oxide, and the mother- 
liquors then contain the oxide Si,Ph,O, but the presence of the 
dioxide melting at 245—246° could not be detected with certainty. 

Action of Ozone.—The silicohydrocarbon (0-5 gram) was covered 
with carbon tetrachloride (20 c.c.), in which it is only very sparingly 
soluble, and dilute ozonised oxygen was passed into the liquid 
during about two hours with occasional warming; all the powder 
had then dissolved and on evaporating the solution there remained 
a brown pungent-smelling glue, soluble in hot acetone. The 
orange-coloured solution had a strongly acid reaction to litmus and 
gave a heavy precipitate with an aqueous solution of silver nitrate ; 
when warmed with alcohol, it gradually afforded a crystalline deposit 
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which contained the rhomboidal oxide and the oxide Si,Ph,0, 
while the mother-liquors on evaporation gave a glue. 

As, under the above conditions, the solvent had evidently taken 
part in the reaction, the silicohydrocarbon (0-5 gram) was covered 
with carbon disulphide (20 c.c.), in which it is practically insoluble, 
and ozonised oxygen was passed through the suspension during 
about two hours. The solution, filtered from unchanged substance, 
gave on evaporation a brown crystalline mass, from which the oxide J 4 g; 
Si,Ph,0 and the rhomboidal oxide were isolated; the mother. 
liquors gave a “ glue ’’ readily soluble in cold acetone and in benzene 
and also a gelatinous product miscible with acetone but quite 
insoluble in benzene, which is obtained from the silicohydrocarbon 
in very small quantities under the most varied conditions; this 
product is precipitated as a jelly when its acetone solution is treated direct 
with benzene and when free from solvent forms a resinous powder, 
which cannot be melted. The 

Action of Ethylene Dibromide.—The unsaturated silicon compound diphe: 
can be recrystallised from boiling ethylene dibromide, in which it is 
only sparingly soluble, but when the solution is boiled on a reflux § odiu 
apparatus during a few minutes only, a very small proportion, if 
any, of the original substance is deposited in the cold; after it has J carbo 
been boiled during about ten minutes, decomposition seems to be § jurin 
complete. The action of ethylene dibromide, therefore, appears J jich| 
to be almost if not quite as rapid as that of tetrachloroethane ; the 
two reactions are also similar in type and not in any way due to Bj olat 
atmospheric oxidation. Thus, when the cold ethylene dibromide § [py 
solution which has been boiled is shaken with aqueous acetone, the temp 
aqueous liquid has an acid reaction and gives an immediate pre- J that 
cipitate on the addition of an aqueous solution: of silver nitrate. J verte 
It must be concluded, therefore, that the silicon compound has been § form 
transformed into a dihalogen additive product, and in accordance § some 
with this view the oxide Si,Ph,O can be isolated from the solution pale 
after hydrolysis. the 1 

The decomposition of the silicon compound in boiling bromo- prop 
benzene solution takes place relatively so slowly that it is not 
comparable with the change just described; probably it is due to TI 
atmospheric oxidation because, when, after some six to eight hours, § g¢ic, 
decomposition is practically complete, there is no evidence of the J a,j. 
formation of a silicon halide. The product in this case seemed to § jay; 
be free from the rhomboidal oxide, but contained the dioxide J jnve 
melting at 245—246°, and probably also the oxide Si,Ph,O together 
with some non-crystalline matter. 

Phosphorus tribromide has a very rapid action on the silicohydro- 
earbon, and although a quickly prepared hot solution gives a 
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crystalline deposit when it is immediately cooled, there is none if it 
has been boiled during about ten minutes; when diluted with light 

troleum and kept during some hours, the mixture gives a small 
gop of crystals which is soluble in boiling acetone; this solution 
then gives crystals of the oxide Si,Ph,O and the mother-liquor 
ontains the usual non-crystallisable matter. It is intended to 
study this reaction on a larger scale in order to ascertain what 
change is undergone by the phosphorus tribromide. 

Asaturated benzene solution of the silicon compound seems to be 
quite unchanged when it is boiled during seven or eight hours on a 
reflux apparatus in contact with a concentrated aqueous solution 
of hydrogen bromide. A crystalline precipitate is slowly formed 
owing to the evaporation of some of the benzene, and when the 
lution is finally cooled a further deposit is obtained. From a 
direct comparison of this substance with the original silicohydro- 
carbon, there was little doubt as to its identity with the latter. 

The behaviour of the unsaturated silicon compound towards 
diphenylsilicon dichloride was examined in the hope of throwing 
light on the formation of some of the products of the action of 
sodium on the dichloride. In boiling toluene solution the dichloride 
semed to be inactive, as practically the whole of the silicohydro- 
carbon could be recovered even after the solution had been boiled 
during four hours; in absence of a diluent, however, the boiling 
dichloride attacks the unsaturated compound with considerable 
rapidity, giving a “ glue’ from which crystals have not yet been 
isolated. 

In order to prove that the changes described above are not 
temperature effects merely, and also because it was conceivable 
that at a high temperature the unsaturated might be partly con- 
verted into the saturated silicohydrocarbon, a small quantity of the 
former was heated just above its melting point (about 335°) during 
some twenty hours in an exhausted sealed tube; when cooled, the 
pale yellow liquid crystallised almost immediately and proved to be 
the unchanged compound, contaminated with only a very small 
proportion of non-crystalline matter. 


The author desires to express his thanks to the Department of 
Scientific and Industrial Research which provided him with an 
assistant (Mr. J. E. Sands) without whose efficient help it would 
have been impossible to prepare the necessary material for this 
investigation. 
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CCC.—Organic Derivatives of Silicon. Part XX VIII. 
Octaphenyldiethylsilicotetrane. 


By Frepreric STaNLEY KIppPine. 


THE di-iodide obtained from the unsaturated silicohydrocarbon 
Si,Ph, (Kipping and Sands, T., 1921, 119, 830) yields with magnesium 
ethyl bromide a very well-defined crystalline product. As this 
compound, ignited in oxygen, gives a residue free from carbon and 
is readily soluble in benzene, all the conditions are favourable for 
the accurate determination of its molecular formula; the results 
prove that it is an octaphenyldiethylsilicotetrane, Si,Et,Ph., and 
thus confirm the molecular formula assigned to the unsaturated 
silicohydrocarbon. The diethyl derivative, like the silicohydro. 
carbon Si,Phg, is decomposed when it is heated with piperidine and 
aqueous alkali and gives a hydrogen value (Kipping and Sands, 
loc. cit., p. 849) corresponding closely with that calculated from the 
equation 


Si,Et,Ph, + 6H,O = 2SiPh,(OH), + 2SiPh,Et-OH + 3H,. 


In the solution thus obtained it is possible to prove the presence 
of diphenylsilicanediol and also that of a silicon compound (dipheny]- 
ethylsilicol?) which is not diphenylsilicanediol or any of the four 
known condensation products of this diol. This fact is of very great 
importance, as it affords further evidence that the molecule of the 
unsaturated silicohydrocarbon as well as that of the saturated 
isomeride consists of four -SiPh,— groups. Both these silicohydro- 
carbons give a hydrogen value corresponding with that calculated 
from the equation 


Si,Ph, + SH,O = 4SiPh,(OH), + 4H,, 


and it was suggested that if the molecule of either of these sub- 
stances contained a —SiPh, group, the latter would occur as triphenyl- 
silicol in the decomposition product (loc. cit.); the result obtained 
with the diethyl derivative shows that the failure to identify this 
silicol—a much better characterised compound than diphenylethy!- 
silicol—among the decomposition products of the compounds 
Si,Ph, proves that neither molecule contains a -SiPh, group. 
Octaphenyldiethylsilicotetrane separates from various solvents, 
in the presence of moisture, in hydrated crystals; except for its 
much lower melting point, it resembles closely the saturated silico- 
hydrocarbon Si,Ph, and differs altogether from the unsaturated 
isomeride. It is, for example, very readily soluble in chloroform 
or benzene and is not attacked by iodine at the ordinary temper- 
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ature in petroleum solution; it is slowly oxidised when it is heated 
with acetic acid containing nitric acid. 

Attempts to prepare decaphenylsilicotetrane by the action of 
magnesium phenyl bromide on the di-iodo-derivative were not 
successful. This failure apparently was not due to the formation 
of the unsaturated silicohydrocarbon, 


Si,Ph,I, + 2MgPhBr = MgBr, + MglI, + Si,Phg + Phy, 


as might have been the case, but to the non-occurrence of any 
reaction; a small proportion of the product, after treatment with 
aqueous solvents, could not be obtained in crystals, but most of it 
consisted of the oxide Si,Ph,O, produced, doubtless, by the hydrolysis 
of the unchanged di-iodide. 

The fact that decaphenylsilicotetrane is not produced from the 
di-iodide under conditions similar to those which give a fair yield 
of octaphenyldiethylsilicotetrane may be attributed, in the author’s 
opinion, to spatial considerations. The ethyl radicles may be 
pushed into the spaces occupied by the iodine atoms in the di-iodide, 
but the phenyl groups are too large and so no reaction occurs. The 
case is not quite parallel to that described by Schlenk and Mark 
in their experiments on pentaphenylethy] (Ber., 1922, 55, [B], 2285), 
because it would seem that decaphenylbutane is actually produced 
by the action of sodiotriphenylmethane (2 mols.) on dichloro- 
tetraphenylethane and then immediately undergoes decomposition 
or dissociation into pentaphenylethyl. It may be assumed, however, 
that decaphenylsilicobutane and decaphenylbutane are unstable 
for the same reason and that if a fragment of the latter containing 
tervalent carbon is capable of existence, the unsaturated silicohydro- 
carbon, Si,Phg, may be regarded as a fragment of decaphenylsilico- 
butane containing tervalent silicon. 

The above results are in harmony with the views expressed in 
the previous communication. The formation of the unsaturated 
compound (but only with great difficulty) when the di-iodide is 
heated with sodium (Kipping and Sands, Joc. cit.) would therefore 
appear to be due to a steric hindrance of the production of the closed- 
chain silicohydrocarbon, comparable with, but less effective than, 
that which seems to bar the existence of decaphenylsilicobutane. 


ExPERIMENTAL. 


Octaphenyldiethylsilicotetrane—For the preparation of the di- 
iodide, a sample (about 5 grams) of a mixture of the unsaturated 
silicohydrocarbon (A) with the more sparingly soluble compound (C) 
was used (loc. cit.), since the separation of C by fractional crystallis- 


ation is rather wasteful, and also because treatment of such a mixture 
4s* 2 
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with iodine is the best method of obtaining C from A. The mixture 
was partly dissolved and partly suspended in benzene and iodine 
was added from time to time until the whole of the unsaturatej 
silicohydrocarbon had been converted into the di-iodide. In order 
to avoid exposure to moist air, the undissolved C was not separated 
by filtration, but the benzene solution was directly treated with an 
ethereal solution containing a large excess of magnesium ethy! 
bromide. After a short interval the ether and benzene were distilled 
on a water-bath and the residue was heated at about 160° in an oil. 
bath during about two hours. The cold product, treated first with 
water and then with dilute acetic acid, gave a pasty mass which 
was washed with dilute acid and then extracted with hot acetone, 
The solid residue was then treated with cold benzene, which dis. 
solved everything except the compound C (about 0°5 gram). The 
benzene and acetone extracts gave on evaporation crystalline and 
oily deposits, respectively, and, in time, the latter afforded a con. 
siderable proportion of crystalline matter, which, when separated 
from the oil, was only sparingly soluble in cold acetone. The 
fractional crystallisation of the solid product from many different 
solvents failed for a long time to give any substance of constant 
melting point, except a very small proportion of the sparingly 
soluble rhomboidal oxide (m. p. 221°) ; all the other fractions had very 
indefinite melting points, ranging from about 220° up to 240°, and 
seemed from their appearance to be complex. It was noticed, 
however, that the solubility of some of the fractions in benzene and 
chloroform appeared to be diminished in the presence of water; 
this observation led to the discovery that one of the components of 
the mixture formed hydrated crystals, which, when grown slowly, 
could be distinguished under a lens or even with the naked eye. 
With the help of this knowledge, it was possible by continued frac- 
tional crystallisation from a mixture of chloroform and aqueous 
acetone to isolate about 1 gram of a compound melting at 253—254°. 
The colourless, crystalline matter which remained, after repeated 
crystallisations failed to give deposits containing any visible quantity 
of the diethyl derivative, had still a most indefinite melting point, 
but seemed to consist entirely of the oxide Si,Ph,O, produced no 
doubt by the hydrolysis of the unchanged di-iodide. 

No explanation of the indefinite melting point of this oxide has 
yet been arrived at and it seems difficult to believe that a pure 
compound would behave in such a way; its identification by 
examination under the microscope is also not very satisfactory. A 
portion of the supposed oxide was therefore oxidised with nitric acid 
in glacial acetic acid solution; it behaved like the oxide Si,Ph,O, and 
gave a deposit which consisted of almost pure rhomboidal oxide, 
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§i,Ph,02. After the separation of the three crystalline substances 
named above and further fractional precipitation of the acetone 
lution with alcohol, there remained a product which was very 
readily soluble in cold acetone and in light petroleum (b. p. 20— 
30°), but only sparingly soluble in alcohol. This material was a 
colourless, brittle, resinous mass which was not a mere mixture of 
the condensation products of diphenylsilicanediol, since it evolved 
hydrogen on treatment with acetone and sodium hydroxide solution. 
Possibly it contained the compound SiPh,Et-SiPh,*SiPh,*SiPh,-OH 
and the corresponding oxide, but hitherto neither of these substances 
has been isolated. 

Octaphenyldiethylsilicotetrane separates from cold acetone con- 
taining water and a small proportion of chloroform in flat, trans- 
parent, rhomboidal plates which may be obtained large enough to 
be recognisable with the naked eye. ‘These crystals become opaque 
at about 120° when heated quickly, and also, but much more 
slowly, at 100°. An air-dried sample lost 6°27 per cent. at 100° 
(Si,Et,Ph,,3H,O requires H,O = 6°42 per cent.). It is some- 
what surprising that a  silicohydrocarbon should crystallise 
with water [Found: for the anhydrous compound, C = 78°9; 
H= 6°35; Si = 14:4; M, in benzene solution (cryoscopic), = 682, 
733. Calculated for Si,Et,Ph,, C= 79°2; H = 635; Si= 14-4 
per cent.; M = 787°6]. 

The anhydrous compound melts sharply at 253—254° and the 
melt solidifies at once when cooled. 

Octaphenyldiethylsilicotetrane resembles the saturated silico- 
hydrocarbon Si,Phg very closely in its behaviour towards solvents, 
but it is more soluble than the latter in hot acetone; it dissolves 
very readily in cold chloroform or benzene, but if drops of water 
are added to the solution the hydrated crystals are deposited from 
solutions which would not be saturated if dry. It is readily soluble 
incold ether, from which it separates in flat, six-sided plates having 
the outline of a regular hexagon. ‘These crystals do not become 
opaque when heated at 100° for five minutes. Octaphenyldiethyl- 
silicotetrane is also readily soluble in cold petroleum (b. p. 100—120°), 
but only sparingly soluble in boiling alcohol and practically insoluble 
in hot acetic acid. In addition to the above-mentioned forms, it 
crystallises from ether, acetone, and alcohol in highly lustrous, 
oblique, six-sided prisms. 

Action of Piperidine on Octaphenyldiethylsilicotetrane—The 
diethyl derivative is not perceptibly changed when it is heated with 
a5 per cent. aqueous solution of sodium hydroxide, but in the presence 
of acetone it is slowly attacked by the alkali with evolution of hydro- 
gen (0°104 gram, heated with piperidine and sodium hydroxide 
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solution, gave, in less than thirty minutes, 8°86 c.c. of hydrogen at 
N.T.P. Hydrogen value = 85). This result agrees exactly with 
the value calculated from the equation given above. The piperidine 
solution from this decomposition was treated with excess of hydro. 
chloric acid and the precipitated oil washed by decantation: jt 
was then dissolved in aqueous acetone containing sodium hydroxide, 
and the solution warmed to hydrolyse the condensation products 
of diphenylsilicanediol. At the end of about one hour water wa; 
added, all the acetone evaporated, and the oily deposit separated 
by filtration, and washed with water. The aqueous alkaline filtrate 
gave a heavy precipitate of diphenylsilicanediol when acidified, 
The oil, warmed again with acetone and alkali, did not give any 
further quantity of the diol and was apparently free from the 
condensation products of diphenylsilicanediol. In order, if possible, 
to identify it, attempts were made to convert it into diphenylethyl. 
silicyl oxide (Kipping and Marsden, T., 1908, 93, 208), which melts 
at 65—66°, but crystals were not obtained. 

This failure does not invalidate the argument which has been 
based on the results of the hydrolysis of the diethyl derivative, 
because various experiments have shown that the complete conversion 
of the compound into diphenylsilicanediol seems to be impossible; 
in this respect its behaviour is quite different from that of the oxide 
Si,Ph,O (see below). 

Attempts to Prepare Decaphenylsilicotetrane.—A benzene solution 
of the di-iodide which had been rapidly filtered from the substance ( 
(see above) was treated with an ethereal solution of a very large 
excess of magnesium phenyl bromide and the mixture left over- 
night. As no magnesium salt had separated, the ether and benzene 
were evaporated and the residue was heated on the water-bath 
during two hours. At the end of this time the highly lustrous, 
acute rhomboidal crystals of the di-iodide were distinctly visible 
in the pasty mass and apparently no reaction had occurred. A 
further large excess of magnesium phenyl bromide was therefore 
added and after evaporating the ether, the mixture was heated first 
at 160° during about three hours and finally at about 180° during 
an hour. 

The pasty product when cold was treated with water and 
extracted first with dilute acetic acid and then with acetone; there 
remained a grey powder which dissolved in boiling benzene, leaving 
a small proportion of mineral matter, principally silica. The 
colourless deposits obtained from the benzene solution were repeatedly 
systematically fractionated from various solvents, but every fraction 
from every solvent used had a most indefinite melting point, ranging 
from about 210—250°, and varying with the rate of heating. As it 
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seemed probable from this behaviour that all the fractions consisted 
of the oxide Si,Ph,O, representative samples were warmed with 
acetone and aqueous alkali until the evolution of hydrogen was at 
an end, and the acetone was then evaporated; all the aqueous 
n: i, alkaline solutions thus obtained gave a precipitate of diphenyl- 
silicanediol with acetic acid and could not have contained any 
ducts appreciable quantity of triphenylsilicol, which is practically insoluble 
r was] in dilute aqueous alkalis. It must therefore be concluded that 
rated § decaphenylsilicotetrane was not present in any of the fractions and 
Itratel that they consisted entirely of the oxide Si,Ph,O formed by the 
lified,q@ hydrolysis of unchanged di-iodide. This conclusion was confirmed 
by oxidising a portion of the supposed oxide with nitric acid in 
1 the acetic acid solution; it behaved in the expected manner and gave 
sible, § the rhomboidal oxide (m. p. 221—222°). 
thy|.- The cold acetone extract mentioned above was also examined 
melts § on the bare possibility of finding traces of the decaphenyl compound. 
It contained, in addition to diphenyl, a small quantity of glue-like 
been @ matter which seems to be an almost invariable product in experi- 
tive, J ments with these silicon compounds; this “glue” gave hydrogen 
rsion§ With acetone and alkali, but as it was so readily soluble in acetone 
ible; and even moderately soluble in hot alcohol, it could scarcely have 
yxide@ contained any decaphenylsilicotetrane. 


ition The unsaturated silicohydrocarbon used in this investigation was 
ice) prepared by Mr. J. E. Sands, for whose efficient assistance the author 
large is indebted to the Department of Scientific and Industrial Research, 
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, Part III. 
fore By Arno“p BREARE and ARTHUR GEORGE PERKIN. 
In the continuation of investigations undertaken with the object 
TE of preparing, if possible, hydroxydianthraquinones and helianthrones 
ail from hydroxyanthranols and dianthranols, the anthranol derived 


ai from anthragallol was selected for experiment.* This compound, 
: which was prepared by Liebermann (Ber., 1888, 21, 444) by the 


né i reduction of anthragallol with tin and hydrochloric acid in 
The ; : : : ' , 

presence of acetic acid, or less satisfactorily with zinc dust and 
ly ‘ : 
Hion| *™mmonia, does not appear to have been further examined. It 


ing * As it is uncertain whether this substance is the 1 : 2: 3- or 2:3: 4-trihydr- 
sit} oxy-compound, it is referred to in this paper as “ anthragallol anthranol.” 
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was observed by this author that the brownish-yellow, alkaline 
solution of the anthranol on exposure to air rapidly became 
violet-coloured, and on acidification deposited violet flocks which 
could be crystallised from a mixture of benzene and _ alcohol, 
This product, which was unstable and suffered alteration on 
drying, appeared to have the formula C,,H,,0; and was possibly 
tetrahydroxyanthranol, CHU oH CoH OH) A reinvesti- 
gation of anthragallol anthranol has confirmed in general the 
statements of Liebermann, with the exception that his triacetyl 
compound is, in reality, the tetra-acetyl derivative. With ethereal 
diazomethane in excess, a dimethyl ether, insoluble in alkaline 
solutions, is mainly obtained, although in the more soluble viscid 
by-product the presence of some quantity of the trimethyl compound 
could be detected. Although further evidence is necessary, it is 
thus possible that anthragallol anthranol possesses the constitution 
(I) of 1 : 2 : 3-trihydroxy-9-anthrone 


CH. 
m (\\/\ou CoH <e> CH (OH), re 
OH -C ; 
hat Bred Wer CoHy< 9 >CeH(OH), 


and differs from deoxyalizarin in containing a hydroxyl adjacent 
to the carbonyl group. 

Ferric chloride in presence of acetic acid and alcohol converts 
the anthranol into the dianthrone, which, when acetylated in the 
presence of sulphuric acid or pyridine, gives, respectively, the hexa- 
acetoxydianthrone, or octa-acetylated dianthranol. With diazome- 
thane in excess, the dianthrone gives some quantity of a tetramethy] 
compound, insoluble in alkalis, and in this respect resembles the 
anthranol. 

Anthragallol anthranol solutions gradually darken at the boiling 
point, a change apparently due to oxidation, and when cold the 
brown, crystalline deposit frequently contains violet needles. By 
addition of benzoquinone to the hot acetic acid solution, preferably 
diluted with alcohol, a semi-solid mass of violet-black needles, 
probably this same compound, is formed, and this is soluble in 
alkali with a violet coloration. This compound, by a short treat- 
ment with stannous chloride and hydrochloric acid, is reconverted 
quantitatively into the anthranol, although when sulphurous acid 
is employed the dianthrone is produced. Moreover, as the dianthranol 
gives, with benzoquinone, the same violet-black substance, it seems 
evident that during its production from the anthranol an oxidation 
of the latter to dianthranol first occurs. This compound, here 


al 
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termed anthragallol dianthronequinone, is somewhat unstable, 
being converted in boiling acetic acid solution into the dianthrone 
together with a brown, amorphous compound, self-oxidation 
evidently occurring. Again, by boiling with water, similar 
decomposition occurs, a brown, amorphous substance, distinct 
from anthragallol and interspersed with colourless crystals of the 
dianthrone, being produced. By digesting a mixture of the dian- 
thronequinone and anthragallol anthranol in boiling acetic acid, 
the dianthrone is produced. With o-phenylenediamine a quinoxaline 
has not been isolated, and, again, crystalline acetyl and methylated 
derivatives have not as yet been obtained from this quinone. 

Of the formule C,,H,,0, and C,,H,,0, possible for anthragallol 
dianthronequinone, the former corresponds to hexahydroxydianthra- 
quinone (II), but, on the other hand, the strong oxidising property 
of the quinone and its consequent instability scarcely support this 
view. That its formation arises from the pyrogallol nuclei of the 
dianthrone seems more likely, and the reaction is indeed probably 
analogous to that which occurs when pyrogallol itself is oxidised 
with benzoquinone or amy] nitrite (Perkin and Steven, T., 1896, 89, 
802). The compound C,H,O, or C,;,H,O, thus produced in small 
amount, which, by boiling with water, gives purpurogallin, a result 
evidently of self-oxidation, appears to possess either the hydroxy-o- 
benzoquinone or corresponding peroxide structure.* Similar 
formule may also be applied to anthragallol dianthronequinone. 


. CoH <C> CoH(OH)<H : 
CA>c,H(OH)<p 


, CO- 
Ose oes H(OH) yee. O> CoH OH)<Gy Cs H, (Iv.) 


A study of the reduction of anthragallol dianthronequinone with 
phenylhydrazine according to Willstatter and Cramer’s method 
(Ber., 1910, 43, 2776), although not fully convincing, gives some 
support to these formule. Thus, whereas in this manner dianthra- 
quinone (for a specimen of which we are indebted to the kindness of 
Mr. E. de Barry Barnett) takes up at 150° four atoms of hydrogen, 
evidently with production of anthranol, the dianthronequinone at 
110° gives evidence of requiring eight atoms. 

There can be little doubt that the rapid air oxidation of alkaline 
anthragallol solutions observed by Liebermann (loc. cit.) results in 


* The production of gossypetone from gossypetin by means of benzo- 
quinone is evidently also due to a reaction of this character (T., 1913, 


103, 650). 
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the first instance in the formation of anthragallol dianthronequinone, 
A repetition, however, of his experiments has indicated that this 
process is not under control, over-oxidation simultaneously occurring, 
The product, purified according to his method, is, moreover, scarcely 
crystalline, and as decomposition takes place on drying, it does not 
then possess a homogeneous character. <A preparation of a similar 
type can be obtained by exposing the alkaline solution of anthragallol 
dianthronequinone to air for a short period. 

Finally, it is of interest to note that in colour anthragallol di. 
anthronequinone resembles the higher hydroxylated anthradi- 
quinones recently studied by Dimroth and Hilcher (Ber., 1921, 
54, [B], 3060), more especially the bluish-violet 5 : 8-dihydroxy- 
1:4:9:10-, and the blue 5: 8-dihydroxy-1 : 2:9: 10-anthradi- 
quinones. 

A further study of anthragallol dianthronequinone and _ its 
decomposition products is in progress. 


EXPERIMENTAL. 


For preparing anthragallol anthranol in quantity the methods 
of Liebermann (loc. cit.) are hardly satisfactory, for in the one process 
very large amounts of glacial acetic acid are necessary, and in the 
other, air oxidation is liable simultaneously to occur. A method 
recently devised in this laboratory gives, however, excellent results.* 
Pure anthragallol (10 grams), suspended in sufficient of a solution 
of one part of stannous chloride in five parts of hydrochloric acid 
(33 per cent.), was digested at the boiling point for three hours, and 
the pale pink crystals were collected, the filtrate being reserved for a 
new operation. The product, a pale grey mass (10 grams),f which 
was pure enough for the purposes of this investigation, could be 
satisfactorily recrystallised, preferably from acetic acid, only when 
small amounts were taken and the operation was rapidly performed. 
It is thus deposited from acetic acid in yellow needles, although if 
the cooling is slow darkening occurs and the brownish-yellow, 
crystalline deposit contains needles of a violet colour (Found: 
C = 69:37; H=4-15. Calc. for C,,H,,0;, C = 69-4;° H = 4:13 
per cent.). When heated, it becomes violet at about 200°, possibly 
by the action of the alkali of the glass, and melts at 235°. Lieber- 
mann (loc. cit.) merely states that it is altered by heating, and gives 


* This method, it has been found, is serviceable for the production of most 
anthranols, and its general application for this purpose will be described in 
a later communication. 

t This, by washing with a small amount of acetone, yielded an almost 
colourless product. 
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no melting point. It gradually browns on exposure to light and is 
best kept in the dark. 

As by the action of boiling acetic anhydride dark-coloured 
alteration products are obtained, the acetylation was carried out in 
the cold by Fischer and Bergmann’s method (Ber., 1918, 51, 1797). 
After keeping for three days, colourless crystals had separated 
which, by recrystallisation from alcohol and acetic acid, were 
obtained as short, flat needles, m. p. 200—202° (Found : C = 64-12; 
H=4-40; acetic acid = 59-04. C,.H,,0, requires C = 64:39; 
H = 4:40; acetic acid = 59-02 per cent.). This tetra-acetyl com- 
pound is evidently identical with the triacetyl derivative of Lieber- 
mann, which he describes as melting at 202—203°. 

By rapid hydrolysis with hydrochloric acid in the presence of 
acetic acid of small amounts of the acetyl compound, the re- 
generated anthranol was obtained as pale brown needles melting at 
234—235°. 

When anthragallol anthranol is added to a boiling mixture of 
equal parts of acetic anhydride and acetic acid, an energetic reaction 
occurs with the separation of crystals. These, by recrystallisation 
from much acetic acid, were obtained as colourless leaflets, which 


melted with discoloration at 239—240°, and evidently consisted of 


the monoacetyl compound (Found: C = 67:22; H = 4-30; acetic 
acid = 21:9. C,,H,,0; requires C = 67:60; H= 4-23; acetic 
acid = 21-13 per cent.). If in the preceding operation a larger 
volume of acetic anhydride is employed, crystals are only gradually 
deposited on keeping. By recrystallisation from a mixture of 
acetic acid and alcohol, these formed bright yellow needles which 
sintered at 185—187° and melted at 194° (Found : acetic acid = 36-1. 
C,,H,,0, requires acetic acid = 35-3 per cent.). This compound 
consists, therefore, mainly at least of diacetyl anthragallol anthranol 
(or anthrone). 

An attempted methylation of the anthranol by means of methyl 
sulphate being unsuccessful, a suspension (2 grams) in pure ether 
was treated with diazomethane prepared from 18 c.c. of nitroso- 
methylurethane. After keeping over-night, a mixture of crystals 
and light flocculent matter had separated, and the latter was removed 
by decantation. The crystals were washed first with ether and then 
with dilute alkali (Found: C = 71:11; H = 5-12; CH, = 10-93. 
C,gH,,0, requires C = 71:11; H = 5-18; CH; = 11-11 per cent.). 
The dimethyl ether consists of stout, pale yellow needles which become 
red at 220° and melt at 223—225°. From its hot solution in benzene, 
in which it is sparingly soluble, it separates on cooling, both in the 
flocculent and the crystalline condition. 

The ethereal mother-liquor on evaporation yielded a viscid mass, 
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which has not been obtained in the crystalline condition. On 
cautious oxidation with chromic acid in boiling acetic acid solution, 
subsequently diluting with hot water, yellow needles of anthragallo| 
trimethyl ether, melting at 168—170°, separated, indicating the 
presence of the anthrone or anthranol trimethyl ether in the original 
product. 

Anthragallol Dianthrone—The anthranol (1 gram), dissolved in a 

boiling mixture of acetic acid (7 ¢.c.) and alcohol (7 c.c.), was treated 
with a solution of commercial ferric chloride (1 gram) in acetic 
acid (4 c.c.). A precipitate consisting of minute, yellow prisms 
quickly separated, and this was collected while the mixture was still 
warm, washed with alcohol and acetic acid, and finally with benzene. 
The yield averaged 56 per cent. As in boiling solvents this product, 
similarly to the anthranol, suffers discoloration, it was dissolved 
in twice its weight of cold pyridine (dissolution occurs with evolution 
of heat), the liquid filtered, and the filtrate diluted with alcohol 
(15 c.c.). Fine, almost colourless plates were deposited, and these, 
which contained pyridine, possibly of crystallisation, were removed 
from the magenta-coloured mother-liquor. On solution in hot 
acetone and boiling, a yellow, crystalline precipitate, free from 
pyridine, quickly separated, which was collected and washed with 
acetone (Found: C= 6954; H=415. C,,H,,0, requires 
C = 69-7; H = 3-78 per cent.). Anthragallol dianthrone is spar- 
ingly soluble in acetone and acetic acid (distinction from the 
anthranol) and when heated becomes violet at 230°, and melts at 
258—260°. Its alkaline solutions on exposure to air develop a 
violet tint. 

Octa-acetyl Anthragallol Dianthranol.—A mixture of the dianthrone 
(0-9 gram), pyridine (2-7 c.c.), and acetic anhydride (3-1 c.c.) was 
gently warmed to effect solution. On keeping, small prisms soon 
commenced to separate and these were collected and recrystallised 
from a large volume of acetone. The substance melted above 300° 
(Found: C = 6417; H= 4-12; acetic acid = 59-04. C,,H,,0,, 
requires C = 64:54; H = 4-15; acetic acid = 58-7 per cent.). 

Hexa-acetyl Anthragallol Dianthrone—The acetone mother- 
liquor from which the octa-acetyl compound had been deposited 
was partly evaporated and any crystals of the same compound, 
which separated, were removed. The filtrate on concentration and 
dilution with alcohol gave a deposit of prismatic needles which, 
after recrystallisation from a little acetone, melted at 264—266°. 
This second acetyl compound was more readily obtained by adding 
a trace of sulphuric acid to a suspension of anthragallol dianthrone 

in a little acetic anhydride, and gently warming until a clear liquid 
was produced. On keeping, crystals separated which, after solution 
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in acetic anhydride and separation therefrom by addition of alcohol, 
became red at 250° and melted at 264—266° (Found: C = 65-48; 
H=4-7; acetic acid = 49-16. C,)H3,0,, requires C = 65-4; 
H= 4-08; acetic acid = 49-03 per cent.). This acetyl compound 
again is the main product when the pyridine solution of the dian- 
throne is treated with excess of acetic anhydride in the cold, only a 
trace of the octa-acetyl compound being thus produced. When 
the hexa-acetyl compound is digested with boiling acetic anhydride 
and a trace of pyridine, crystals of the octa-acetyl compound are 
rapidly deposited. 

An attempt to determine the molecular weight of the tetra- 
acetyl compound in freezing naphthalene was unsuccessful, the acetyl 
compound separating simultaneously with the naphthalene. 

T'etramethyl anthragallol dianthrone was obtained by treating the 
dianthrone, suspended in ether, with an excess of diazomethane. 
The crystalline product was collected, washed with dilute alkali and 
then with acetone. It could not be satisfactorily recrystallised 
from the usual solvents, and although from dimethylaniline it 
separated in pale yellow prisms, melting at 233—235°, much loss 
occurred and the mother-liquor possessed a deep red colour (Found : 
C= 71:13; H = 4:88; CH, = 11-57. Cy,Hg 90, requires C = 71-5; 
H = 5-2; CH, = 11-15 per cent.). The ethereal filtrate contained 
a viscid product, not susceptible of crystallisation. That the 
hexamethyl ether was here present was evident from the fact that 
when it was oxidised with chromic acid in acetic acid solution some 
quantity of anthragallol trimethyl ether, melting at 168—170", 
was produced. 

Anthragallol Dianthronequinone.—As attempts to prepare the 
so-called hydroxyanthranol from anthragallol anthranol by Lieber- 
mann’s alkaline air oxidation method (see introduction) gave no 
definite product, the employment of benzoquinone as an oxidising 
agent was studied. The anthranol (1 gram), suspended in acetic 
acid (10 c.c.) and alcohol (10 ¢.c.), was gently warmed and benzo- 
quinone (1 gram) added, in two portions during a few seconds. An 
energetic reaction thus occurred with production of a reddish-violet 
liquid, which soon became semi-solid, owing to the separation of 
crystals. When cold, these were collected,* washed with a trace of 
alcohol and acetic acid, and finally with benzene. The product 
(0-55 gram) was recrystallised from toluene (Found: C = 69-82; 
H = 3-5 per cent.). It consisted of fine violet-black needles, m. p. 
206—208°, soluble in concentrated sulphuric acid with a red violet 


* On saturating the deep red filtrate with sulphurous acid and keeping, 
a crystalline precipitate consisting of anthragallol anthranol admixed with 
dianthranol separated. 
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coloration. Its alkaline solution, which oneunes the same tint, 
quickly becomes brown on warming.* 

Attempts to prepare a definite acetyl deceive have hitherto 
failed, Fischer’s method yielding a brown, amorphous product. 

Suspended in a warm solution of stannous chloride in hydro. 
chloric acid, the violet crystals (0-8475 gram) became of a yellowish- 
brown colour and then weighed 0-8440 gram. This proved to be 
anthragallol anthranol and was identified by its melting point, 
234—-236°, and that of its monoacetyl derivative, 236—238°. 

A suspension of anthragallol dianthronequinone in a small amount 
of 50 per cent. alcohol was treated with a fine stream of sulphur 
dioxide; the violet crystals, after two days, were thus replaced by 
minute, dull yellow needles (Found: C= 69-82; H = 3-96. 
C.gH,,0, requires C = 69-7; H = 3-78 per cent.). This compound, 
which had the properties of anthragallol dianthrone, by acetylation 
with pyridine and acetic anhydride according to Fischer’s method, 
gave octa-acetyl anthragallol dianthranol, m. p. above 300°, and a 
small amount of the hexa-acetyl dianthrone, m. p. 264—266°. 

When equal parts of anthragallol anthranol and anthragallol 
dianthronequinone were suspended in alcohol and acetic acid, and 
the mixture was boiled, the solution became reddish-brown and a 
finely divided, crystalline precipitate of the dianthrone separated. 
The anthranol was thus oxidised and the quinone simultaneously 
reduced to the dianthrone. 

Although anthragallol dianthronequinone can be crystallised, in 
small amounts, from acetic acid and alcohol if the operation is 
rapidly performed, a considerable loss occurs, whereas if its 
deep violet saturated solution in acetic acid is boiled for a few 
minutes the colour becomes pale red. On keeping over-night, 
yellow crystals separate which melt at 258—260° and consist of 
anthragallol dianthrone. The acetic acid filtrate contains mainly 
a brown, amorphous compound, the nature of which has not yet 

been ascertained. 

As the quinone can thus be reduced to the dianthrone, so can 
the dianthrone, by oxidation with benzoquinone, be reconverted 
into the quinone. The operation was carried out in the same 
manner as with the anthranol, a somewhat longer digestion, however, 
being required to effect complete conversion. The violet needles 
melted at 206—208° (Found: C=70-1; H=3-31. Calc., 


* In case an excess of quinone is employed and the boiling is prolonged, 
a violet, crystalline powder, consisting mainly of minute needles, is deposited. 
This, although possessing the same elementary composition, differs from the 
anthragallol dianthronequinone in that it does not melt below 275°, is more 
sparingly soluble in acetic acid, and dissolves in sulphuric acid with a maroon 
colour (Found: C = 70-1; H = 3-31 per cent.), 


in 
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(= 70-29; H = 2-93 per cent.). Anthragallol dianthronequinone 
has the properties of a strong dye-stuff; the following shades were 
obtained on mordanted wool. 


Cr. Al. Sn. Fe. 
Quinone Deep Deep bluish- Pale dull Deep black. 
maroon. maroon. brown. 
Anthragallol Brown. Reddish-maroon. Brownish-orange. Deep brown. 


As, however, on boiling with water the quinone is gradually decom- 
posed with separation of crystals of the dianthrone and a reddish- 
brown, amorphous compound, soluble in alkali with a brown 
coloration, which is probably identical with that obtained as 
described above by means of boiling acetic acid, the dyeing property 
must be ascribed, not to the quinone itself, but to the latter com- 
pound formed from it. As shown above, the shades obtained differ 
considerably from those given by anthragallol. 

In order to obtain some further insight into the constitution 
of anthragallol dianthronequinone, a determination of the amount 
of nitrogen which is evolved by the action of phenylhydrazine, 
according to Willstitter’s method (loc. cit.), was studied, the 
behaviour of dianthraquinone in this respect, however, being 
examined first. Asa result, at 150—180°, 15-1 per cent. of nitrogen 
was evolved from the latter, whereas the theoretical percentage for 
its conversion into anthranol, which requires four atoms of hydrogen, 
is 14-6, 

From the anthragallol dianthronequinone at 110° 17-8 per cent. 
of nitrogen is evolved, whereas in case its reduction to the anthranol 
required six atoms of hydrogen the theoretical amount would be 
17-6 per cent. Such an amount of nitrogen would thus correspond 
either with a di-ortho-quinone or di-superoxide formula (II and ITI). 

Although this result is possibly correct, it was noted at the 
conclusion of the latter operation that the residual phenylhydrazine 
solution possessed a brown colour, whilst in the case of the dianthra- 
quinone it had a clear yellow tint. Again, although nitrogen evolu- 
tion came to an end at 110°, on further heating to 150° gas was 
steadily evolved which filled the burette and for the evolution of 
which no theoretical explanation, based on the constitution of the 
quinone, seems possible. A second experiment gave a similar 
result, and it can only be inferred that some catalytic action was in 
progress at this higher temperature. 


We are indebted to the Chemical Society for a grant which was 
in part employed for the purposes of this research. 
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CCCII.—Application of the Grignard Reaction to some 
Acetylenic Compounds. Part I. Preparation of 
Diacetylenic Glycols. 


By Forsyta James Witson and Wiit1am McNincu Hystop. 


Brrore dealing with the subject of diacetylenic glycols, we wish to 
record in this communication some observations regarding the 
action of the Grignard reagent on certain acetylenic compounds 
which we have been studying for some time. 

It has been shown by Kohler and his collaborators that com. 
pounds containing a conjugated system frequently react abnormally 
with the Grignard reagent, addition taking place in the 1 : 4-position. 
For example, Kohler and Heritage (Amer. Chem. J., 1905, 33, 21) 
obtained methyl 68-diphenylpropionate and diphenylpropiophenone 
by the interaction of methyl cinnamate and magnesium pheny]| 
bromide; by varying the experimental conditions, the same authors 
(ibid., 1905, 34, 568) obtained other more complex products from 
the same reactants, but the carbinol, which would be the normal 
product, was not formed. On the other hand, it was found that the 
reaction between methyl cinnamate and magnesium methyl iodide 
proceeded normally, yielding styryldimethylearbinol; by varying 
the conditions, some methyl styryl ketone was also produced (ibid., 
1905, 33, 21). 

For comparison, we have investigated the interaction of ethyl 
phenylpropiolate, as a type of acetylenic compound, with magnesium 
methyl iodide and with magnesium phenyl bromide under different 
conditions and have found that the reaction proceeded normally 
with the formation of the carbinol. 

With magnesium methy] iodide the reaction took place as follows, 
CPhiC-CO,Et -+- 2MgMeI —> CPhiC-CMe,-OMgI —> CPhiC-CMe,-OH, 
giving «-phenyl-y-methyl-A*-butinene-y-ol, already prepared by 
Skosarewski (J. Russ. Phys. Chem. Soc., 1900, 32, 652). Similarly, 
magnesium phenyl bromide gave the carbinol CPhiC-CPh,:OH, 
ayy-triphenyl-A*-propinene-y-ol, already prepared by Nef (Annalen, 
1899, 308, 282). 

Some further experiments with phenylpropiolic acid derivatives 
were carried out. Zalkind and Beburischwili (Ber., 1909, 42, 
4500) found that anhydrous sodium acetate or propionate reacted 
with the Grignard reagent to give a ketone, although in small 
yield; thus sodium acetate and magnesium phenyl bromide gave 
acetophenone. We have found that anhydrous sodium pheny]- 
propiolate and magnesium methyl iodide gave a small yield of 
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phenylacetylenyl methyl ketone, but with magnesium phenyl 


bromide no ketone was formed. 

It was observed by Béis (Compt. rend., 1903, 137, 575) that ketones 
were produced from the Grignard reagent and amides. We have 
fund, however, that phenylpropiolamide and magnesium methyl 
iodide gave phenylpropiolonitrile, the action being one of dehydra- 
tion : PhC?C-CO-NH, —> PhC:C-CN. The yield of nitrile was about 
9) per cent., the remainder of the amide being recovered unchanged. 
With magnesium phenyl bromide, only traces of the nitrile were 
produced. For comparison we carried out a reaction between 
magnesium methyl iodide and cinnamamide and dihydrocinnam- 
amide, respectively, and again found that the nitrile was formed in 
both cases. The production of a nitrile in this way does not seem 
to have been previously recorded; in these cases no ketone was 
produced. 

The action of diketones upon the Grignard reagent, whereby 
litertiary glycols are produced, has been investigated chiefly by 
Kelinsky (Ber., 1902, 35, 2138) and by Acree (Ber., 1904, 37, 2753). 
It has also been shown by Iocitsch (J. Russ. Phys. Chem. Soc., 
1902, 34, 242; 1903, 35, 430, 1269; 1906, 38, 656) that dimagnesium 
acetylenyl dibromide reacted with aldehydes and ketones to give 
acetylenic glycols according to the general scheme BrMgC:CMgBr +- 
2R-CO-R’ —> HO-CRR”-C:C-CRR’*OH. Dupont (Compt. rend., 
1909, 149, 138; 1910, 150, 1121; 1914, 158, 714) pointed out that 
a glycol of this type, containing two asymmetric carbon atoms, 
should occur in meso- and racemic modifications, and he in fact 
showed that many of the glycols prepared by Iocitsch were mixtures 
of the two stereoisomerides. 

With the object of investigating diacetylenic glycols, we were led 
to prepare these from diketones and magnesium phenylacetylenyl 
bromide. The latter was found to react with diacetyl according to 
the scheme, 

MeCO-COMe + 2CPhiC-MgBr —> CPhiC-CMe(OH)-‘CMe(OH)-Ci?CPh, 
yielding the diacetylenic glycol, «{-diphenyl-y3-dimethyl-A«-hexadi- 
inene-y8-diol, which, containing as it does two asymmetric carbon 
atoms, was obtained in the two stereoisomeric forms by fractional 
recrystallisation from a mixture of chloroform and light petroleum ; 
the chief product melted at 117—117-5°, the stereoisomeride, 
melting at 125-—126°, was present in only small amount. Similarly, 
from acetonylacetone and magnesium phenylacetylenyl bromide 
we obtained the two stereoisomeric modifications of the diacetylenic 
glycol, CPhiC-CMe(OH)-CH,°CH,*CMe(OH):-CiCPh, «6-diphenyl-y¢- 
dimethyl-A*"-octadi-inene-y{-diol, which were separated by fractional 
recrystallisation from a mixture of acetone and light petroleum. 
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In this case the higher-melting stereoisomeride (m. p. 106—107°) 
predominated, the other constituent, melting at 87—89°, being 
present in only very small amount. 

Experiments with acetylacetone and magnesium phenylacety. 
enyl bromide gave unaltered diketone, no glycol being formed, the 
acetylacetone evidently reacting in the enolic form as already 
observed in similar cases by Zelinsky (loc. cit.) and by Bhagvat and 
Sudborough (J. Ind. Inst. Sci., 1919, 2, 187). 

We intend to continue this work, particularly with regard to 
diacetylenic polyhydric alcohols. 


EXPERIMENTAL. 


Ethyl Phenylpropiolate and Magnesium Methyl Iodide.—An ctherea| 
solution of 5 grams of the ester (1 mol.) was added drop by drop 
and with constant stirring to an ethereal solution of magnesium 
methyl iodide (2 mols.) cooled in ice and salt. A heavy, brown oil 
was formed. After standing over-night, the reaction mixture was 
shaken with crushed ice, acidified with dilute hydrochloric acid, 
and then extracted with ether. After drying over sodium sulphate, 
the ethereal solution was evaporated in a current of dry air; the 
residue solidified on cooling in an ice-salt mixture. After being 
pressed on porous tile to remove excess of ethyl phenylpropiolate, 
it was obtained in white crystals melting at 53° and possessing an 
odour of rose-oil. Its identity with «-phenyl-y-methyl-A«-butinene- 
y-ol was proved by a mixed melting-point determination, using a 
specimen of the carbinol prepared by Skosarewski’s method (loc. cit.). 

The procedure was varied by carrying out the reaction in the heat, 
by using equimolecular quantities of the reactants, and by adding 
the Grignard reagent to the ester; in all cases the only product was 
the carbinol. Sometimes it was more convenient to isolate the 
carbinol by distillation ; it boiled at 96°/1-5 mm., and ethyl pheny!- 
propiolate boiled at 104°/1-5 mm. 

Ethyl Phenylpropiolate and Magnesium Phenyl Bromide.—This 
reaction was carried out exactly as in the first of the previous cases, 
the proportions of the reactants being 1 mol. of ester of 2 mols. of 
magnesium phenyl bromide. After removal of the ether in a current 
of dry air, the solid residue was washed with light petroleum and 
recrystallised from a mixture of benzene and light petroleum; the 
product separated in needles melting at 80—81° and was identical 
with wyy-triphenyl-A*-propinene-y-ol prepared by Nef (loc. cit.) as 
shown by a mixed melting-point determination. 

Variations in the procedure and in the proportions of the reactants 
led to the same result. Occasionally it was found convenient to 
isolate the carbinol by distillation ; it boiled at 220° (approx.) /1 mm. 
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Sodium Phenylpropiolate and Magnesium Methyl Iodide.—Ten 

ms of anhydrous powdered sodium phenylpropiolate were added 
with constant stirring to an ice-cooled ethereal solution of magnesium 
methyl iodide prepared from 9 grams of methyl iodide. The 
mixture was kept in ice over-night, crushed ice added, and the 
ethereal solution separated, dried over sodium sulphate, and 
evaporated in a current of dry air. The small residue of yellow oil 
distilled at 117°/14 mm., in agreement with the value given by Nef 
(loc. cit.) for phenylacetylenyl methyl ketone. It slowly absorbed 
iodine in ethereal solution and gave the acetylphenylacetylene 
di-iodide, melting at 102°, described by Nef. 

The experiment was repeated using magnesium phenyl bromide, 
but benzoylphenylacetylene was not obtained. 

Phenylpropiolamide and Magnesium Methyl Iodide.—An ethereal 
suspension of 9 grams (1 mol.) of the amide, prepared by the method 
of Philippi and Spenner (Monatsh., 1915, 36, 108), was added 
gradually with constant stirring to an ice-cold ethereal solution 
of magnesium methyl iodide (2 mols.), and the solution was then 
boiled for ten hours with constant stirring, when a dark brown, 
viscous oil separated. Crushed ice was added, then iced dilute 
sulphuric acid, the mixture was extracted with ether, and the 
ethereal solution, after being washed with water and dried, was 
evaporated in a current of dry air. The crystalline residue was 
washed with a little carbon tetrachloride and the insoluble phenyl- 
propiolamide filtered off. The filtrate on evaporation gave large 
transparent crystals possessing an odour of cinnamon and having a 
very irritating effect on the eyes; the substance was recrystallised 
from dilute alcohol, from which it separated in colourless leaflets 
melting at 38—40° which were very soluble in carbon tetrachloride, 
alcohol, ether, benzene, or light petroleum, but insoluble in water. 
From these properties the substance was evidently phenylpropiolo- 
nitrile, already prepared by Moureu and Delange (Comp. rend., 
1906, 142, 213) and by Claisen (Ber., 1903, 36, 3671). No analysis 
of this nitrile appears to be given in the literature; owing to the 
relative ease with which it volatilises, the Dumas method was not 
satisfactory and the analysis was performed by the Kjeldahl method 
(Found: N= 10-91. Calc., N = 11-02 per cent.). The yield was 
about 20 per cent. of the theoretical. 

The reaction between phenylpropiolamide and magnesium 
phenyl bromide was carried out in an exactly similar manner, 
but only traces of the nitrile were found, most of the amide being 
recovered unchanged. 

Cinnamamide and Magnesium Methyl Iodide.—This reaction was 
carried out as in the previous case, the magnesium derivative being 
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a green, viscous oil. Unaltered amide was removed by treatment 
with ether, in which it was insoluble; the ethereal solution op 
evaporation in a current of dry air gave a yellow oil which distilled 
at 170—172°/60 mm. or at 257—258° at atmospheric pressure. (p 
cooling in ice, it solidified to a crystalline mass melting at 18° and 
possessing a pleasant odour and a very sweet taste. Boiling con. 
centrated hydrochloric acid converted the substance into cinnamic 
acid; it was evidently cinnamonitrile. The boiling point agreed 
with the value given in the literature, but the melting point found 
by us is higher than the value recorded (11°) (Found : N = 10-74, 
Calc., N = 10-85 per cent.). The yield was 30 per cent. of the 
theoretical. 

6-Phenylpropionamide and Magnesium Methyl Iodide.—The amide 
was prepared by Hofmann’s method (Ber., 1885, 18, 2740). The 
reaction was carried out in the usual way; unaltered amide was 
removed by treatment with carbon tetrachloride, in which it was 
insoluble. The carbon tetrachloride solution was evaporated and 
the residual oil distilled at 128°/15 mm. or at 246—248° at atmospheric 
pressure; the distillate solidified on cooling in ice. The substance 
was evidently 8-phenylpropiononitrile ; boiling concentrated hydro- 
chloric acid converted it into §-phenylpropionic acid (Found: 
N= 10-51. Cale., N = 10-68 per cent.). Yield, about 45 per cent. 
of the theoretical. 

Diacetyl and Magnesium Phenylacetylenyl Bromide.—8-2 Grams 
of phenylacetylene were added to an ethereal solution of magnesium 
ethyl bromide (prepared from 8-7 grams of ethyl bromide) and the 
solution was boiled for four hours. The solution of the magnesium 
phenylacetylenyl bromide (2 mols.) so prepared was cooled in ice 
and salt and 3-4 grams (1 mol.) of diacetyl, dissolved in ether, were 
added drop by drop with constant stirring. A yellow precipitate 
was produced. The mixture, after standing in ice for three days, 
was treated with crushed ice, acidified with iced dilute sulphuric 
acid, and then extracted with ether. The ethereal solution after 
being dried, gave on evaporation in a current of dry air a solid 
residue from which excess of phenylacetylene was removed by 
washing with carbon tetrachloride. The product, which was 
evidently a mixture, was fractionally recrystallised from a mixture 
of chloroform and low-boiling light petroleum, which effected a 
separation into the two stereoisomeric modifications (referred to below 
as « and §) of the glycol, «{-diphenyl-y5-dimethyl-A*:-hexadi-inene- 
yd-diol. 

a-Modification.—This crystallised from alcohol in small crystals, 
apparently rhombohedra, which melted at 117—117-5°, and were 
very soluble in alcohol, ether, chloroform, benzene, or acetone, 
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garingly soluble in cold carbon tetrachloride, and insoluble in light 
petroleum. 

It gave a reddish-brown solution in concentrated sulphuric 
id which became greenish-yellow on dilution. Yield 5-3 grams 
found: C = 82-66, 82-50; H = 6:24, 6-16. OC. H,,0, requires 
(= 82-75; H=6-21 per cent.). The diacetyl derivative was 
obtained by boiling the diol for an hour with acetic anhydride 
and a little anhydrous sodium acetate, removing the excess of acetic 
anhydride by heating in a vacuum, and extracting with chloroform, 
fom which the diacetate was deposited in long prisms melting at 
153—154° (Found: C= 76-93; H=6-09. C,,H..0, requires 
(= 177-0; H = 5-88 per cent.). 

8-Modification.—-This separated from a mixture of chloroform 
and light petroleum in long prisms melting at 125—126°; the yield 
yas only 0-4 gram. With concentrated sulphuric acid, it gave a 
deep red solution which became greenish-yellow on dilution (Found : 
(= 82:56; H=6-31. C, )H,,0, requires C = 82-75; H = 6-21 
per cent.). 

Acetonylacetone and Magnesium Phenylacetylenyl Bromide.— 
This reaction was carried out as in the previous case, using 6-8 grams 
of phenylacetylene and 3-8 grams of acetonylacetone ; the magnesium 
derivative was deposited as a white precipitate. After standing in 
ice over-night, the reaction mixture was worked up as before. 
The solid product, after being washed with a little carbon tetra- 
chloride to remove phenylacetylene, was evidently a mixture; 
repeated fractional crystallisation from a mixture of acetone and 
low-boiling light petroleum ultimately separated it into the two 
stereoisomeric modifications (referred to below as « and 8) of the 
glycol, «6-diphenyl-y¢-dimethyl-A~"-octadi-inene-y{-diol. 

«-Modification—This formed colourless, hexagonal plates 
melting at 106—107°, which were very soluble in alcohol, ether, 
chloroform, acetone, or benzene, sparingly soluble in cold carbon 
tetrachloride, and very sparingly soluble in carbon disulphide or 
light petroleum. With concentrated sulphuric acid, it gave a deep 
brown solution which became colourless on dilution. Yield, 6 grams 
(Found: C = 82°77, 82-60; H =7-38, 7-03. C,H 0. requires 
( = 82-97; H = 6-98 per cent.). The diacetyl derivative, prepared 
as in the previous case, melted at 87° after recrystallisation 
from alcohol (Found: C = 77-68; H = 6°31. C.gH,,0, requires 
C= 77-61; H = 6-47 per cent.). 

8-Modification—This formed colourless needles melting at 
87—89°; the yield was only about 0-2 gram (Found: C = 82°52; 
H = 7:23. C,,H,.0, requires C = 82:97; H = 6-98 per cent.). 

A reaction, carried out in the usual way between acetylacetone 
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and magnesium phenylacetylenyl bromide, gave a yellow oil which § its 
proved to be a mixture of acetylacetone and phenylacetylene; no §— we 
glycol could be detected. The action of magnesium phenylacetyleny| 8 
bromide on benzil and on the triketone tribenzoylphenylmethane, § SUP 
prepared by the method of Meisenheimer and Weibezahn (Ber, § 4" 
1921, 54, [B], 3195), did not give satisfactory results, considerable § £7 
resinification taking place: in the latter case a very small quantity § *P 
of a crystalline product, apparently a mixture, was isolated from ( 
the resin. ( 
salt 

In conclusion, we wish to express our thanks to the Department § | 

of Scientific and Industrial Research for a maintenance grant which ( 
has enabled one of us (W. M. H.) to take part in this investigation, § Ma 
We desire also to thank the Carnegie Trust for the Universities § nit 
of Scotland for a research grant which has partly defrayed the ( 
expenses of this work. nat. 
OrGANIC CHEMISTRY DEPARTMENT, a fi 
THE Royat TECHNICAL COLLEGE, the 
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CCCIII.—The Short-lived Radioactive Products of | 
Urunium.* . 

By Witi1am Grorce Guy and ALEXANDER SMITH RUSSELL. the 
Tux work to be described was undertaken to confirm or disprove | #” 
the existence of the new radioactive product uranium-Z (symbol § 
U-Z), announced by Hahn (Ber., 1921, 54, [B], 1131), and to ascer- J 
tain its relation to the main uranium disintegration series. During } 
this work an opportunity occurred to measure the equilibrium tha 
ratio of uranium-Y to uranium-X, and to redetermine the half- dis 
value periods of uranium-Y and uranium-X,, so these determin- | ** 
ations also have been carried out. Before the completion of our Pic 
work, a second paper was published by Hahn (Z. physikal. Chem., tha 
1923, 103, 461) confirming and amplifying his earlier work, and § * ‘ 
anticipating our results in a striking way. Since our work is § ‘° 
independent, and is the first to confirm Hahn’s important result J 1 
that uranium-X undergoes a dual disintegration with the expulsion = 
Cc 


in both cases of a 8-particle, an account of it is given below. 
In his first paper, Hahn showed that uranium-Z was present 
1 always in a very small amount (about 0°2 per cent.) in a solution 
of uranium-X, that it was an isotope of proto-actinium, and that | 1 


* A preliminary account of part of this work appeared in Nature, 1923, 


111, 703. 7 
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its half-value period was 6°7 hours. It is with these data that 
we began our work. 

Separation of Uranium-X.—The methods of separating the 
supposed parent substance of uranium-Z, uranium-X, from large 
quantities of uranium salts are all based on the original work of 
(Crookes on uranium-X (Proc. Roy. Soc., 1900, A, 66, 409). This 
separation is customarily effected in two stages : 

(1) Uranium-X is concentrated in a solution of a uranyl salt. 

(2) Uranium-X is then completely separated from the uranyl 
salt. 

Under (1) have been described : 

(a) Crookes’s method as employed by Soddy and Russell (Phil. 
Mag., 1909, [vi], 18, 620) of successive crystallisations of uranyl 
nitrate, whereby uranium-X is concentrated in the mother-liquor. 

(b) Crookes’s method as employed by Piccard (Arch. Sci. phys. 
nat., 1917, [iv], 44, 161) of dissolving urany] nitrate in ether, adding 
a few c.c. of water, and separating the aqueous layer containing 
the greater part of the uranium-X. 

We have found the latter method much the better. It is more 
convenient, quicker, and nearly quantitative. From 4 kilos. of 
uranyl nitrate we have obtained as much as 98 per cent. of the 
total uranium-X associated with only 10 grams of uranyl nitrate 
in the aqueous layer. 

Under (2) have been described methods which depend : (a) upon 
the adsorption of uranium-X by ferric hydroxide, barium sulphate, 
lamp-black, and other substances; (b) upon the use of thorium 
as an isotope of uranium-X or of cerium and lanthanum as quasi- 
isotopes. 

Most workers have found the methods under (b) more efficient 
than those under (a), and this, too, is our experience. A possible 
disadvantage of using thorium in effecting a separation is its radio- 
activity. Because of this, Hahn has employed lanthanum, and 
Piccard cerium. But apart from its radioactivity, it is obvious 
that thorium must be the best substance to employ, since it alone 
is an isotope of the substance to be separated. Blank tests that 
we have made have shown that if thorium be employed in small 
quantity only, and if it be freed before use from all its products 
except its isotope radio-thorium, the radioactivity contributed by 
it on any occasion we have employed it as an isotope of uranium-X, 
has been quite negligible. And not only can one be sure that 
uanium-X is quantitatively separated by separating thorium 
quantitatively by the usual methods, but, we have found, the 
products uranium-X, and uranium-Z can be more trustworthily 
separated from uranium-X, when the latter is attached to thorium 
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than when it is associated with elements similar but not identicg| 
in chemical properties, such as cerium and lanthanum. In conf; 
sequence, we have always employed thorium. is pr 
We have separated small quantities of thorium from relatively§ , s0 
large quantities of uranium most conveniently by first adding ll adde 
ammonia to a solution of both until further addition would cause hydt 
a permanent precipitate and then adding a solution of potassiun cipit 
fluoride in large excess. In mineral acid solution, oxalic acid, andj The 
sodium thiosulphate fail to precipitate thorium from large quantities yher 
of uranium completely, and hydrogen peroxide and m-nitrobenzoic§§ ema 
acid we have found to be useless. In spite of Keetman’s statement §f the : 
to the contrary (Jahrb. Radioakt., 1909, 6, 265), we found also Hah 
that aqueous hydrofluoric acid did not precipitate thorium quanti. § , se 
tatively in presence of mineral acid unless that had been reduced § pitr: 
to a concentration just enough to retain the thorium and uranium § pure 
salts in solution. For a given acidity of mineral acid solution, prey 
we found that the amount of potassium fluoride necessary to§ of u 
, precipitate completely a quantity of thorium of the order of 10 mg. § waz 
was proportional to the quantity of uranyl salt present. It would § ¢ffic 
therefore appear that the uranyl-ion, in addition to the acidity § tant 
of the solution, inhibits the action of the usual precipitants of § and 
thorium. We 
The following is a brief account of the method employed to § 4 « 
obtain uranium-X for use in the experiments to be described. § acid 
Urany] nitrate was added to ether until the solution was saturated, § and 
the aqueous layer was removed and acidified to give a clear § clea 
solution, and to this was added a volume of a solution of thorium § ya; 
nitrate equivalent to 10 mg. of ThO, and then ammonia until a § No 
precipitate just appeared. This was removed by adding aqueous § tan’ 
hydrofluoric acid. Potassium fluoride solution was then added § ¢ipi 
until precipitation was complete. The precipitate was filtered § jp 
off, washed with hot water, dried, and then fused in a porcelain § tan 
crucible with potassium hydrogen sulphate, and the melt when § oc 
cool dissolved in hot water. To this solution were added a few § tat; 
drops of potassium fluoride solution and the precipitate was § hoi 
immediately filtered and washed. This precipitate was found to § goh 
be free from traces of uranium. It was fused again with potassium J pre 
hydrogen sulphate and the thorium precipitated with ammonia J }¢ 
from the clear solution of the melt. The hydroxide was finally § fys 
dissolved in dilute nitric or sulphuric acid. dis: 
Separation of Uranium-Z.—In Hahn’s first paper (loc. cit.), the | me 
method for obtaining uranium-Z was in outline described as § thc 
follows. Uranium-X was concentrated from a large quantity ] 
of uranyl nitrate by the “ crystallisation’ method. To the con- J for 
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eentrated solution was added a ferric salt and the whole poured 
into ammonium carbonate solution. Uranium-X, as is well known, 
is precipitated with the iron. This precipitate was treated with 
a solution of tantalum in hydrofluoric acid, lanthanum nitrate 
added, and the mixture digested on the water-bath with dilute 
hydrofluoric and sulphuric acids. Lanthanum was thereby pre- 
cipitated as insoluble fluoride and carried uranium-X with it. 
The filtrate was then evaporated and the residue gently ignited, 
whereby the tantalum precipitate became insoluble and the iron 
remained soluble. Concentrated hydrochloric acid was added and 
the residue warmed with aqua regia, and, after dilution, filtered. 
Hahn found in the tantalum the new substance uranium-Z, and 
a second treatment of the iron-tantalum solution with lanthanum 
nitrate yielded specimens which were 99°5 per cent. radioactively 
pure. Our method is much less laborious than this one. We 
prepared a concentrated solution of uranium-X from 3 to 4 kilos. 
of uranyl nitrate by the method we have described above. Since 
wanium-Z appears to be of atomic number 91, it should be most 
dficiently separated from uranium-X and thorium by adding 
tantalum in solution to the concentrated solution of uranium-X 
and separating tantalum from thorium by any convenient method. 
We have found the following way convenient and trustworthy. 
Asolution of tantalum was obtained by fusing a few mg. of tantalic 
acid with 0°5 gram of potassium hydroxide in a nickel crucible, 
and dissolving the melt in water. A measured portion of the 
clear liquid was added in the cold to the concentrated solution of 
wanium-X in dilute sulphuric acid and the whole made just acid. 
No precipitation then occurred, but, on boiling, the whole of the 
tantalum and with it substances of atomic number 91 were pre- 
cipitated in a form that allowed of rapid filtration. It is essential 
in this procedure that, when the alkaline solution containing the 
tantalum is added to the other, perfect solution at least momentarily 
occurs. Otherwise the uranium-Z will not be associated quanti- 
tatively with the tantalum when later the latter is precipitated by 
boiling. There is no difficulty in precipitating the tantalum from 
solution if the latter be not too acid and boiling be vigorous. The 
precipitate contains always a small quantity of thorium. If it 
be necessary to remove this, it may be done by two successive 
fusions with potassium hydrogen sulphate. The oxide of tantalum 
dissolves easily on fusion, and when hot water is added to the 
melt the tantalum is quantitatively thrown out of solution, the 
thorium remaining completely in solution. 

In his second paper (loc. cit.), Hahn describes a shaking method 
for the quick separation of uranium-Z from uranium-X. It con- 
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sists in shaking tantalic acid for about three minutes with a con. 
centrated solution of uranium-X containing thorium, filtering of 
the tantalum, which contains uranium-X,, uranium-Z, and a little 
uranium-X,, and, from a knowledge of the decay periods and 
absorption coefficients of the three substances, determining the 
amounts of each present. This way is similar to ours, but has the 
disadvantage of not separating uranium-Z quantitatively. 

Half-value Period of Uranium-Z.—Uranium-Z emits a highly. 
complex #-radiation, most of which, however, is soft. We decided, 
therefore, to measure the decay of this substance inside an ordinary 
«-ray electroscope in order to have easily-measurable effects. The 
residual activity after presumably the whole of the uranium.Z 
had decayed was measured and allowed for in calculating the 
value of the half-value period. Three careful determinations 
were made. In each case the decay was strictly exponential and 
the determined values of the half-value period were found to be 
6°70, 6°69, and 6°69 hours. These values are in excellent agree. 
ment with that found by Hahn, 6°7 hours. One set of measure. 
ments is given in Table I. 


TABLE I, 
Time in Activity Activity | Time in Activity Activity 
hours due to calculated hours due to calculated 
from first U-Z ex- from from first U-Z ex- from 
measure- perimentally P = 6-69 measure- perimentally P = 6-69 
ment. determined. hours. ment. determined. hours. 
0 22-48 22-70 21-5 2-53 2-46 
1-0 20-47 (20-47) 23-0 2-11 2-09 
1-95 18-58 18-55 24-4 1-85 1-81 
3:0 16-57 16-63 26:5 1-46 1-45 
4:0 14-91 15-00 28°3 1-17 1-21 
4:95 13-47 13-59 29-5 1-00 1-06 
5-9 12-22 12-32 72-0 0 0-013 
7-0 10-83 10-98 96-0 0 0-001 
8-1 9-66 9-80 


The Relative Amounts of Uranium-Z and Uranium-X, present 
with Uranium-X,.—From the fact that uranium-Z seems to have 
an atomic number of 91 and is always found with uranium-X, it 
would appear that it is a branch product of uranium-X,, and like 
uranium-X,, the main product, arises from the expulsion of a 
B-particle. Hahn has put forward strong evidence in support of 
this view by determining the relative amounts of the two substances 
in solutions of various ages. His method of separating uranium-Z, 
that by which he discovered this product, was not quantitative, 


but by using the element proto-actinium as an indicator he was § 


able to make the necessary corrections with certainty. He found 
(in his second paper) that the ratio uranium-X to uranium-Z was 
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constant over a period of 200 days, during which the former sub- 
stance decayed to 0°4 per cent. of its originalamount. He estimates 
that if uranium-X, is not the parent of uranium-Z, the parent 
substance must have a period within a day of that of uranium-X, 
(246 days).6 On the assumption that uranium-X, is the parent, 
he finds that 0°9965 of its atoms break up to form uranium-X,, 
and 0°0035 to form uranium-Z. In this work, measurements 
were made in a @-ray electroscope and corrections for absorption 
of the rays by the base afterwards applied. 

In our work, we avoided the use of an indicator by endeavouring 
to make every separation of uranium-Z quantitative. We have 
avoided corrections for the absorption of £-particles by the thin 
base of the electroscope by making all measurements inside an «-ray 
electroscope. Four determinations of the branching-ratio of 
uranium-X have been made. The values obtained by us are 
0:9968 to 0°0032; 0:9966 to 00034; 0°9966 to 0°0034; and 0°9967 
to 00033. These values have been obtained from the same solution 
initially, eleven days after, thirty-two days after, and sixty-two 
days after, respectively. These results, it will be seen, are in 
good agreement with those of Hahn mentioned above. Our 
method of obtaining them is as follows : 

A measured volume of a solution of a tantalum salt was added 
to a solution of uranium-X containing about 10‘ units of activity 
and the whole gently boiled for twenty to thirty minutes. The 
precipitate of tantalic acid contained uranium-Z, the quick-chang- 
ing uranium-X,, and a trace of uranium-X,. It was well washed 
with hot water, ignited, and transferred to a copper disk of diameter 
3cm., on which it was uniformly spread. The filtrate and washings 
were made up to 200 c.c. and several quantities of 1 ¢.c. of this 
were carefully evaporated to dryness on copper disks, leaving the 
active material (uranium-X) as a thin, uniform film consisting of 
about 0°05 mg. of thorium oxide. The mean value of the activities 
of these disks was taken as the activity of 1 c.c. of the solution. 
The comparison of the activities of the disks of uranium-Z and of 
uranium-X was made in an «-ray, instead of in a 8-ray electroscope 
to avoid the necessity of determining the proportion of the §-radi- 
ation of each absorbed by the base of the latter electroscope. It 
was thought that no important source of error was introduced by 
this procedure, as no «-ray substance was present in either film 
except the small and negligible amount of thorium in that containing 
uranium-X. 

A detailed account of the method of arriving at one of the 
results is given below. The units of activity are scale-divisions per 
minute. 
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Ta,O, precipitated at 12.15 p.m. 22/5/23, zero hour. 
Activity of above at 5.06 p.m. 22/5/23 is 47°71 (U-X + U-2Z). 
ie ij at 4.17 p.m. 25/5/23 is 28°79. 
be at 4.31 p.m. 26/5/23 is 28°22 (U-X only). 
Activity of U-X present at 5.06 p.m. 22/5/23 i® 31°56 (since 
the period of U-X is 24°6 days). 
', Activity of U-Z present at 5.06 p.m. 22/5/23 is 16-15. 
“ at zero hour is 26°66 (since the period 
of U-Z is s 6 7 hours). 
Activity of 1 c.c. of U-X solution at 2.30 p.m. 22/5/23 is 39-06, 
oi hs at zero is 39°16. 
of Activity of 200 C.c. of U-X solution at zero is 7832. 
But activity of U-X separated with U-Z (reckoned to zero) is 
31°74. 


Therefore total amount of U-X at zero is 7863°7. 


Hence U-Z 2666 — 0:0054 
U-X ~~ 7863°7 09966" 


It is interesting that our mean value of the branching ratio, 
09967 to 0:0033, is near to that of Hahn, 0°9965 to 0-0035, although 
the methods of arriving at these results are so different. The 
absolute value of this ratio cannot be known, however, until the 
relative ionisations of equal numbers of §-particles emitted by 
uranium-X, and uranium-Z are known. There is no simple way 
known at present of arriving at this result for @-particles. The 
experimental values, however, are very probably of the right order, 
and their constancy with time, in Hahn’s experiments over 200 
days, in ours over 62 days, leaves little doubt that uranium-X 
itself is the parent of uranium-Z. 

The Half-value Period of Uranium-X,.—The chief difficulty in 
making this determination is to make a quick and efficient separ- 
ation of uranium-X, from its parent. Fajans and Goéhring (Physikal. 
Z., 1913, 14, 877), who discovered this substance soon after it 
had been predicted by one of us (Chem. News, 1913, 107, 49), 
separated it by immersing a lead plate in a concentrated solution 
of uranium-X for a few minutes. Uranium-X, was deposited on 
the plate. Its half-value period was found to be 1°15 minutes. 
This work was confirmed by Fleck (Phil. Mag., 1913, [vi], 26, 
528) and by Hahn and Meitner (Physikal. Z., 1913, 14, 758). The 
latter separated uranium-X, by pouring a concentrated solution of 
uranium-X, containing a little thorium through a filter-paper 
impregnated with moist tantalic acid. Uranium-X, was retained 
by the tantalum, which it resembles very closely in chemical 
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roperties. Hahn and Meitner’s values for the period varied from 
1:05 to 1°24 minutes with a mean of 1:17 minutes. 

We separated uranium-X, for this purpose by the procedure 
we had found successful with uranium-Z. A quantitative separ- 
ation was not necessary, but quickness was essential. Both the 
wanium-X solution and that containing tantalum were hot when 
mixed. The solution was momentarily perfect, but on boiling 
precipitation quickly took place; the tantalum was rapidly 
filtered with the aid of the pump, washed in succession with hot 
water, alcohol, and ether, transferred to a copper disk, and its 
activity during the following ten minutes measured. This procedure 
occupied about three minutes from the addition of the tantalum 
to the time of the first measurement in the electroscope. We 
found later that for a good yield of the product by this method 
quick filtration was alone necessary. Whether the solution be 
boiled for two or thirty minutes before filtration had little effect 
on the final yield. This interesting point will be followed up by 
us. As with uranium-Z, so with uranium-X, we found that a 
much better separation was effected by first having everything 
in solution and later precipitating out the tantalum, than merely 
by shaking a solution with, or pouring it through, moist tantalic 
acid. Some figures in support of these points are given below. 


They all refer to solutions of uranium-X of equal activity. 


TABLE II. 


Time in seconds from 
beginning of filtration 
Experi- to first measurement Activity 
ment. Procedure to obtain U-X,. in the electroscope. obtained. 
Solution boiled for three mins. 
after the addition of tantalum 
in solution 94-0 58-6 
As in (1), but boiled for fifteen 
minutes 96-5 53-6 
As in (1), but boiled for thirty 
minutes 100-3 58-9 
Filtered hot through a quantity 
of tantalum equal to that used 
in (1) 103-1 22-0 
Filtered hot four times through 
eight times the quantity of 
tantalum used in (1) 94-4 41-7 


All these measurements were made through the base of a 6-ray 
electroscope with a thin base of aluminium. 

After the uranium-X, had decayed, a residual activity was 
always left, about 3 to 5 per cent. of the initial activity. This 
was due to a small quantity of uranium-X, and with it thorium 
and radio-thorium, adsorbed or mixed with the tantalic acid. As 
the activity due to these substances is constant over the usual 
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duration of the decay measurements (ten minutes), no error thereby 
arose. The decay of uranium-X, when corrected for this was 
strictly exponential. The values of the half-value period in seconds 
obtained were 69°6, 70:0, 70:2, 72°6, 69-0, 71:4, 70-2, 72°6, 69-0, 
70°2, 70°8. The mean value of these, 70°5 seconds, or 1°175 
minutes, is in good agreement with the value of Hahn and Meitner 
(1:17 minutes), and a little higher than the original value of Fajans 
and Géhring (1°15 minutes). 

The Half-value Period of Uranium-Y.—Uranium-Y was dis. 
covered by Antonoff (Phil. Mag., 1911, [vi], 22, 419; 1913, [vi], 26, 
1058) and its existence confirmed by Soddy (ibid., 1914, [vi], 27, 
215) and by Hahn and Meitner (Physikal. Z., 1914, 15, 236). It 
was found always to be present in preparations of uranium, to 
be probably an isotope of uranium-X, and thorium, to emit a 
weak £-radiation, and possibly to be a branch product of uranium 
and the head of the actinium series. The period of this substance 
was found by Antonoff (loc. cit.) to be 1°5 days, and by Hahn and 
Meitner (loc. cit.) 25°5 hours. Soddy (loc. cit.) estimated it to he 
between twenty-four hours and thirty-six hours and nearer the 
former. The value of Hahn and Meitner was the final one obtained 
in a series of measurements which increased in successive determin- 
ations from 21 to 25:5 hours. The smaller values they ascribed 
to the presence of thorium as an impurity in the uranium with 
which they worked. ‘This decreased with successive extractions 
of uranium-Y from the uranium, and so the half-value period of 
the former gradually tended to the correct value. The period of 
uranium-Y is not easily determined with great accuracy, as it is 
always contaminated with its longer-lived isotope uranium-X,, 
which in equilibrium emits about thirty times more £-particles than 
uranium-Y. In addition, the radiation from uranium-Y is on the 
average much softer. The consequence is that even in the most 
favourable case the activity due to uranium-Y in a preparation 
is not much more than one-third of the total activity. Our method 
of separating uranium, which followed the usual lines, was as 
follows : 

From 400 grams of uranyl nitrate in ethereal solution the whole 
of the uranium-X and uranium-Y was removed by two successive 
extractions with a few drops of water. Fifteen hours later, the 
uranium-X and uranium-Y which had grown in that time were 
similarly removed. To this aqueous solution was added a drop of 
ferric chloride solution and the whole poured into a hot normal 
solution of ammonium carbonate. The uranium dissolved and 
ferric hydroxide containing much of the total uranium-X and 
uranium-Y was precipitated. This precipitate was dissolved in 
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acid and the treatment with ammonium carbonate repeated. After 
thorough washing with ammonium carbonate solution and hot 
water, the precipitate was ignited and made into a film on a disk 
of copper. Measurements of the decay in activity of this pre- 
paration were made in an «a-ray electroscope in order to avoid 
absorption of the soft ®-radiation by the base of a B-ray electroscope. 
From the final activity of the uranium-X, remaining after uranium-Y 
had decayed to zero, the amount of uranium-X present at each 
measurement was calculated and subtracted from the joint activity 
to give that due to uranium-Y only. When uranium-Y had 
decayed to zero, the residue decayed with the period of uranium-X 
(24-6 days); there was no evidence of the presence of another 
substance emitting «-particles. Six determinations were made, 
The values of the half-value period in hours obtained were 27:5, 
98-0, 27-5, 28-2, 27-8, 27-8. The mean of these is 27-8 hours. One 
set of measurements is given below. The table includes for purposes 
of comparison the values of the activity of uranium-Y calculated 
on the new value (27-8 hours) and the old value (25-5 hours) of 


the period. 


TABLE III. 
é Activity of U-Y, 
Activity of Activity Activity Calculated. 
Time U-X + U-Y. of U-X. of U-Y. P = 27:8 P = 255 
(hours). Experimental. Calculated. Experimental. hours. hours. 
0 64-44 42-90 21-54 (21-54) (21-54) 
2-75 62-38 42-76 19-62 20-11 19-99 
17-25 56-36 42-02 14-34 14-01 13-48 
26-0 52-55 41-58 10-97 11-26 10-63 
41-25 48-40 40-82 7-58 7-70 7:02 
51-50 46-28 40-32 5-96 5-96 531 
65-83 44-25 39-63 4-62 4-17 3°60 
91-50 40-53 38°43 2-10 2-19 1-79 
311-0 29-98 29-98 0 0-008 0-005 


It is seen from the table that the agreement between the experi- 
mental values and those calculated from P = 27-8 hours is fair. 
The agreement between the experimental values and those calculated 
from P = 25-5 hours is very poor. It is possible, however, that 
our consistently higher value may be due in some way to our not 
making the determinations in a ®-ray electroscope. 

The Ratio of Uranium-Y to Uraniwm-X in Preparations of 
Uranium.—The constancy of the activities of these two substances, 
suggested by early workers on uranium-Y, has been established 
in detail by Kirsch (Wien. Ber., 1920, 129, 2a, 309). Hahn has 
found the value of the ratio to be 0-021. It is to be expected that 
this ratio would be the same as the equilibrium ratio of proto- 
actinium to ionium in minerals, since uranium-Y is probably a 
member of the actinium series in the direct line. This latter ratio 
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has been found by Hahn and Meitner (Physikal. Z., 1919, 20, 
529) to be 0-03, by Meyer (Wien Anzeiger, 1920, 133) to be 0-042, 
and by Widdowson and Russell (Phil. Mag., 1923, in the press) 
to be 0-029. Since both ionium and proto-actinium expel «-particles, 
a determination of the relative number of «-particles expelled by 
each when in equilibrium in a mineral is easily deducible from a 
determination of their relative ionisations, but for substancés like 
uranium-X and uranium-Y which expel £-particles this cannot 
simply be done. It will be only when the relative ionisations 
due to an equal number of average 8-particles from uranium-X, 
uranium-X,, uranium-Y, and (if it exists) from uranium-Y, are 
known and when further it has been decided whether or not 
uranium-Y consists of two substances expelling §-particles that 
it will be possible to deduce from the relative ionisations of 
uranium-X and uranium-Y the relative number of £-particles 
which they expel in unit time. Our value of the equilibrium ratio 
was found as follows. The uranium-X and uranium-Y present 
in about 400 grams of uranyl nitrate in ethereal solution were 
completely removed. From fifteen to seventeen hours later, the 
uranium-X and uranium-Y which had. grown in that time were 
separated with a little uranium as an aqueous layer. The uranium 
was separated from the uranium-X and uranium-Y by adding 
to their solution either a little iron salt in solution or a little 
thorium salt in solution, and separating the iron or the thorium 
completely from the uranium in the usual manner. Uranium-X 
and uranium-Y were separated with the iron or the thorium. 
Their combined activity was then measured in an «-ray electro- 
scope in order to avoid the uncertain correction for absorption 
of their $-particles, and later when the whole of the uranium-Y 
had decayed. From the known disintegration constants of these 
substances their relative activities when in equilibrium were 
deduced. Three determinations were made. In (1) and (2) iron was 
used, in (3) thorium as mentioned above. Details are given below: 


(1). (2). (3). 
Activity due to U-X + U-Y when first measured 64:44 28-65 36-21 


GUY AND RUSSELL : 


7 ‘i U-X is e sa 42:90 19-81 25-65 
> U-Y i se 21-54 8-84 11-56 

Time in hours from separation to first measure- 
WI. esddcemavencinswlcecuswedens seibassoswwcbecesactes 6-5 7:5 7:25 
apron of U-X at time of separation ............ 43-23 20:04 25-87 
S. Gi ee Be Site ees 25:40 10-70 13-89 

Time in hours of grow th of U-X + U-Y in the 
UE CUMIN: sine avecudeocestaddvbersacssscensyice 15-0 16-25 16-25 
Percentage growth of U-X in this time ............ 1-74 1-90 1-90 
UF ie. bpaenthes 31-69 33-81 33-81 

Activity of U-X at COMEIDTIIM | 566 ysc0s 0000509509 2484 1054 1362 
ps 2 a oe ae ree eee 80-15 32-1 41-8 


Ratio of ‘activity of U- Yr to thet GF Wek sbscccees see 0-032 0-030 0-031 


THE SHORT-LIVED RADIOACTIVE PRODUCTS OF URANIUM. 2629 


The mean of these values, 0-031, is a minimum one, as possible 
errors in carrying out the chemical work all tend to make the 
final ratio low.. This value is higher than, but of the same order 
as, that obtained by Hahn, and is very close to the values obtained 
for the equilibrium ratio of proto-actinium to ionium (0-03). The 
agreement is, no doubt, in part fortuitous, but at least it serves 
to confirm the fact that these ratios are of the same order. 

The Position of Uranium-Z in the Disintegration Series—Hahn 
(Ber., 1921, 54, [B], 1131; Z. physikai. Chem., 1923, 103, 461) 
represents uranium-Z’s position as follows : 


. «+ Bz, 


hed 


U-X. /é 


y 
Vv, U-Z 
VA 


Fy 


. ——+> I, etc. 


We agree with this. It is the simplest way of explaining the 
experimental facts which are at present known. Reasons for 
rejecting an alternative scheme due to Piccard have been given 
in another paper (Russell, Phil. Mag., 1923, [vi], 46, 429). 
A third possibility of course exists, namely, that two isotopes 
of nearly equal periods, each emitting -particles, might be the 
parents of uranium-X, and uranium-Z respectively. But if this 
were so, it would be necessary to assume either that one of them 
comes from an isotope of uranium I and uranium II, or that 
either uranium I or uranium II itself breaks up dually with 
the expulsion of an «-particle to give respectively both or one 
of the two $-ray isotopes of nearly equal period. As there is no 
known case of two isotopes having periods in a smaller ratio than 
1-25 to 1, it is improbable that two isotopes, one with a period of 
24-6 days, the other with one of 24:6 + 1 days (as demanded by 
the experimental evidence), exist. On theoretical grounds also, 
there is much to be said for Hahn’s scheme. Two disturbances 
occur in the transformation of uranium-X, into uranium II in 
each of which a §-particle is expelled. It could happen that with 
a fraction of the atoms of uranium-X, the disturbance which 
usually occurs second occurs first, and later there occurs in the 
atoms thus produced what corresponds to the first disturbance 
in the majority of uranium-X, atoms. Even on this simple view, 


it need not follow that the $-particle expelled by uranium-X, in 
41* 
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being transformed to uranium-X, is that expelled by uranium.7Z 
in disintegrating, or that uranium-X,’s -particle is that expelled 
. by those atoms of uranium-X, which disintegrate to form uranium.Z, 
because our lack of knowledge concerning the mechanism of disip. 
tegration forces us to leave the matter open. It is to be expected, 
however, that uranium II would not be the product of both 
uranium-X, and uranium-Z (as the scheme assumes) unless the 
total amount of energy expelled along the alternative routes to 
it from uranium-X, be equal. This matter has yet to be 
investigated. 

It has been pointed out by one of us (Russell, Nature, 1923, 
111, 703) that the equilibrium ratio U-X,/U-Z is of the same order 
as the reciprocal of the periods of these two substances. The 
former of these is 285 according to Hahn and 302 according to 
us, and the latter is 342. If this be not a coincidence, it would 
appear that the transformation of uranium-X, into uranium II 
occurs in essentially the same manner but at two different rates, 
The rate along the major branch U-X, —> U-X, —> U II is about 
300 times faster than that along the minor, U-X,—> U-Z—> UII, 
for the uranium-X, atoms which disintegrate to form uranium-Z 
have a quasi-period which is 285 or 302 times that of the atoms 
which go to form uranium-X,, and uranium-Z’s period is 342 
times that of uranium-X,. In support of the possibility of this 
suggestion is the following. The transformations ionium to 
radium-B, radiothorium to thorium-B, and radioactinium to 
actinium-B are all very similar as regards radiations expelled. 
Also each product in these transformations has a period on the 
average 800 times smaller than its parent, yet the rate of decay 
of products of the first transformation is 1:3 x 10° times that 
of the corresponding products of the second, and 6 x 10* times 
that of the corresponding products of the third. 


Summary. 


(1) A method has been outlined for preparing quickly a con- 
centrated solution of uranium-X free from uranium, using the 
“ether ’ method of concentrating, and precipitating uranium-X 
along with a trace of thorium by a solution of potassium fluoride. 

(2) A method has been worked out for a quick and efficient 
separation of uranium-X,, using a solution of tantalum as a pre- 
cipitant. Its half-value period has been found to be 1-175 minutes, 
the mean of eleven determinations, which is in agreement with the 
accepted value. 

(3) The period of uranium-Y has been found to be 27-8 hours, 
the mean of six determinations, which is 9 per cent. higher than 
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theaccepted value. The equilibrium ratio uranium-Y to uranium-X 
has been found to be 0-031. 

(4) The existence of uranium-Z has been confirmed, and @ 
method for its preparation in a radioactively pure state described. 
It emits a weak §-radiation, has a period of 6-69 hours, and the 
equilibrium ratio uranium-Z to uranium-X has been found to be 
constant with time and equal to need 

(5) Hahn’s scheme for representing uranium-Z’s position in the 
disintegration series is regarded as most probable, and a suggestion 
jg made connecting periods of substances and their equilibrium 


ratio. 
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OCIV.—Studies in the Anthracene Series. Part VII. 
By EpwaRD DE Barry BaRnetT and JAMES WILFRED Cook. 


In a previous communication (Barnett, Cook, and Matthews, this 
vol., p. 1994), it was shown that anthranyl methyl and ethyl ethers 
(I) on treatment with nitric acid give a mixture of dianthrone (III) 
and nitroanthrone (V). The production of the former compound 
is obviously due to dealkylation to anthranol (II) and subsequent 
oxidation : 

C-OR C-OH yn H, C,H, 


CHC CH Hi cog CH: CHL Sco 
snc a, 
(I.) (II.) (III.) 


The production of nitroanthrone might be due to nitration 
subsequent to dealkylation, or to addition of nitric acid to the 
anthranyl ether and subsequent loss of the alkyl group : 


cls yal ‘a tag Pe 
Soe, (v.) 
Sates inate 1 g One 


(IV.) CH KOH, 
HGNO, 


4T* 2 
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This latter view represents the mechanism of the reaction 
as being essentially similar to that which takes place when 
anthracene is suspended in acetic acid and treated with nitric 
acid. 

Considerable interest lies in reactions of this type in view of 
the light which they throw on the mechanism of nitration reactions 
in the aromatic series, and therefore it was decided to extend the 
investigation to certain anthracene derivatives in which substituents 
are attached to the meso-carbon atoms in the hope of obtaining 
definite evidence of the formation of additive compounds with nitric 
acid. Unfortunately, these additive compounds are unstable and 
difficult or impossible to isolate, so that, except in the case of 
anthracene itself, it has only been possible to obtain indirect evidence 
of their formation. 

The nitration of anthrone (VI) to nitroanthrone (V) might possibly 
be due to the direct replacement of a mobile hydrogen atom, but it 
is more probable that nitration is preceded by enolisation to anthranol 
(IL), the formation of an additive compound from this and nitric 
acid (VII) and subsequent loss of water : 


CO HO-C-O0H 
(VL) CoH DOH, — CoH >CoHy (VII) —> (Vv, 
SH, HO-O-NO, 


That nitration takes place through the enolic form is supported, 
not only by the nitration of the anthranyl alkyl ethers, but also by 
the fact that anthranyl acetate when treated with nitric acid passes 
very easily into nitroanthrone. More rigorous proof, however, 
would lie in the discovery of anthrone derivatives which are nitrated 
in the enolic (anthranol) form, but which remain unaffected under 
similar conditions when in the ketonic form, and if the enolic form 
contained no replaceable hydrogen atom the proof of the inter- 
mediate formation of an additive compound would be complete. 
For this purpose, it was necessary to select some anthrone derivative 
the tendency of which to enolise in acetic acid solution at the ordinary 
temperature is very small, and phenylanthrone (VIII) was found to 


fulfil this condition, its solutions in cold acetic acid exhibiting no § 


visible fluorescence. As was foreseen, it was found that phenyl- 
anthrone remains unaffected when suspended in acetic acid and 
treated with concentrated nitric acid. Indeed, in one experiment it 
was recovered unchanged after treatment at 60° for a few minutes 
with fuming nitric acid (d 1-50). On the other hand, the enolic 
phenylanthranyl acetate (IX) reacts easily with nitric acid (d 1-42 
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or 1:50) under similar conditions and gives rise to a mixture of 
phenylnitroanthrone (X) and phenylhydroxyanthrone * (XI) : 


PhCH PhO 
(VIIL.) CoH >C eH, (IX.) CHC CoH — 
vO OAc 
PhC-NO, PhC-OH 
(X.) CoH >CoHy 4+ (XL) CoH SCH, 
SO SO 


In phenylanthranyl acetate there is no replaceable hydrogen 
atom in the meso-position. Since nitration takes place, but not 
through the ketonic anthrone, it follows that it must occur by an 
additive reaction : 


PhC PhC-NO, 
RIL) OAC) CH, —> (XT) CHC CH, > &) 
HOG HO-C-OH 


In this case it will be observed that the subsequent loss of water 
takes place from the gem.-dihydroxy-grouping, and not by the 
re-establishment of the “ bridge’ bond, the above reaction being 
one in which an “ aromatic ’”’ compound on nitration gives a com- 
pound in which the nitro-group is in the “aliphatic” state. The 
same remark also applies to the methyl compounds described below. 

In order to obtain still further evidence in support of the view 
that nitration reactions consist in additive reactions followed by 
loss of water, the behaviour of methyl- and phenyl-anthranyl 
methyl ethers (XIV) towards nitric acid was examined. Neither 
of these compounds contains a replaceable hydrogen atom in the 
meso-position, and although they are both demethylated by heating 
with mineral acids in glacial acetic acid solution, this reaction takes 
place much less readily than is the case with anthrany!l methyl ether, 


* Phenylhydroxyanthrone has previously been obtained by Baeyer and 
Schillinger (Annalen, 1880, 202, 58) by oxidising phenylanthrone by boiling 
it with potassium dichromate in glacial acetic acid solution. Its formation 
may possibly be due to the direct replacement of a hydrogen atom by a 
hydroxyl group, but since, when nitric acid is used as an oxidising agent, 
phenylanthranyl acetate is oxidised under conditions under which phenyl- 
anthrone remains unaffected, it seems much more probable that oxidation 
takes place through the enolic form. Alternatively, the production of phenyl- 
hydroxyanthrone in the above reaction may be due to a consecutive reaction 
in which the nitro-group of part of the phenylnitroanthrone is replaced by 
a hydroxyl group. That such a reaction can take place easily will be shown 
in the sequel, although it is doubtful if it would take place to any appreciable 
extent under the experimental conditions used. 
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and it is extremely improbable that simple demethylation would 
take place under the conditions used for nitration.* Also it was 
found that methylnitroanthrone was not obtained if methylanthrany| 
methyl ether were first demethylated by heating with sulphuric acid 
in acetic acid solution. Under these conditions, anthraquinone 
and a resinous substance which was probably unchanged methyl. 
anthrone were obtained as the sole products of the reaction, and no 
traces of the well-defined methylnitroanthrone could be detected, 
Both ethers react very easily in cold acetic acid suspension with 
nitric acid, the products being phenylnitroanthrone and methyl. 
nitroanthrone (XVI). The only possible explanation of this 
reaction lies in the assumption that an additive compound (XY) 
with nitric acid is first formed, and that subsequent loss of methy| 
alcohol then takes place from the gem.-hydroxymethoxy-group : 


Me(or Ph)C Me(or Ph)C-NO, Me(or Ph)C-NO, 
CoH SoH, _ CoH >C eH, san CoH >CeH, 
C-OMe HO-C:OMe CO 
(XIV.) (XV.) (XVI) 


In neither case was it found possible to isolate the intermediate 
additive compound, but in both cases the suspended ether rapidly 
dissolved during the addition of the nitric acid, and then after 
keeping for a few minutes the methyl- or phenyl-nitroanthrone 
crystallised out. In both compounds the nitro-group is very 
loosely held, and both liberate iodine from potassium iodide, in this 
way resembling nitroanthrone. In the case of the phenyl compound, 
boiling with acetic acid causes a rapid evolution of oxides of nitrogen 
and the formation of phenylhydroxyanthrone (XI). It may be 
urged that this excessive reactivity of the nitro-group points to the 
compounds being anthranyl nitrates rather than nitroanthrone 
derivatives. ‘This, however, can scarcely be the case, as they show 
no fluorescence and the formation of esters of nitric acid under the 
experimental conditions employed is extremely improbable. Also 
in the case of the phenyl compound the action of nitric acid on the 
acetate leads to the simultaneous production of large quantities of 
phenylhydroxyanthrone, so that the isolation of the nitro-compound 
is extremely difficult. The action of nitric acid on the methy] ether, 
on the other hand, leads at once to almost pure phenylnitroanthrone, 
no phenylhydroxyanthrone being formed. Such a result would be 
inexplicable if the reaction really consisted in the formation of a 


* The ready dealkylation of the anthranyl ethers (Barnett, Cook, and 
Matthews, loc. cit.) is probably due to the addition of the elements of water 
taking place at the “‘ bridge ”’ bond with subsequent loss of alcohol from the 
resulting gem.-alkyloxyhydroxy-compound. 
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nitric ester from phenylanthranol (XII) produced by hydrolysis, 
but is readily explicable when the probable relative stability of the 
intermediate additive compounds (XIII and XV) is considered. 
That the nitro-group is attached to one of the meso-carbon atoms 
and not elsewhere in the molecule is shown by the conversion of 
the nitro-compound into phenylhydroxyanthrone by hydrolysis. 

From the above, it is evident that in the anthracene series nitration 
in the meso-position consists in the first place in addition of nitric 
acid to the “ bridge ’’ bond, and subsequent loss of water or alcohol, 
this loss taking place with re-establishment of the “ bridge ” when 
this is possible, or from the gem.-dihydroxy-group when re-establish- 
ment of the “bridge” is not possible. Anthracene is the only 
compound from which the intermediate additive compound has 
actually been isolated * (in the form of its esters), and in this 
instance it has already been shown (Barnett, Cook, and Matthews, 
loc. cit.) that the formation of this additive compound is a reversible 
reaction. The formation and stability of these additive compounds 
must depend on the reactivity of the ‘“ bridge”’ bond, and this 
again is dependent on the presence of substituents, not only in the 
meso-positions, but also in the benzene rings. Substituted anthra- 
cene derivatives are therefore at present being studied in the hope 
of discovering other instances in which the intermediate additive 
compound can actually be isolated, and of finding some general 
tule governing the influence of substituents on the “ bridge ” bond. 
It seems extremely probable that all nitration reactions, and prob- 
ably also most other substitution reactions, in the aromatic series 
consist in the first instance in a reversible additive reaction, followed 
by loss of water or halogen acid, usually with re-establishment of 
a ‘“‘ bridge’ bond. Such a conception of the mechanism of nuclear 
substitution affords a rational explanation of many otherwise 
obscure reactions, but a fuller discussion is postponed until experi- 
mental proof is available of the reversible formation of these additive 
compounds in the benzene and naphthalene series. 

Baeyer and Schillinger (loc. cit.) prepared phenylanthrone by 
loss of water from triphenylmethane-o-carboxylic acid. It has been 
found that a more satisfactory method consists in condensing 


. bromoanthrone with benzene in the presence of aluminium chloride. 


It was hoped by this means to obtain a considerable number of 
arylanthrones and from them the arylanthracenes in order to study 
the effect of the aryl group on the “ bridge” bond and to extend 
the work which has already been published on the tendency of the 


* It has been claimed that similar additive compounds can be isolated 
from 9 : 10-dichloroanthracene, 2 : 9 : 10-trichloroanthracene, and 1:3:9:10 
tetrachloroanthracene (D.R.-P. 296019). 
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carbon atoms in the meso-positions to act in the tervalent state, 
The reaction, however, is not of such general application as would 
be expected. Thus in the case of benzene it takes place readily, 
but with toluene with much greater difficulty, and it was found 
impossible to purify the resulting tolylanthrone, although tolyl. 
anthranyl acetate was obtained in the pure state. All attempts 
to prepare xylyl- and naphthyl-anthrone resulted only in resinous 
products. 

The reduction of phenylanthrone to phenylanthracene was 
effected by Baeyer and Schillinger (loc. cit.) by distillation with 
zinc dust. It has been found that much more satisfactory results 
are obtained by the use of zine dust and ammonia, as the reaction 
is complete in a few minutes and the product is easy to purify, 
On the other hand, if the reduction is carried out with zinc dust 
and hydrochloric acid in acetic acid solution, the pinacol condens. 
ation takes place, the sole product isolated being diphenyldianthrany| 
(compare Barnett and Matthews, this vol., p. 380). The different 
behaviour on reduction in alkaline and in acid solution is probably 
to be attributed to the fact that in the former case enolisation first 
takes place and is followed by the addition of hydrogen to the 
“bridge ” bond. In the latter case enolisation does not take place, 
so that the carbonyl group behaves normally. Probably the 
abnormal behaviour of the Bz-chloroanthrones on reduction in acid 
solution (Barnett and Matthews, this vol., p. 2549) is also due to 
their varying tendency to enolisation and to the effect of the 
chlorine atoms on the reactivity of the “ bridge ” bond. 

Phenylanthracene is readily converted by nitric acid into 9-nitro- 
1¢-phenylanthracene, the position of the nitro-group being proved 
by oxidation to phenylhydroxyanthrone. No intermediate additive 
compound could be isolated. 


EXPERIMENTAL. 
Phenylanthrone and its Derivatives. 


Phenylanihrone (VIII)—To pure 9-bromoanthrone (32 grams), 
suspended in 150c.c.of anhydrous thiophen-free benzene heated under 
reflux, 30 grams of finely powdered anhydrous aluminium chloride 
were added slowly, a violent reaction taking place and the solution 
becoming successively green, purple, red, and finally brown. The 
whole was then boiled gently for an hour, cooled, and poured into a 
large volume of dilute hydrochloric acid. The benzene layer, having 
been washed, was dried with calcium chloride and most of the 
benzene removed below 45° under reduced pressure. The residue 
was diluted with a large volume of ether and cooled, when phenyl- 
anthrone separated, and was washed with ether. The yield was 
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16 grams and a further 5 grams of rather less pure material was 
obtained by concentrating the mother-liquors. It is best purified 
by recrystallisation from a mixture of methyl ethyl ketone and 
aqueous alcohol. 

In the above preparation it is not essential to remove the benzene 
by distillation under reduced pressure, but if this is not done the 
product is less pure and the yield smaller. The yield was not 
improved by adding bromoanthrone to anhydrous aluminium 
chloride suspended in benzene nor by the alternate addition of small 
amounts of bromoanthrone and aluminium chloride to benzene. 

Phenylanthranyl acetate (IX) was prepared by Baeyer and 
Schillinger (loc. cit.) by heating phenylanthrone with acetic anhydride 
at 140°, but is much more conveniently obtained by heating pheny]l- 
anthrone (3 grams) with pyridine (10 c.c.) and acetic anhydride 
(3 c.c.) for an hour on the water-bath. The acetate separates on 
cooling and after being washed with alcohol is recrystallised from a 
mixture of alcohol and methyl ethyl! ketone. 

Phenylanthranyl Methyl Ether (XIV).—Phenylanthrone (16 
grams) was heated under reflux with 100 c.c. of alcohol and the 
boiling solution treated alternately with small quantities of potassium 
hydroxide (in all, 15 grams dissolved in 20 c.c. of water) and 
technical methyl toluene-p-sulphonate (in all, 30 grams dissolved 
in 50 c.c. of warm alcohol). After the whole of the ester and alkali 
had been added, the boiling was continued for half an hour and the 
solution then cooled. After being washed with alcohol and hot 
water, the resulting pale yellow needles melted at 161—163° and 
at the same temperature after recrystallisation from a mixture of 
alcohol and methyl ethyl ketone. The yield of the recrystallised 
product was 11 grams (Found: C = 88-4; H= 5°82. C,,H,,O 
requires C = 88-7; H = 5-63 per cent.). 

Phenylanthranyl methyl ether is almost insoluble in cold alcohol, 
but moderately soluble in hot methyl ethyl ketone or acetic acid. 
Its solutions exhibit a powerful violet fluorescence. It is demethy]l- 
ated when heated for two hours on the water-bath with glacial 
acetic acid containing a few drops of concentrated hydrochloric acid. 

Phenylanthronylpyridinium Bromide.—Phenylanthrone (10°8 
grams) was dissolved in 20 c.c. of hot pyridine, the solution rapidly 
cooled in a freezing mixture and then treated slowly with bromine 
(2 c.c.; 1 mol.). After being kept for three hours at the ordinary 
temperature, the whole was again cooled in a freezing mixture and 
the solid washed with pyridine and dried in a vacuum desiccator. 
Owing to its instability, it is rather troublesome to purify, and the 
purification of the analytical sample was effected by shaking with 
cold alcohol and addition of ether to the filtrate. On cooling in a 
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freezing mixture, colourless crystals separated which melted to a 
red liquid at 101—102° (Found: Br = 18-8. C©,,;H,,ONBr requires 
Br = 18-7 per cent.). 

Phenylanthronylpyridinium bromide is very easily soluble in 
water or alcohol. Its aqueous solution became turbid on keeping 
at the ordinary temperature for a short time owing to hydrolysis 
taking place with the formation of phenylhydroxyanthrone, which 
was identified by the method of mixed melting points.* On 
attempting to recrystallise the bromide from boiling alcohol, a 
product containing neither nitrogen nor bromine was obtained 
which melted at 156—157° alone or when mixed with an authentic 
sample of phenylethoxyanthrone. 

9-Phenylanthracene-—Phenylanthrone (10 grams) was ground 
with 30 grams of zinc dust and 150 c.c. of water were added. After 
the zinc had been activated with a few drops of a dilute solution of 
platinic chloride, 150 c.c. of aqueous ammonia (d 0-880) and 100 c.c. 
of water were added and the whole was heated under reflux on the 
water-bath until it was no longer yellow (about fifteen minutes). 
After the greater part of the zinc had been removed by digestion 
with dilute hydrochloric acid, the product was crystallised from 
alcohol. The yield was 7 grams. The very large excess of ammonia 
was found necessary to insure rapid and complete reduction. 
9-Nitro-10-phenylanthracene.—Phenylanthracene (2°5 grams) was 
suspended in 20 c.c. of glacial acetic acid and 1-4 c.c. of nitric acid 
(d 1-42) added slowly with cooling. After the mixture had been 
kept for an hour at the ordinary temperature in the dark, the yellow 
crystals were washed with cold acetic acid and recrystallised from 
boiling acetic acid (Found : N = 4-62. C,)H,,0,N requires N = 4-68 
per cent.). 

Phenylnitroanthracene forms glistening, yellow crystals which 
are easily soluble in carbon disulphide, chloroform, or benzene, and 
moderately soluble in ether. It rapidly becomes red on exposure 
to light and for this reason the preparation and purification must 
be carried outin the dark. It does not liberate iodine from potassium 
iodide in boiling glacial acetic acid solution. When oxidised by boiling 
for a few minutes with excess of chromic acid in glacial acetic acid 
solution, it is converted into phenylhydroxyanthrone, together with 
a small amount of anthraquinone. The latter was removed by 
digestion with an alkaline solution of sodium hyposulphite and the 
. residue after recrystallisation from alcohol identified as pheny]- 
hydroxyanthrone by the method of mixed melting points. 


* Baeyer and Schillinger (Joc. cit.) give the melting point as 208°, but this 
is too low. Their product seems to have been contaminated with anthra- 
quinone and dianthrone. The melting point of the pure substance is 214°. 
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Diphenyldianthranyl.—Phenylanthrone (12 grams), suspended in 
75c.c. of boiling glacial acetic acid, was reduced by the addition of 10 

ms of zinc dust (added in four portions) and 10 c.c. of concen- 
trated hydrochloric acid. The reduction was carried on for one and 
a half hours, although this was probably longer than was necessary. 
After the removal of excess of zine by digestion with dilute 
hydrochloric acid, the product was dried in the steam-oven and 
then recrystallised three times from toluene (Found: C = 94:8; 
H = 5-25. C,H, requires C=949; H=5-1 per cent.). 
Diphenyldianthrany] forms a yellow, crystalline powder which does 
not melt below 300°. Its solutions exhibit an intense violet 
fluorescence. It does not appear to form an additive compound 
with toluene and in this way differs from dianthrany]. 

Tolylanthranyl Acetate—Bromoanthrone (47 grams) was sus- 
pended in 250 c.c. of dry toluene, 35 grams of anhydrous aluminium 
chloride were added slowly, and the temperature was then gradually 
raised to 110° (temperature of oil-bath) and maintained at this 
point for an hour. After cooling, the whole was poured into a 
large volume of dilute hydrochloric acid, the toluene layer well 
washed, dried with calcium chloride, and filtered. After the 
toluene had been removed by distillation in a vacuum at a low 
temperature, the viscous residue was diluted with ether and the solid 
well washed with ether. It then melted to a red liquid at 130° 
after previous sintering, and at appreciably the same tempera- 
ture after several recrystallisations from different solvents. It 
was soluble in boiling aqueous solutions of sodium hydroxide with 
a yellow colour, and there can be no doubt but that it consisted 
essentially of tolylanthrone, although satisfactory analytical results 
could not be obtained. It was therefore heated for an hour on the 
water-bath with pyridine and acetic anhydride. On cooling and 
diluting the solution with water, a resinous product separated 
which became solid when kept for several days in contact with 
alcohol. It was then recrystallised several times from alcohol 
(Found: C= 843; H= 5-64. C,,H,,0O, requires C = 84-4; 
H = 5-81 per cent.). 

Tolylanthranyl acetate forms a yellow, crystalline powder which 
melts at 163—164°. It is easily soluble in most media and its 
solutions exhibit a strong bluish-violet fluorescence. On reduction 
with zine dust and hydrochloric acid in boiling glacial acetic acid 
solution, it appears to be converted into ditolyldianthranyl. The 
product, however, crystallised with difficulty and retained zinc 
salts very obstinately, a sample which had been recrystallised 
several times both from chloroform and light petroleum and from 
benzene and ether showing on analysis nearly 3 per cent. of ash, 


2640 BARNETT AND COOK: 


Nitration Experiments. 


In all cases the nitrations were carried out by suspending the 
finely powdered substance in glacial acetic acid and adding nitric 
acid slowly from a burette. During the addition the solution was 
kept well stirred, and cooled by immersing the vessel in cold water. 

Nitration of Anthranyl Acetate—Anthranyl acetate (2-3 grams), 
suspended in glacial acetic acid (10 c.c.), was nitrated by the 
addition of 0-7 ¢c.c. of nitric acid (d 1-42). Most of the acetate 
dissolved and, on keeping, colourless crystals separated and after 
recrystallisation from carbon disulphide were identified as nitro. 
anthrone by direct comparison with an authentic sample. 

The nitration of the acetate takes place more smoothly than is 
‘the case with anthrone, and as anthranyl acetate is very easily 
obtained by the pyridine—acetic anhydride method * (Barnett and 
Matthews, loc. cit.), this is the best method for making nitroanthrone. 

Nitration of Methylanthranyl Methyl Ether—Methylanthrany| 
methyl ether was prepared from anthrone, methyl iodide, and 
potassium hydroxide by the method described by Meyer and Schlésser 
(Annalen, 1920, 420, 113), but it was found desirable to increase by 
50 per cent. the amount of alkali recommended by these authors. 
The ether (2:2 grams), suspended in glacial acetic acid (10 c.c.), 
was nitrated by the addition of 0-7 c.c. of nitric acid (d 1-42), and 
dissolved rapidly. After a few minutes, when the sides of the 
vessel were scratched colourless crystals separated, which, washed 
with a little cold acetic acid, were recrystallised from carbon di- 
sulphide, washed with light petroleum and ether, and dried in a 
vacuum desiccator (Found: C= 70-9; N= 5-53. C,,H,,0,N 
requires C = 71-1; N = 5-53 per cent.). 

Methylnitroanthrone (XVI) forms colourless crystals which are 
easily soluble in chloroform or carbon disulphide, moderately easily 
soluble in glacial acetic acid or ether, and sparingly soluble in light 
petroleum. Its solutions in concentrated sulphuric acid are emerald- 
green and turn red on the addition of a drop of nitric acid. Its 
solutions in acetic acid liberate iodine from potassium iodide. 

Nitration of Methylanthrone——Methylanthranyl methyl ether 
(7 grams) was heated on the water-bath with 50 c.c. of glacial 
acetic acid to which had been added 1 c.c. of concentrated sulphuric 
acid diluted with 3 c.c. of water. The ether dissolved slowly, about 
one and a half hours’ heating being required. The resulting solution 
was diluted with a large volume of water and the oil which separated 


* The amount of pyridine originally recommended can be reduced to one- 
half. The pure acetate melts at 136°, and not at 132—134°, as formerly 
stated. 
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extracted with ether. After the ethereal extract had been washed 
with a dilute solution of sodium carbonate until it was no longer 
acid, it was dried over calcium chloride and the ether removed by 
distillation. The resulting oil became semi-solid after being kept 
for several days in a vacuum desiccator over concentrated sulphuric 
acid and solid potassium hydroxide, but could not be crystallised, 
and therefore was not obtained sufficiently pure for analysis. 
However, its method of preparation and its solubility in boiling 
dilute aqueous sodium hydroxide to form a yellow solution left no 
doubt as to its being methylanthrone, and this was confirmed by 
its reduction to methylanthracene. This was effected by means of 
activated zinc dust and ammonia under exactly the same conditions 
as were used for the reduction of phenylanthrone. The identific- 
ation of the 9-methylanthracene, recrystallised from methyl alcohol, 
was completed by the preparation of the picrate (Krollpfeiffer and 
Branscheid, Ber., 1923, 56, [B], 1617; Siglitz and Marx, ibid. 
1619). 

The crude methylanthrone (2 grams), dissolved in glacial acetic 
acid (10 c.c.), was nitrated under the usual conditions by the 
addition of 0-7 c.c. of concentrated nitric acid (d 1-42). Scarcely 
any solid separated, and the small amount which was obtained by 
keeping over-night was found to be anthraquinone. On diluting 
the mother-liquors with water, a pasty substance separated which 
behaved exactly like unchanged methylanthrone. No trace of 
the well-characterised methylnitroanthrone could be detected. 

Nitration of Phenylanthranyl Acetate-——When the acetate was 
nitrated under the usual conditions with concentrated nitric acid 
(d 1-42), the chief product was found to be phenylhydroxyanthrone, 
although the presence of phenylnitroanthrone was shown by the 
fact that the partly purified material sintered at 116° and liberated 
iodine from potassium iodide. By the use of fuming nitric acid 
(d 1-50), the amount of phenylnitroanthrone formed was increased. 
By repeated crystallisation from a mixture of carbon disulphide 
and light petroleum, the crude product was separated into two 
fractions, the less soluble of which contained no nitrogen and melted 
at 213—214°. The more soluble contained nitrogen, liberated 
iodine from potassium iodide, and melted at 116°. Both were 
identified by the method of mixed melting points, the former being 
phenylhydroxyanthrone and the latter phenylnitroanthrone. 

Nitration of Phenylanthranyl Methyl Hiher—When nitric acid 
(d 1-42; 0-7 c.c.) was added to the ether (5°6 grams) suspended in 
glacial acetic acid (20 c.c.), solution took place rapidly. The 
crystals that separated after a short time were washed with acetic 
acid and ether and dried in a vacuum desiccator. They melted at 
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115—116° and at the same temperature after recrystallisation from 
a mixture of carbon disulphide and light petroleum (Found: C = 
76-1; N= 4:34. C, 9H,,0,N requires C = 76-2; N = 4-44 per 
cent.). 

Phenylnitroanthrone forms colourless crystals which give a 
blood-red solution in concentrated sulphuric acid, the colour not 
being altered by the addition of a drop of nitric acid. When it is 
boiled with dilute sulphuric acid or glacial acetic acid, oxides of 
nitrogen are evolved and phenylhydroxyanthrone is produced. 
After recrystallisation from alcohol, this was identified by the method 
of mixed melting points. 

Summary. 


(i) The nitration of some anthrone and anthranol derivatives by 
nitric acid in acetic acid solution has been studied, and it has been 
shown that in every case the first action consists in the addition of 
nitric acid to the ‘“‘ bridge ” bond. 

(ii) The behaviour of 9-bromoanthrone in the Friedel and Crafts 
reaction has been studied, and it has been found that this method 
provides a convenient means for preparing 9-phenylanthrone, but 
is not of general application. 


In conclusion, the authors desire to express their thanks to ihe 
Research Fund Committee of the Chemical Society for a grant which 
has defrayed some of the expenses of this research. 
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CCCV.—The Constituents of Indian Turpentine from 
Pinus longifolia, Roxb. Part III. 


By Joun Liongt Simonsen. 


In Part I of this series (T., 1920, 117, 570) it was mentioned that 
the essential oil from the oleo-resin of P. longifolia contained in the 
high-boiling fraction a sesquiterpene for which the name d-longi- 
folene was proposed. This hydrocarbon, which was characterised 
by the preparation of crystalline derivatives with the halogen acids, 
was readily obtainable in large quantities, and it appeared of interest 
to attempt the determination of its constitution. An additional 
incentive lay in the fact that it was highly desirable to find an 
economic outlet for this oil, which at the present time forms what is 
practically a waste product of the Indian turpentine industry. 
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Recently Ruzicka and his collaborators in a series of important 
papers (Helv. Chim. Acta, 1921, 4, 503 and subsequent papers) 
have shown that a number of the sesquiterpenes are either derivatives 
of naphthalene or on dehydrogenation readily yield derivatives of 
this hydrocarbon. The suggestion that the sesquiterpenes were 
derivatives of naphthalene had been previously advanced by 
Wallach (Annalen, 1887, 239, 49) and by Semmler (Ber., 1913, 46, 
1817), whilst attention may also be directed to an interesting paper 
by Kay and Morton (T., 1914, 105, 1565), who have commenced 
synthetic experiments with the object of confirming this suggestion. 
In view of the publication of these papers, it has appeared to the 
author desirable to place on record the results so far obtained in the 
investigation of the constitution of d-longifolene. 

In his analytical experiments, Ruzicka has made extensive use 
of a process apparently first introduced by Vesterberg (Ber., 1903, 
36, 4200) for the dehydrogenation of resin acids, namely, heating 
at a high temperature with sulphur and by this method he has, for 
example, shown that the sesquiterpenes of the cadinene group yield 
a naphthalene hydrocarbon, cadalene, the constitution of which he 
has proved by an ingenious synthesis and shown to be I : 6-di- 
methyl-4-isopropylnaphthalene (Ruzicka and Seidel, Helv. Chim. 
Acta, 1922, 5, 369). 

Prior to the publication of Ruzicka’s papers, the author had 
investigated the action of sulphur on d-longifolene and on certain 
of its derivatives with completely negative results, since, although 
hydrogen sulphide was evolved in quantity, no trace of a naphtha- 
lene hydrocarbon or any other simple hydrocarbon could be isolated 
from the reaction product. It was therefore necessary to devise 
other methods for the degradation of this hydrocarbon. 

d-Longifolene was found to be extremely resistant to oxidation 
with potassium permanganate, but on treatment with chromic 
acid in acetic acid solution or with a mixture of sodium dichromate 
and sulphuric acid oxidation proceeded smoothly. The main 
product of the oxidation with chromic acid was a saturated mono- 
basic acid, C,,H,,0,, melting at 152—153°, for which the name 
longifolic acid is proposed, whilst when a mixture of sodium di- 
chromate and sulphuric acid was employed an isomeric acid, iso- 
longifolic acid, melting at 136°, resulted. With both oxidising 
agents a neutral oil was also obtained which will be referred to in 
detail below. 

Longifolic acid, which was optically inactive, was found to be 
a weak acid resembling in its properties abietic acid. It was an 
extremely stable acid and was only slowly attacked by potassium 
permanganate in alkaline solution at 100°. It dissolved in con- 


2644 SIMONSEN: THE CONSTITUENTS OF INDIAN TURPENTINE 


centrated sulphuric acid and was recovered unchanged on the 
addition of water, whilst it could be heated to 80° with fuming 
nitric acid without undergoing oxidation. Although the acid 
chloride on treatment with bromine at 50° slowly absorbed the 
bromine with evolution of hydrogen bromide, the reaction proceeded 
apparently in a complex manner and the greater part of the acid was 
isomerised, being converted into tsolongifolic acid. In _longifolic 
acid, therefore, the carboxyl group would appear to be attached 
to a tertiary carbon atom and support was lent to this view by the 
very great difficulty experienced in esterifying the acid and the slow. 
ness with which the ester underwent hydrolysis. The acid was not 
esterified by prolonged treatment with alcohol and sulphuric acid, 
although the methyl ester was readily obtained in a quantitative 
yield by the action of methyl sulphate in the presence of alkali. 

It was mentioned above that when d-longifolene was oxidised 
with a mixture of sodium dichromate and sulphuric acid, in place 
of longifolic acid an isomeric acid, isolongifolic acid, formed the 
main product of the reaction. This acid closely resembled longifolic 
acid in its properties and it was readily prepared from the latter 
acid by the action of mineral acids. The isomerisation was effected 
by the action of hydrogen bromide at 200°, by the action of con- 
centrated sulphuric acid at 140°, and by boiling with sulphuric acid 
(d 1-6). The change was never complete, and separation of the 
mixture of the two acids by fractional crystallisation afforded 
considerable difficulty; if, however, the mixture of acids was 
converted into the methyl ester, separation was readily effected, 
since the methyl ester of the iso-acid had a slightly higher boiling 
point and crystallised well, whereas the methyl ester of longifolic 
acid was an oil. No evidence has so far been obtained which has 
enabled the author to determine whether these two acids are 
structural or stereoisomerides, since it has not proved possible to 
reconvert zsolongifolic acid into longifolic acid, but it would appear 
probable that they are cis- and trans-isomerides. 

A large number of experiments have been made with the object 
of degrading longifolic acid to simpler acids in order to determine 
the nature of the ring structure present. When it was oxidised 
with potassium permanganate in alkaline solution at 100°, the 
oxidation product was a viscid, resinous oil. The greater portion 
of the oil could not be induced to crystallise and evidently consisted 
of an extremely complex mixture of acids. It was found possible 
to separate only two acids in a pure state. One of these was 
readily identified as as-dimethylsuccinic acid, whilst the second 
acid, which was obtained in very small quantity only (0-1 gram 
from 50 grams of longifolic acid), was apparently an acid of the 
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frmula C,,H,,0,. This acid, which crystallised in magnificent 
prisms melting at 242—244°, was isomeric with teresantalinic acid 
Gemmler, Ber., 1910, 43, 1896) and it would appear closely to 
semble this acid in its properties. Owing to the small yield of 
this acid, it was not possible to examine it in any detail and all 
dforts to improve the yield were unsuccessful. 

When longifolic acid was treated with nitric acid, similar oxidation 
products were obtained, an uninviting viscid oil resulting, from 
which only oxalic acid and as-dimethylsuccinic acid could be 
separated. 

Although the evidence afforded by these experiments is meagre, 
it would appear possible to devise a satisfactory formula for 
dlongifolene. The formation of a saturated monobasic acid, 
(4H..02, by the oxidation of the hydrocarbon definitely proves 
the presence of a tricyclic ring structure with an unsaturated side- 
chain and therefore the formula can be written C,,;H,,-CH:CHg. 
further, since longifolic acid yields as-dimethylsuccinic acid, the 


presence of the group ~CMe,- CH- as part of the ring structure may 
be regarded as established. 

Cogent reasons have been advanced (compare Ruzicka and Stoll, 
Helv. Chim. Acta, 1922, 5, 923) for considering all sesquiterpenes 
as built up of three isoprene molecules. With this view the author 
isin accord. According to Ruzicka and Stoll, in the case of the 
sesquiterpenes of the cadinene group the relationship is shown by 
formula I, the naphthalene hydrocarbon, cadalene, being repre- 
sented by II. The eudesmene group of sesquiterpenes is regarded 
as derived from III, yielding eudalene (IV), a methyl group being 
diminated on formation of the naphthalene ring.* 


Kay Me 
—* a mY “VY 
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(I.) (II.) (III.) : (IV.) 


It at once became obvious that it was not possible to regard 
d-longifolene as being derived from either of these “ types,” since 
they did not allow for the presence of an unsaturated side-chain 
-CH:CH,. If, however, the three isoprene molecules are considered 
to be combined as in the skeleton formula V, then it becomes 


* From the eudesmene “ type,” sesquiterpenes of the camphane group 
can be considered to be derived (loc. cit., p. 929). The dotted lines in the 
formule indicate the isoprene molecules, 
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possible to devise what would appear to be a satisfactory formula § repr 


for d-longifolene (VI). acidi 
CH CH more 
A\\ A IN 
* Lv | vite CM. - ae. i 
Poe) Mego Mal OH Meee’ OH 
¥* Pi HC” does ee ‘H. 
Mc feet, pt alee 
(v.) NY | 
C-CH:CH, C-CO,H 
(VI.) (VII.) 


In putting forward this formula for d-longifolene the fact must be 
emphasised that no definite evidence has been obtained regarding 
the nature of the ring structure present, and the formula can only A 
be regarded as tentative. In view, however, of the very great 
stability of the hydrocarbon and also of longifolic acid, for which J jp+; 
formula VII is suggested, it cannot be considered as probable that 


acid 
a cyclopropane ring is present in the molecule.* The proposed § ..,, 
constitution for longifolic acid would agree well with the ascertained § 
properties of this acid and it is clear that it would prove extremely 


difficult to obtain from it degradation products containing a simpler § yi. 
ring structure. Examination of the literature shows few cases of § 9 ,, 
the successful oxidation of tricyclic acids of the terpene group. 
Apparently the only satisfactory observation was that made by 
Buchner (Ber., 1913, 36, 767), who obtained from the condensation ( 
product of camphene and ethyl diazoacetate (VIII) cyclopropane- 


and 
1 : 1 : 2-tricarboxylic acid (IX). on 
CH,—CH—CMe, = 

CH r 
mn) | = GH, | CO,H),C< 2 x. 
athe: CH,—CH—C <4 Hy tate Gc, H (1X.) bri 
CH-CO,Et qui 
wai 
If VII be accepted as the formula of longifolic acid, the oxidation | ,., 


acid, CyyH,,0,, m. p. 244°, referred to above, would probably be | 


* It is possible, although in the author’s opinion not probable, that § °°! 
d-longifolene is represented by formula VI(a), in which case longifolic acid he: 
would have formula VII(a@) and the isomerisation to isolongifolic acid might § jt 1 
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rmula § represented by either formula X or XI. In view of the very weak 
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acidic properties of this acid, formula XI would appear to be the 
more likely representation. 
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d-Longif-1 : 2-dione. 

As was mentioned on page 2643, in addition to longifolic and 
islongifolic acids a considerable quantity of a neutral oil was 
obtained from the oxidation of d-longifolene with either chromic 
acid or sodium dichromate and sulphuric acid. When this oil was 
carefully fractionated under diminished pressure, in addition to 
wuchanged hydrocarbon, a sulphur-yellow, crystalline solid was 
separated which melted at 94—95°. Unfortunately the yield of 
this interesting substance was extremely small, rarely exceeding 
2 grams from 100 grams of the hydrocarbon, and all attempts to 


“ 


increase it were unsuccessful. It has not, therefore, proved possible 
to investigate this substance in as great a detail as was desired. 

On analysis, the substance was found to have the formula C,,H,,0, 
and since it reacted with the usual ketonic reagents yielding 
mono-derivatives, it therefore contained one carbonyl group. On 
reduction, an alcohol, C,;H,,0,, resulted, whilst on acetylating 
reduction the acetyl derivative of the aleohol was formed. From its 
bright yellow colour-—in appearance it closely resembled camphor- 
quinone—it appeared probable that the substance under examination 
was an ortho-diketone (orthoquinone), but for a long time experi- 
ments made with the object of establishing this were unsuccessful. 
It did not react with o-phenylenediamine under the ordinary 
conditions, but when the ketone was dissolved in acetic acid and 
heated for several hours with o-phenylenediamine hydrochloride, 
it was found to yield a quinowaline. There can therefore be no doubt 
that this substance is an ortho-diketone and it is proposed to call 
it d-longif-1 : 2-dione or d-longifquinone.* 

d-Longif-1 : 2-dione is a substance of considerable stability and 
has yielded a number of interesting derivatives. 


* The rotation of the ketone itself was not determined, but the alcohol 
was dextrorotatory. 
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It was shown by Holleman (Proc. K. Akad. Wetensch. Amsterdam, 
1904, 6, 715; compare Perkin, P., 1907, 23, 166) that when o-quinong 
were treated with hydrogen peroxide, especially in acetic acid 
solution, they underwent oxidation to the -corresponding dibasic 
acid. It was found that d-longif-1 : 2-dione was not attacked by 
this reagent and even after prolonged digestion on the water-bath 
the whole of the ketone was recovered unchanged. When, however, 
the quinone was treated with a mixture of nitric and sulphuric 
acids under the conditions described on page 2661, a levorotatory 
dibasic acid, C,;H,,0,, was obtained which melted at 225—227° 
and readily yielded an anhydride. For this acid the name 1-c. 
longiforic acid is proposed. Like the quinone, this acid is extremely 
stable and has so far resisted all attempts to degrade it. When 
heated with hydrogen bromide, it was converted into an isomeric 
levorotatory acid melting at 197—198°, for which the name 
1-8-longiforic acid is suggested. This acid did not yield an anhydride 
when treated with acetyl chloride and therefore it would appear to 
be the trans-form of the acid melting at 225—227°. An attempt 
was therefore made to convert the B-acid into the anhydride of the 
a-acid by treatment with acetic anhydride (see p. 2662); the @-acid 
was, however, recovered unchanged and therefore there is at present 
no experimental evidence to support the view that these two acids 
are cis- and trans-isomerides. 

The «-acid was also converted into the 8-acid, together with an 
amorphous purple substance, when the acid chloride was treated 
with bromine at 100°. The mechanism of this reaction is obscure, 
but the $-acid was doubtless formed by the action of the hydrogen 

bromide liberated. 

When the quinone was heated at 160° with an acetic acid solution 
of hydrogen bromide, a complex mixture of substances was obtained 
from which a small quantity of a keto-acid, C,;H,,05, melting at 
88—90° was separated. This acid had been formed by the simple 
addition of water to the quinone, but the acid was not, as appeared 
probable at first, an aldehyde, since it was found to be stable to 
potassium permanganate in alkaline solution. The formation 
of a keto-acid would obviously involve a molecular rearrangement 
and on considering the nature of the reaction it is of interest to note 
that Manasse and Samuel (Ber., 1897, 30, 3157; 1902, 35, 3831) 
showed that when camphorquinone was treated with concen- 
trated sulphuric acid simple addition of water took place with the 
formation of a keto-acid of the formula C,,H,,0,. This acid was 
fully characterised by the preparation of derivatives, but it would 
not appear to have been further investigated and its constitution 
has not been elucidated. In the hope of obtaining a larger yield 
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of the keto-acid, the action of sulphuric acid on d-longif-1 : 2-dione 
was tried, when it was found that the bulk of the quinone under- 
went sulphonation ; no acid was formed and only a small quantity 


C aci 

ee: of a colourless, crystalline substance decomposing at 142° was 
ed by separated. This substance has not yet been examined. It is 
r-bath § proposed to examine the action of hydrogen bromide on camphor- 
wever, quinone and also to investigate Manasse’s acid, since the determin- 
phuric § ation of the constitution of this acid may throw some light on the 
fatory g uature of the acid derived from longifquinone. 

_9977 § Results of some interest were obtained when longifquinone- 
e ].q. | monoxime was treated with benzenesulphony]l chloride in pyridine 
omely solution (compare Werner and Piguet, Ber., 1904, 37, 4295; Beck- 
When @ mann and Liesche, Ber., 1923, 56, [6], 1). The main product of 


the reaction was a beautifully crystalline substance of the formula 
CypH4gO4N. which melted at 182—183°, whilst in addition a cyano- 
dride § acid, C,;H,,0,N, was also isolated. The substance melting at 
182—183° was insoluble in cold alkali, but yielded on treatment 


ar to 
empt § With alcoholic potassium hydroxide solution the cyano-acid referred 
f the § to above and d-longifquinoneoxime. A clue to the nature of this 


substance was furnished by the work of Forster on the action of 


sent  benzenesulphonyl chloride on isonitrosocamphor in pyridine solu- 
cids @ tion (T., 1905, 87, 240). He obtained as the main product of the 
reaction an anhydride, C,,H,,0,N., a substance which he had pre- 
1 an § Viously prepared from the isomeric benzoyl derivatives of iso- 
ated nitrosocamphor (T., 1903, 83, 530; 1904, 85,907).* This anhydride 
ure, § was considered to be best represented by formula XII, since when 
gen ff heated above its melting point it yielded the anhydride (XIII), 
whilst on treatment with alcoholic potassium hydroxide solution 
‘ion § the cyano-acid (XIV) was formed. 
ned -N-O-N:C—- CN CN JCN 
cat CH <o Ko CH C,H,,CO-0-CO'C,H,, CsH,4°CO,H 
ple (XIL.) (XIIL.) (XIV.) 
we The substance C,,H,,0,N, would appear to have been formed in a 


+ somewhat similar manner, and may be regarded as the “‘ N-ester ” 
wi represented by formula XV, which would explain the formation 


ant 
C:N-CO 
ote ZV) €C.«. 3 2>C,.H 
1) ( 13 2h rt 13°"22 
n- ff of the cyano-acid and oxime on hydrolysis with alcoholic potassium 


he hydroxide solution. If this be the case, the correct formula for the 
as ff substance would be C,,H,,0,N.,H,O, the ester crystallising with 
Id * The author is much indebted to Dr. M. O. Forster, F.R.S., for directing 
mn his attention to these papers, and also for the many other valuable suggestions 
ld he has made during the progress of this research. 
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one molecule of water of crystallisation. Evidence in support of 
this was obtained, for when the ester was dried at 120° loss of weight 
took place and the resulting product gave analytical figures agreeing 
fairly closely with those required for the anhydrous substance 
C39 H,,05No. 

The cyano-acid was extremely resistant to hydrolytic agents and 
could not be converted into the corresponding dibasic acid, but 
from its method of formation it was doubtless the half nitrile of 

longiforic acid. 

It now remains to consider the constitution which should be 
accorded to the quinone. Owing to the limited quantity of material 
available and the great stability of all the substances which have 
been prepared, it has not proved possible to separate products 

| throwing any light on the nature of the ring structures present and 
therefore the following formule are suggested with reserve. It has 
been assumed that longifquinone is formed from longifolene, for 
which the constitution represented by formula VI has been sug. 
gested, but the possibility cannot be ignored, in view of the small 
yield of the product, that it may originate from a small amount of 
an isomeric terpene present in the oil. 

In the formation of the quinone, fission of one of the rings present 
in the terpene must have taken place, since both the terpene and 
the quinone are tricyclic. It would appear to be most probable 
that it is the cyclobutane ring which has undergone disruption with 
formation of an intermediate substance represented by formula 
XVI. This substance in the presence of water could then undergo 
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gndensation, yielding either XVII or XVIII, which on oxidation 
yould give the quinones represented by formule XIX and XX. If 
these formule be examined on the models, it will be observed that 
XX involves a very strained ring structure, whilst XIX is com- 

atively free from strain and in addition the carbon atoms (1) 
and (2) (XVI) are in close juxtaposition to one another. It may 
bgitimately be urged against formula XIX that it contains the very 
unusual structure of a cyclobutane-1 : 2-dione. So far as the author 
is aware, 1 : 2-diketones of the cyclobutane series have not been 
prepared ; on the other hand, the 1 : 3-diketones are readily formed 
as polymerisation products of the ketens (Staudinger, ‘‘ Die Ketene,” 
p. 46), and some of these have been shown to be substances of very 
sducts considerable stability. From our knowledge of the properties of 
it and the cyclobutane ring it is likely that cyclobutane-1 : 2-diones of the 
It has general formula XXI would be stable when once formed. 

The observed properties of the quinone would be satisfactorily 
accounted for by formula XIX and the non-reactivity of one of 
the keto-groups (3, XIX) is explained by its attachment to a 
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int of @ tertiary carbon atom. Accepting formula XIX for the quinone, 
the alcohol formed on reduction would be represented by XXII and 
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OH It is hoped that the further experiments which are in progress 
| may throw light on the constitution of this interesting sesquiterpene. 


EXPERIMENTAL. 


Although longifolene is an unsaturated hydrocarbon, it is extemely 
resistant to oxidation with potassium permanganate. Even when 
heated on the water-bath with excess of an alkaline solution of this 
reagent for some days, nearly the whole of the hydrocarbon was 
recovered unchanged, whilst no better results were obtained when 
acetone was used as a solvent. The hydrocarbon reacted vigorously 
with nitric acid, the reaction tending to proceed with explosive 
violence, but although various strengths of acid were employed, it 
was not found possible to separate any homogeneous products. 
Much more satisfactory results were obtained when either chromic 
acid in acetic acid solution or a mixture of sodium dichromate and 
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sulphuric acid was allowed to react with the hydrocarbon. Since 
the products formed were different, both methods of oxidation are 
described below. 


I. Oxidation of d-Longifolene with Chromic Acid. Longifolic Acid, 
C,H 0p. 

To the hydrocarbon * (100 grams), mixed with acetic acid (500 
c.c.), chromic acid (200 grams) dissolved in water (200 c.c.) was 
gradually added. The oxidation proceeded with considerable 
evolution of heat and it was found desirable to cool the mixture 
from time to time, care being taken, however, that the oxidation 
did not cease, as otherwise the yield was impaired. During the 
early stages of the oxidation a viscid, red oil separated, and re. 
dissolved as the reaction proceeded. When all the chromic acid 
solution had been added, the reaction mixture was heated on the 
water-bath, the clear green solution obtained was cooled, water 
(1 litre) added, and the oil which separated extracted with ether. 
The extract was well washed with water and evaporated, and the 
residual viscid green oil was digested with an excess of sodium 
hydroxide solution, filtered, and once more extracted with ether. 
During the extraction three layers formed, an ether layer sur. 
mounting a deep brown solution of the sodium salts of the oxidation 
acids and below this a clear aqueous solution. The two lower 
layers were drawn off, and the yellow, ethereal solution was shaken 
repeatedly with sodium hydroxide solution and water to remove 
all traces of acids (the washing was continued until the aqueous 
solution no longer became turbid on acidification), dried over 
potassium carbonate, and evaporated, when a pale yellow oil 
remained the investigation of which is described on p. 2659. 

The combined alkaline extracts were acidified, when a viscid, 
brown oil separated which slowly partly crystallised. The oil was 
taken up with ether, the ether dried and evaporated, and the 
brown, semi-solid residue (70—80 grams) was mixed with an equal 
weight of hot formic acid (d 1-22) and kept for some days in the 
ice-chest, when the greater part of the acid separated as a hard, 
colourless, crystalline cake.f This, after draining on porous 
porcelain, melted somewhat indefinitely, softening at 133° and melt- 
ing at 141—143°. The acid was purified by repeated crystallisation 
from either alcohol (90 per cent.) or light petroleum, in both of which 


* All the d-longifolene used in the experiments described was purified 
by distillation over sodium under diminished pressure. 

ft The formic acid filtrate yielded on evaporation an oily mixture of longi- 
folic acid, longif-1 : 2-dione, and liquid acids which have not up to the 
present been examined. : 


FROM PINUS LONGIFOLIA, ROXB. PART III. 2653 


solvents it was so very readily soluble that purification was attended 
with considerable loss of material. 

Longifolic acid was ultimately obtained in large, glistening 
prisms which softened at 149° and melted at 152—153° (Found : 
C=756; H=99. C,,H,.0, requires C = 75-6; H = 10-0 per 
cent.). The acid, which was optically inactive, was quite insoluble 
in water, but extremely readily soluble in all the ordinary organic 
media with the exception of formic acid, in which it was very 
sparingly soluble even on boiling. When titrated in alcoholic solution 
with a standard alcoholic solution of potassium hydroxide, 0-12 
gram neutralised 0-00297 gram of the alkali, whereas a monobasic 
acid of the formula C,,H,.0, should neutralise 0-00303 gram. In 
small quantities, longifolic acid distilled unchanged at the ordinary 
pressure ; it boiled at about 234°/55 mm. In its general properties, 
longifolic acid resembled the higher fatty acids and abietic acid. It 
was a weak acid and could readily be extracted by ether from an 
aqueous solution of its salts, that property rendering its separation 
from neutral products very tedious. When it was mixed with 
sodium hydroxide solution, an oily sparingly soluble sodium salt 
separated which could not be obtained crystalline. The calcium, 
barium, copper, and lead salts were obtained as sparingly soluble, 
amorphous solids, whilst the silver salt separated from a faintly 
alkaline solution of the ammonium salt in alcohol as a caseous, 
white precipitate (Found: Ag = 32-7. C,,H,,O,Ag requires 
Ag = 32-8 per cent.). 

An alkaline solution of longifolic acid was stable to potassium 
permanganate in the cold, but the warm solution was slowly 
oxidised; in acid solution, no action took place even on boiling. 
In chloroform solution, it did not absorb bromine and all attempts 
to obtain bromo-derivatives by the action of bromine on the acid 
chloride were unsuccessful. The great stability of the acid was 
shown by the fact that after fusion with potassium hydroxide at 
300° for half an hour it was recovered unchanged. It could be 
recrystallised from nitric acid (d 1-4) and was only slowly oxidised 
by this acid at 100°. In concentrated sulphuric acid, longifolic 
acid dissolved, yielding a colourless solution from which the acid was 
precipitated unchanged on the addition of water. 

Methyl Longifolate——This ester was readily obtained in a quanti- 
tative yield when the sodium salt of the acid was treated with 
methyl sulphate. It was a colourless, mobile oil which distilled at 
170—173°/14 mm. and did not crystallise when cooled to —15° 
(Found: C=766; H= 10-2. C,,H,,0, requires C = 763; 
H = 10-2 per cent.). 


VOL. CXXIII. 4U 


2654 SIMONSEN: THE CONSTITUENTS OF INDIAN TURPENTINE 


II. Oxidation of d-Longifolene with Sodium Dichromate and Sulphuric 
Acid. isoLongifolic Acid. 

In carrying out this oxidation, the following method was found 
to yield the most satisfactory results. The terpene (100 grams), 
mixed with acetic acid (500 c.c.), was treated with sodium dichromate 
(298 grams) in water (700 c.c.), and sulphuric acid (196 c.c.) gradually 
added. During the earlier stages of the oxidation the temperature 
was kept at about 50° by cooling, but towards the end of the 
reaction the mixture was heated on the water-bath until a clear 
green solution was obtained. Water (800 c.c.) was then added and 
after remaining over-night a mass of crystals permeated with a 
viscid oil had separated. The oxidation product was worked up as 
described above (p. 2652) and the resulting acid after crystallisation 
from formic acid melted at 110—130°. 

The purification of the acid mixture was best carried out by 
means of the methyl ester, which was readily obtained by treatment 
of the sodium salt with methyl sulphate. The ester distilled between 
174—185°/25 mm. and three fractions, 174—177°, 177—180°, and 
180—185°, were taken. On keeping for some days in a cool place, 
the latter two fractions gradually crystallised in fine needles. These 
were collected and the liquid ester refractionated, when a further 
quantity of the solid ester was obtained.* 

Methyl isolongifolate crystallised from methyl alcohol in long, 
thin, colourless prisms which melted at 54—55° (Found : C = 76:7; 
H=105. C,;H,,0, requires C = 76-3; H = 10:2 per cent.). 

isoLongifolic acid was obtained when the crystalline ester was 
hydrolysed with alcoholic potassium hydroxide solution. The 
hydrolysis took place extremely slowly and at least twelve hours’ 
boiling on the water-bath was required for its completion.t 

isoLongifolic acid crystallised from acetic acid in glistening. 
prismatic needles which melted at 136° (Found: C= 75-6; H= 
10-1. C,,H,.O, requires C= 75-6; H=10-0 per cent.). On 
titration with standard potassium hydroxide solution, 0-1465 gram 
neutralised 0-00365 gram KOH, whereas this amount of a monobasic 
acid of the formula C,,H,.0, should neutralise 0-00369 gram. 

In its general properties, isolongifolic acid was indistinguishable 
from longifolic acid except that it was somewhat more sparingly 
soluble in the ordinary organic media. When mixed in equimole- 
cular proportions, the acids are deposited from solvents as an oil 


* From the liquid ester nearly pure longifolic acid was obtained on 
hydrolysis. 

+t Methyl longifolate is hydrolysed less readily than methyl isolongifolate, 
and it is probable that this property might be used for the separation of 4 
mixture of these acids. 
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and the separation by crystallisation of a mixture of the two acids 
affords considerable difficulty. 


Reduction of Methyl isoLongifolate. isoLongifolol, Cy4H.,0. 

In one experiment, the methyl ester (10 grams), dissolved in 
alcohol (50 c.c.), was gradually added to sodium (20 grams), the 
flask being kept on a boiling water-bath. When all the sodium 
had passed into solution (a further quantity of alcohol being added 
if necessary), the reduction product was poured into water and the 
alcohol isolated by means of ether in the usual manner. On removal 
of the ether, isolongifolol remained as a crystalline solid (yield 6 
grams). It separated from light petroleum, in which it was some- 
what sparingly soluble in the cold, in silky needles which melted 
at 112—114° (Found: C= 81:0; H=11-7. C©,,H,,0 requires 
C = 80:8; H = 11-5 per cent.). 

The phenylurethane, which was prepared by heating the alcohol 
with the calculated quantity of phenylcarbimide in light petroleum 
solution, separated on evaporation of the solvent as an extremely 
viscid oil, which after standing for some weeks crystallised. It was 
purified by recrystallisation from dilute methyl alcohol, from which 
it was obtained in fine needles melting at 91—92°. It was extremely 
readily soluble in all the ordinary solvents (Found: N = 4-6. 
C.;H_,30,N requires N = 4-2 per cent.). 

The methyl xanthate could not be obtained crystalline and all 
attempts to convert it into the hydrocarbon by distillation were 
unsuccessful. 

isoLongifolaldehyde, C,,H»5.0. 

A solution of the alcohol (9-2 grams) in benzene (80 c.c.) was 
gradually treated with a mixture of potassium dichromate (7-4 
grams), sulphuric acid (9-2 grams), and water (100 c.c.). Oxidation 
proceeded slowly and was completed by warming on the water- 
bath. On distillation in steam after the benzene had passed over, 
a small quantity of a pale yellow oil distilled. This was collected 
separately, extracted with ether, and, after removal of the solvent, 
distilled under diminished pressure, when the whole passed over at 
about 170°/35 mm. (yield 2 grams). Owing to the small quantity 
of material available, it could not be further purified and therefore 
it was converted into the semicarbazone, which crystallised from 
alcohol in rosettes of glistening needles decomposing at 210° 
(Found: C= 686; H=9-7. C,;H,,;ON,; requires C = 68-4; 
H = 9-5 per cent.). 

The residue remaining in the flask after the steam distillation of 
the aldehyde yielded isolongifolic acid melting at 136° (yield 4-1 


grams). 
4u2 
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Conversion of Longifolic Acid into isoLongifolic Acid. 

On treatment with mineral acids, longifolic acid was converted 
into isolongifolic acid. The following method was found to be the 
most convenient. A mixture of longifolic acid (5 grams) with 
hydrogen bromide dissolved in acetic acid (saturated at 0°; 15 
grams) was heated in a sealed tube at 200° for four hours. On the 
addition of water, a viscid oil separated which rapidly became pasty. 
The aqueous solution was decanted and the semi-solid residue 
dissolved in hot formic acid, when, on keeping, a crystalline acid was 
slowly deposited. This was purified by repeated crystallisation 
from acetic acid, when pure isolongifolic acid was ultimately 
obtained melting at 136°. The identity of the acid was confirmed 
by the method of mixed melting point and by analysis (Found : 
C= 756; H= 10-1. Cale., C= 75-6; H = 10-0 per cent.). 

tsoLongifolic acid was also formed when longifolic acid was 
heated with concentrated sulphuric acid at 130° for a short time 
or boiled with sulphuric acid (d 1-6). Considerable carbonisation 
took place during these experiments and therefore the process was 
not suitable for the preparation of the acid. 


Longifolamide. 

A mixture of longifolic acid (15 grams), dissolved in benzene 
(150 c.c.), and phosphorus pentachloride (15 grams) was heated on 
the water-bath for half an hour. The cooled reaction mixture was 
saturated with dry ammonia and kept for some hours, ammonia 
being passed into the liquid from time to time. After remaining 
over-night, water was added and the benzene was separated and 
repeatedly washed with dilute sodium hydroxide solution to remove 
unchanged acid, dried, and evaporated, when a viscid oil remained 
which on trituration with light petroleum crystallised. The amide 
was collected, drained on porous porcelain to remove a little adherent 
oil, and purified by crystallisation from light petroleum. The yield 
was very poor and a considerable quantity of acid was recovered. 

Longifolamide crystallised in rosettes of glistening needles which 
melted sharply at 133° (Found: N=6-4. C,,H,,ON requires 
N = 6:3 per cent.). In view of the low melting point of the amide 
it appeared probable that it was a mixture of the amides of longifolic 
and isolongifolic acids. Attempts to separate these by fractional 
crystallisation were unsuccessful, but that the amide was a mixture 
was confirmed by the fact that on hydrolysis by the Bouveault 
method a mixture of longifolic and isolongifolic acids resulted. A 
small quantity of the amide recovered from the hydrolysis had the 
original melting point, and therefore preferential hydrolysis had 
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not taken place. An attempt to convert the amide into the amine 
by the Hoffmann reaction was unsuccessful, the greater portion 
of the amide being recovered unchanged. 

From longifolamide a wrethane was obtained by Jeffreys’s 
method (Amer. Chem. J., 1899, 22, 14). The amide (5 grams), 
dissolved in methyl alcohol (15 c.c.), was cooled in a freezing 
mixture, sodium methoxide (methyl alcohol 25 c.c.; sodium 1-04 
grams) added, and the mixture treated immediately with bromine 
(3-62 grams). After warming on the water-bath for ten minutes, 
the solution was neutralised with acetic acid and the alcohol 
removed, when a viscid oil remained. This was taken up 
with ether, the ether dried and evaporated, and the residual oil 
distilled under diminished pressure (46 mm.), when the greater 
portion passed over at 223—225°. The urethane was an ex- 
tremely viscid oil which, after keeping for some months, solidified. 
It was excessively soluble in all organic solvents and could not be 
recrystallised. It melted somewhat indefinitely at about 60°, a 
value which is subject to revision, since the substance was evidently 
not quite pure (Found: N= 5-3. C,;H,;0,N requires N = 5-6 
per cent.). 

isoLongifolanilide.—isoLongifolic acid (1 gram) was treated with 
a slight excess of phosphorus trichloride at 30°. When the reaction 
was complete the excess of the trichloride was removed in a vacuum, 
and the residual oil was dissolved in benzene, decanted from the 
phosphorous acid, and mixed with a slight excess of aniline in 
benzene solution. After remaining over-night, the solvent was 
removed and the residual solid triturated with dilute hydrochloric 
acid and collected. It was purified by crystallisation from benzene, 
in which it was only sparingly soluble in the cold, when isolongi- 
folanilide separated in fine needles which melted at 197° (Found: 
N=4-9. C,)H,,ON requires N = 4:7 per cent.). 

When longifolic acid was subjected to the same series of reactions, 
an anilide was obtained which melted at about 120°. Fractional 
crystallisation resulted in the separation of a small quantity of the 
pure anilide of isolongifolic acid melting at 197°, but all attempts to 
separate the anilide of longifolic acid in a pure state were unsuccess- 
ful, the two anilides forming apparently a eutectic mixture. 


Oxidation of Longifolic Acid with Potassium Permanganate. 


A large number of experiments were made with the object of 
devising a satisfactory method for the oxidation of longifolic acid 
with potassium permanganate. As has already been mentioned, 
the main product of the oxidation was in all cases a viscid, uninviting 
resinous oil which could not be induced to crystallise and from which 
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crystalline derivatives could not be obtained on treatment with a 
variety of reagents. A brief account is given of the separation of 
as-dimethylsuccinic acid and of the crystalline acid of the formula 
C19 Hj40.. 

In one experiment, a solution of longifolic acid (25 grams) in 
aqueous sodium carbonate (10 grams Na,CO,) was heated on the 
water-bath and potassium permanganate solution (5 per cent. 
KMn0O,) gradually added. The oxidation, which proceeded fairly 
rapidly at first, became very slow after the addition of about half 
of the permanganate solution, and at least twelve hours were 
required for its completion. The manganese dioxide was separated 
and the clear golden-yellow solution concentrated to a small bulk 
on the water-bath. On acidification, a viscid oil separated, which 
was taken up with ether, the ether dried and evaporated (yield 
25 grams). The brown resinous acid, which on cooling in a freezing 
mixture set to the consistency of colophony and was somewhat 
hygroscopic, was dissolved in excess of ammonia, and the solution, 
filtered from a little insoluble oil, was concentrated on the water. 
bath. A crystalline solid was slowly deposited and after remaining 
over-night in the ice-chest was collected (yield 0-05 gram). The 
acid was purified by repeated crystallisation from acetic acid, from 
which solvent it was obtained in large, striated, iridescent prisms 
which melted at 244° (Found: C = 72-5, 72-4; H = 8-2, 8-5. 
C1 9H,,0. requires C = 72:3; H = 8-4 per cent.). This acid, the 
constitution of which is discussed on p. 2646, was found to be a 
very weak acid, being readily deposited from an aqueous solution 
of the ammonium salt on warming. It was insoluble in water, 
very sparingly soluble in ether or benzene, and more readily so in 
ethyl acetate or acetic acid. It did not yield any characteristic 
salts. 

The ammoniacal solution from which this acid had been separated 
was acidified and the recovered acid converted into the ethyl ester 
by treatment with alcohol and sulphuric acid in the usual manner. 
On fractionation of the ester under diminished pressure (29 mm.), 
after a small fraction had passed over below 200°, the remainder of 
the oil distilled irregularly between 200—270°, yielding no homo- 
geneous fraction. 

The fraction which boiled below 200° had a pleasant fruity odour. 
It was hydrolysed with alcoholic potassium hydroxide solution, 
and the resulting acid, which was extracted with ether, crystallised 
completely on removal of the solvent. It was purified by conversion 
into the sparingly soluble calcium salt, which separated from the 
boiling solution. After crystallisation from benzene, the acid 
melted sharply at 139—140° and was identified as as-dimethy]l- 
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succinic acid by analysis (Found: C= 489; H=69. Calc., 
¢= 49-3; H = 6-9 per cent.) and by the preparation of the anilic 
acid melting at 189—190° and the anil melting at 85—87° (compare 
Perkin, T., 1898, 73, 842). The filtrate from which the sparingly 


‘soluble salt of as-dimethylsuccinic acid had been separated 


yielded a small quantity of an acid which melted at about 127°, 
but it was not obtained in sufficient quantity for purification. 


d-Longif-1 : 2-dione (Longifquinone), Cy;H 0b. 

The ether extract containing the neutral oil from the oxidation of 
longifolene (see p. 2652) was well washed with sodium hydroxide 
solution to remove all traces of acid and with water and dried over 
potassium carbonate. The pale yellow viscid oil remaining after 
the removal of the ether was repeatedly distilled under diminished 
pressure (43 mm.), when ultimately two main fractions resulted, 
boiling at 140—160° and 210—240°. The first fraction consisted 
essentially of unchanged hydrocarbon, whilst the second, which was 
sulphur-yellow in colour and exhibited a strong greenish-yellow 
fluorescence when viewed in a thin film, partly crystallised on keep- 
ing. ‘The solid was collected, drained on porous porcelain, and 
recrystallised from alcohol, when the quinone separated in sulphur- 
yellow needles which melted at 93—94°. If a dilute alcoholic 
solution of the quinone was allowed to evaporate slowly, the quinone 
was obtained in massive rhombohedra (Found: C = 76-8, 77-1; 
H = 9-5, 9-7. C,;H..O, requires C = 76-9; H = 9-4 per cent.). 

d-Longif-1 : 2-dione was readily soluble in all the ordinary organic 
media with the exception of alcohol, in which it was somewhat 
sparingly soluble in the cold. It was quite insoluble in water or in 
alkalis. In small quantities it distilled unchanged at the ordinary 
pressure. It dissolved in nitric acid (d 1-4) and was precipitated 
unchanged on the addition of water. It was not attacked by 
potassium permanganate solution in either acid or alkaline solution 
even on boiling, and it did not react with bromine at the ordinary 
temperature. As has already been mentioned, it was not oxidised 
by hydrogen peroxide when heated with this reagent in acetic acid 
solution. It did not react with benzaldehyde or piperonal in alkaline 
solution nor with amy] nitrite in acid solution. 

The monosemicarbazone, prepared in the usual manner, crystallised 
from dilute acetic acid in rosettes of very pale yellow needles which 
softened at 188° and decomposed at 214—216° (Found: N = 14-6. 
C,g¢H,;0,N, requires N = 14-6 per cent.). An examination of the 
mother-liquor from which the semicarbazone had been separated 
indicated the presence of a second semicarbazone which has not up 
to the present been investigated. 
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The monophenylhydrazone was precipitated as a sparingly soluble, 
yellow, crystalline powder when the quinone was warmed on the 
water-bath with a solution of phenylhydrazine in acetic acid. [t 
crystallised from alcohol in thin, iridescent plates which melted at 
129—130° (Found: C=775; H=8&4; N=9-l. C,,H;,ON, 
requires C = 77°8; H = 8-6; N = 86 per cent.). 

The mono-p-bromophenylhydrazone crystallised from acetic acid 
in long, yellow, prismatic needles which melted at 159° (Found: 
Br = 20-0. C,,H,,ON,Br requires Br = 19-9 per cent.). 

The monoxime was obtained in quantitative yield when the 
quinone was heated on the water-bath in alcoholic solution with a 
slight excess of hydroxylamine hydrochloride for some hours. It 
was purified by crystallisation from light petroleum, in which it 
was only sparingly soluble, when it was obtained in rosettes of 
needles which decomposed at 226—227° (Found: C= 72-4; 
H=92; N=5-7. C,;H,,0,N requires C= 72:3; H=9-2; 
N = 5-6 per cent.). A careful examination of the mother-liquors 
from which the oxime had been separated revealed the presence of 
a second oxime, which melted at about 180°. The quantity obtained 
was too small for further investigation. 

The monoxime dissolved in dilute sodium hydroxide solution, 
yielding a yellow solution from which it was precipitated by carbon 
dioxide. It was insoluble in mineral acids and its alcoholic solution 
gave no colour with ferric chloride. In alcoholic solution it was 
strongly dextrorotatory, [«]} -+- 121-3° being observed. 

The acetyl derivative crystallised from methyl alcohol in thin 
prisms melting at 127°. 

Action of o-Phenylenediamine on d-Longif-1 : 2-dione. 

The quinone was found to react very tardily with o-phenylene- 
diamine. In one experiment, the quinone was dissolved in acetic 
acid and boiled for four hours with an excess of o-phenylenediamine 
hydrochloride. When the solution was cooled and poured into 
water, an oil separated which rapidly crystallised. The solid was 
collected and purified by crystallisation from methy] alcohol, being 
obtained in colourless, glistening needles which melted at 134°. 
The guinoxaline derivative of the quinone was insoluble in alkalis, 
but dissolved in concentrated hydrochloric acid, yielding a yellow 
solution, and was reprecipitated on dilution with water (Found: 
C = 82:7; H= 8-8. C,,H,,N. requires C = 82-3; H = 8-5 per cent.). 


Reduction of d-Longif-1 :2-dione. d-Longif-1-ol-2-one. 


When zinc dust was gradually added to the boiling solution of 
the quinone (1 gram) in acetic acid (25 c.c.), the yellow colour dis- 
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appeared, and on heating for fifteen minutes a colourless solution 
was obtained. After filtering from unchanged zinc dust, the acetic 
acid solution was diluted with water, when d-longif-1-ol-2-one 
slowly crystallised in colourless needles. After crystallisation from 
dilute alcohol, it melted at 115—117° (Found : C = 76-7; H = 10-2. 
(5H, requires C= 76:5; H = 10-2 per cent.). In alcoholic 
solution, [«]j’ + 100-8° was observed. 

The alcohol was found to be very readily soluble in all the ordinary 

organic solvents and quite insoluble in water. Both in solution and 
in the dry state it was very readily oxidised by the air with regenera- 
tio of the quinone. In alcoholic solution it gave no colour with 
ferric chloride. In dry chloroform solution it was not attacked by 
bromine, but in presence of moisture oxidation to the quinone took 
place. 
The same product was also formed when the quinone was reduced 
with zinc dust in alcoholic ammonia solution or by sodium in amy]l- 
alcoholic solution. It was not found possible to reduce the second 
keto-group. 

When boiled with acetic anhydride, the alcohol was readily 
acetylated with formation of d-acetyl-longif-1-ol-2-one. This 
substance was, however, much more readily prepared by the 
reduction of the quinone with zinc dust in the presence of acetic 
anhydride. The acetyl derivative crystallised from either dilute 
acetic acid or dilute alcohol in colourless prisms which melted at 
9—91° (Found : C = 73:0; H= 9-7. C,,H,,0, requires C = 73-4; 
H = 9-3 per cent.). 

l-«-Longiforic Acid. 

The quinone was readily oxidised by a mixture of nitric and 
sulphuric acids. In one experiment, the quinone (8 grams) was - 
added gradually to a mixture of nitric acid (d 14; 10 c.c.) and 
sulphuric acid (d 1:84; 2 c.c.); the ketone rapidly passed into 
solution, the temperature being kept at about 10° by cooling in ice. 
The clear yellow solution was kept for about thirty minutes and 
then poured on to ice, when a caseous, white, crystalline precipitate 
separated. This was collected, well washed with water, and dis- 
solved in an excess of barium hydroxide solution, when a small 
quantity of a sparingly soluble red barium salt remained undis- 
solved. This was removed, the clear filtrate acidified, and the 
acid collected and recrystallised from ethyl acetate, from which it 
separated in glistening, iridescent rhombohedra (Found: C = 67-1, 
66-9; H = 8-8, 9-2. C,;H,,0, requires C = 67:1; H = 8-9 per 
cent.). In alcoholic solution, [«]i —23-47°. 

l-x-Longiforic acid sintered at 217° and melted with slight decom- 


position at 225—227°. It was very readily soluble in methyl or 
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ethyl alcohol, acetone, or acetic acid, somewhat readily soluble jy 
hot ethyl acetate, but very sparingly soluble in other solvents, 
Its alkaline solution was stable to potassium permanganate, and 
in acetic acid solution it did not absorb bromine, nor was it attacked 
by chromic acid in the same solvent even in boiling solution. 

When the acid was heated on the water-bath with acetyl chloride 
for a short time and the excess of acetyl chloride removed under 
diminished pressure, a viscid oil remained which on keeping slowly 
crystallised in fine needles. Owing to its excessive solubility in all 
solvents, attempts to purify this substance were unsuccessful, 
but there can be little doubt that it was the anhydride of the acid, 
It was insoluble in cold alkalis, but on boiling with water it was 
reconverted into |-«-longiforic acid. On treatment of the anhydride 
with aniline in benzene solution the anilic acid was obtained as an 
amorphous, white powder which could not be obtained crystalline. 

The methyl ester, prepared from the silver salt by treatment with 
methyl iodide in the usual manner, crystallised from alcohol in 
bayonet-shaped needles which melted at 94—95° (Found : C = 69-0; 
H = 9-6. (C,,H,,0, requires C = 68-9; H = 9-5 per cent.). 


Action of Hydrogen Bromide on |-«-Longiforic Acid. 1-8-Longiforic 
Acid. 

The «-acid (1 gram) was mixed with a solution of hydrogen 
bromide in acetic acid (saturated at 0°, 5 c.c.) and heated in a sealed 
tube at 140° for three hours. The clear brown solution was poured 
into water, when an acid rapidly crystallised. It was purified by 
recrystallisation from dilute alcohol, when it was obtained in well- 
formed, prismatic needles (Found: C = 67-1; H = 8-5. C,;H,,0, 
- requires C = 67-1; H= 8-9 per cent.). In alcoholic solution, it 
was levorotatory, [«]} —49-3°. 

]-8-Longiforic acid melted at 197—198°, sintering slightly below 
this temperature. It was very readily soluble in the ordinary 
organic solvents with the exception of cold formic acid, in which it 
was very sparingly soluble. The calcium salt, which was amorphous, 
was characterised by the fact that it was readily soluble in cold 
water, but only sparingly soluble in hot. 

On titration with standard alkali, 0-1652 gram neutralised 7°8 c.¢. 
of a standard solution of potassium hydroxide, whereas a dibasic 
acid, C,;H,,0,, should neutralise 7-7 c.c. 

Unlike the «-acid, 1-8-longiforic acid did not yield an anhydride 
when treated with acetyl chloride. An attempt was made to 
reconvert it into the «-acid by treatment with acetic anhydride, 
but the acid was recovered unchanged after having been heated with 
this reagent for six hours at 220° in a sealed tube. 
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Like the «-acid, the B-acid was stable to potassium permanganate 
in alkaline solution and in chloroform solution it did not absorb 
bromine. The methyl ester, prepared from the silver salt, was a 
viscid oil which was not further examined. 


Action of Bromine on 1|-«-Longiforic Acid. 


In one experiment, the acid (1-6 grams) was mixed with phosphorus 
pentachloride (2-7 grams) and after the formation of the acid chloride 
was complete, bromine (2 grams) was added and the mixture 
heated in a sealed tube at 100°. The bromine rapidly disappeared 
and after two hours the cooled bromination product was poured 
into formic acid. A deep purple solution resulted and after warm- 
ing on the water-bath until the acid chloride was completely decom- 
posed the solution was kept over-night, when a hard, black, crystal- 
line cake had separated. This was collected, ground up with dilute 
sodium carbonate solution, and the deep purple solid which remained 
undissolved was removed. On acidification, the colourless alkaline 
solution deposited a caseous, white precipitate, which after drying 
on porous porcelain melted at 196°. It was recrystallised from 
formic acid, when it melted at 197—198° and was identified as 
l.8-longiforic acid. The purple solid which was insoluble in alkali 
could not be obtained crystalline and was not further examined. 


Action of Hydrogen Bromide on d-Longif-1 : 2-dione. 


The quinone (5 grams) was mixed with an acetic acid solution of 
hydrogen bromide (saturated at 0°; 15 c.c.) and heated in a sealed 
tube at 160° for ten hours. The pale brown solution was evaporated 
on the water-bath to remove the volatile acids, when a viscid, 
brown oil remained. The oil was dissolved in ether and the ethereal 
extract well washed with sodium carbonate solution, dried, and 
evaporated. The residual oil, which could not be induced to 
crystallise, was a mixture of unattacked quinone, which was identified 
by its characteristic phenylhydrazone, and a substance containing 
bromine. The latter substance could not be obtained pure. 

On acidification, the alkaline solution deposited a brown oil; 
this was taken up with ether, the ether dried and evaporated, and 
the residual oil dissolved in ammonia. On treatment of the boiling, 
faintly alkaline solution with calcium chloride, a sparingly soluble, 
resinous, brown calcium salt separated. This was removed and, 
on standing, the filtrate deposited a colourless, crystalline calcium 
salt (yield 1 gram). On decomposition of the crystalline calcium 
salt with hydrochloric acid, an oily acid separated which slowly 
crystallised. The purification of the acid was attended with con- 


siderable difficulty owing to its ready solubility in solvents and its 
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tendency to be deposited as an oil. The following method was 
ultimately adopted, although not altogether satisfactory and in. 
volving considerable loss of material. 

After draining on porous porcelain, the crude acid, which con. 
tained a viscid, oily impurity, was dissolved in dry ether and the 
solution allowed to evaporate slowly, when the acid crystallised in 
glistening prisms which were, however, still contaminated with a 
trace of oil. After two further crystallisations from ether, the acid 
was finally twice recrystallised from dilute acetic acid, when it was 
obtained in prisms melting at 88—90° (Found: C = 71-6, 71:3; 
H = 9-7, 9-7. C,;H,O, requires C = 71-4; H = 9-5 per cent.), 
This new acid, which was quite stable to potassium permanganate 
in alkaline solution, reacted readily with semicarbazide acetate to 
yield a semicarbazone which decomposed at about 207°. Owing to 
the very small quantity of material available, it could not be further 
investigated.* 


Action of Benzenesulphonyl Chloride on d-Longif-1 : 2-dione- 
monoxime. 


In one experiment, the oxime (7:3 grams) was dissolved in pure 
dry pyridine (25 c.c.) and to the solution benzenesulphony] chloride 
(7-3 grams) was added all at once. The reaction mixture became 
warm and the colour slowly changed from brown to purple. After 
thirty minutes, a further quantity of pyridine (25 c.c.) was added 
to the mixture, which was then heated for one hour on the water- 
bath, the purple colour disappearing and a dirty brown solution 
being obtained. The cooled liquid was poured into dilute sulphuric 
acid (25 per cent.; 200 c.c.), when a viscid, reddish-brown oil 
separated. The clear acid solution was decanted, and the oil 
extracted with ether, when a crystalline solid (A) remained un- 
dissolved (yield 6 grams). 

The ether, which was deep red in colour, was evaporated and the 


* In view of the possible relationship of this keto-acid to the keto-acid, 
Ci9H,,03, prepared by Manasse (loc. cit.) (see p. 2648) from camphorquinone, 
the action of sulphuric acid on d-longif-1:2-dione was investigated, since 
it was hoped that the above-mentioned keto-acid might be obtained in a 
better yield. At the ordinary temperature, the quinone dissolved in sulphuric 
acid, yielding a yellow solution, which became red on keeping and on pouring 
into water deposited a purple solid. When the reaction was allowed to 
proceed at 0° and the acid solution was poured on to ice, a pink solution 
resulted from which a small quantity of a neutral colourless solid separated. 
This crystallised from alcohol in serrated prisms melting at 142° with vigorous 
evolution of gas. The amount obtained was too small for analysis. The 
greater part of the quinone appeared to be sulphonated and no trace of the 
keto-acid melting at 88—90° was formed. 
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residuel red of triturated with dilute potassium hydroxide solution, 
the portion remaining undissolved being added to A. The alkaline 
filtrate was saturated with carbon dioxide, when a small quantity 
of a colourless solid separated which was identified as unattacked 
oxime. 

On acidification of the potassium carbonate solution a crystalline 
acid separated. This was collected and recrystallised from a 
mixture of benzene and light petroleum, when it was obtained in 
glistening leaflets which melted at 127° and was identified as the 
cyano-acid described below. 

The main product of the reaction (A) was purified by repeated 
crystallisation from alcohol (90 per cent.), when it was ultimately 
obtained in faintly brown, glistening, prismatic needles which melted 
at 182—183° and decomposed slightly above this temperature. 
For analysis, it was dried at 100° [Found: C = 72-4; H = 9-2; 
N=5-9; WM, in freezing benzene, = 492 (mean). C,)H,,0,N,,H,O 
requires C = 72°3; H=9-2; N = 5-6 per cent.; M = 498]. 

When dried at 120° until constant in weight, the substance gave 
figures approximating to those required for the anhydrous substance, 
but slight decomposition appeared to have taken place, although 
the melting point was unaltered (Found: C= 75:9; H = 9-2. 
CyHO,N, requires C = 75-0; H = 9-2 per cent.). In benzene 
solution, [«]\ -+- 81-67° was observed. The probable constitution 
of this substance has already been discussed (p. 2649). 

The anhydride, which was quite insoluble in cold alkalis, was not 
attacked by hot alcoholic ammonia, but when warmed for a short 
time with alcoholic potassium hydroxide solution it was rapidly 
decomposed. The solution, which was pale yellow in colour, was 
diluted with water, when a very small quantity of an oil separated ; 
this was taken up with ether (A) and the alkaline liquid evaporated 
on the water-bath until free from alcohol. The cold solution was 
saturated with carbon dioxide and the solid which separated was 
collected. After crystallisation from light petroleum, it melted at 
225—-227° and was identified as d-longif-1 : 2-dionemonoxime by 
conversion into the acetyl derivative melting at 127°. 

On acidification of the potassium carbonate solution with acetic 
acid, a crystalline solid separated. This was collected and purified 
by crystallisation from either dilute methyl alcohol or light petroleum, 
from both of which solvents it was obtained in glistening leaflets 
melting at 127°. 

The cyano-acid, the constitution of which has already been dis- 
cussed (p. 2649), was insoluble in water, but very readily soluble in 
all the ordinary organic solvents except light petroleum. It yielded 
sparingly soluble, but amorphous, bariwm, calciwm, and copper salts. 
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On titration it was found to be a monobasic acid (Found: C = 72-4; 
H=92; N=58; M = 249-2. C,,H,,0,N requires C = 72-3. 
H = 9-2; N = 5-6 per cent.; M = 249). 

All attempts to hydrolyse the cyano-acid to the corresponding 
dibasic acid were unsuccessful. 

The ether extract (A) yielded on evaporation a viscid, yellow oil, 
which, when boiled for a short time with hydrochloric acid, was 
converted into the cyano-acid. There can therefore be little doubt 
that it was the methyl ester of this acid. 

It may be mentioned that the cyano-acid was also formed from 
the anhydride when the latter was heated with sodium carbonate 
solution or with acetic anhydride. When acetic anhydride was 
used, the cyano-acid was accompanied by the acety] derivative of the 
oxime. 


The author wishes to express his indebtedness to Mr. P. H. Guest, 
Manager, the Turpentine Factory, Jallo, for supplying him with 
large quantities of the sesquiterpene, and to his assistants, Messrs. 
Gopal Rau and Ghose, for the care with which they made the 
numerous analyses required during the progress of the work. 
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CCCVI.—Studies on Starch. Part I. The Nature of 
Polymerised Amylose and of Amylopectin. 


By Artaur Ropert Lina and Dinsnaw Ratronsi Nanjt. 


Introduction. 
TuHE object of the work now presented is to throw further light on 
the vexed question of the chemical nature of starch, and so arrive 
at some definite conclusions regarding the constitution of that 
polysaccharide. 

Our knowledge concerning the chemistry of the polysaccharides, 
to which class starch—the most important reserve carbohydrate 
in the vegetable kingdom—belongs, despite the fact that it has 
occupied the attention of chemists for upwards of a century, is 
far less precise than that of most compounds in the domain of so- 
called organic chemistry. Nor is the reason far to seek. The 
polysaccharides as we know them in nature mostly occur in the 
colloidal state, and they fail to respond to methods of attack which 
have proved so fruitful in the case of the simpler compounds. The 
number of memoirs which have been published containing an account 
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of investigations carried out to solve the chemical nature of starch— 
counting only those of the first order—amounts to many hundreds, 
Indeed if cellulose be excepted (with which starch is closely related 
in a chemical though not in a physiological sense), the literature 
of starch is perhaps more voluminous than that of any other chemical 
substance. 

The greater part of the knowledge we possess of starch has been 
derived from a study of its hydrolytic products under the influence 
of acids and of enzymes, and in the majority of cases the enzyme 
employed has been malt diastase. In view of what we now know, 
however, it is not surprising that in these circumstances abortive 
conclusions have been arrived at, for it has been established with 
certainty that starch consists of at least two constituents, each of 
which is attacked by malt diastase, giving rise to products which are 
very difficult to separate. That the problem has not been solved 
earlier is largely due to the failure of workers to recognise these 
facts. Yet researches such as those of C. O’Sullivan and of Horace 
T. Brown will always stand out as classics in chemical literature, 
and the experimental data brought forward in them are not without 
value. Indeed we owe an immense debt to these pioneer workers 
for the methods they devised of attacking the problem. 

In ordinary works on chemistry starch and other cognate poly- 
saccharides are usually represented by the formula (C,H, 05), or 
they are regarded as mixtures of substances of different degrees of 
hydration, (CgH,90;), +- H,O, the limiting formula being reached 
when x is of infinite magnitude. 

The fact that starch as we know it in the form of granules consists 
of more than one substance was first pointed out by C. Nageli 
(“ Die Starkekorner,” Zurich, 1858), who believed that starch granules 
are formed in the plastids of plants by intussusception and that the 
outer layer of the granules is the older and the poorer in the elements 
of water. He brought forward experimental evidence showing that 
this outer layer consists of a substance to which he gave the name 
starch cellulose, whilst he furnished other evidence showing that the 
inner portion is ¢omposed of a substance to which he gave the name 
granulose, the latter being that constituent of the granules which 
when dissolved in water gives a clear blue solution on addition of 
iodine. A. Meyer (‘‘ Untersuchungen iiber die Starkekérner,” Jena, 
1895) maintains that starch granules are formed in the same manner 
as crystals, by apposition. Again, however, Meyer emphasises 
the view that the granules consist of two substances, «-amylose—the 
outer portion—and f-amylose the inner portion. These two sub- 
stances he believed to differ from one another in their degree of 


hydration. 
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The most definite observations of the constituents of starch 
granules are those of the French workers, notably Maquenne and 
Roux, Mme Gatin-Gruzewska, and Fouard. Maquenne and Roux 
(Ann. Chim. Phys., 1904, [viii], 2, 109; 1906, [viii], 9, 179) state 
that the inner portion of the granules consists of a substance which 
they call ‘‘ amylocellulose ” or “amylose.” It is the granulose of 
Niageli and is said to be completely converted into maltose in presence 


of malt diastase. They state that it is present in starch granules | 


to the extent of 80 per cent. in different degrees of hydration, its 
solubility in water varying pari passu with the latter. The second 
constituent is that forming the external portion of the granules, 
and for this they propose the name “amylopectin.” It gives a 
viscous paste when heated with water. The property of starch 
granules of forming a paste with water is indeed ascribed to amylo- 
pectin. Mme Gatin-Gruzewska (Compt. rend. Soc. biol., 1908, 64, 
178; Compt. rend., 1908, 146, 540) described two methods of isolating 
amylopectin consisting in treating starch granules with alkali (see 
p. 2674). The amylose is dissolved, leaving the amylopectin. 
Amylopectin is said to form 40—45 per cent. of the substances 
contained in the granules. Maquenne (Compt. rend., 1908, 146, 
542) suggests that Mme Gruzewska’s values for the percentage of 
amylopectin are too high. 

Fouard has published a series of papers on the colloidal properties 
of starch (Compt. rend., 1907, 144, 501, 1366; 1908, 146, 285, 978; 
1908, 147, 813, 931; 1909, 148, 502). In the first place, he shows 
that acids extract a certain quantity but not all of the phosphate 
content of starch granules. The remainder of the phosphate he 
believed to be in organic combination. We shall have occasion to 
deal with this matter later on in the present paper. He shows also 
that coagulation of a solution of so-called soluble starch is con- 
ditioned by hydrogen-ions and the formation of a solution by 
hydroxyl-ions. It is calculated that the concentration of hydrogen- 
ions required to disturb the equilibrium of a 5 per cent. starch 
solution is represented by py = 13-5. It is shown that a solution 
of starch may be filtered through a collodion membrane and that 
in this way 55 per cent. of the original starch can be obtained in the 
form of a clear true solution giving an intensely blue homogeneous 
solution and not a precipitate with iodine. When such a clear 
solution of starch is boiled, the specific rotatory power is increased 
from [a], + 186-1° to + 193-6°. 

A great advance was made in the chemistry of starch in 1904 
when F. Schardinger obtained so-called crystalline dextrins (Wiener 
Klin. Wochensch., 1904, Nr. 8; Zentr. Bakt. Parasitenk., 1908, 
[ii], 22, 98) by the action of an organism isolated from a retting 
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yat which he named Bacillus macerans. In this way he obtained 
three crystalline dextrins, the yield being 25 per cent. of the starch 
employed. The two chief products were denoted by Schardinger 
dextrin-« and dextrin-8, and of these the «-derivative preponderated. 
The third dextrin was obtained by dissolving the slime, left after 
separating the «- and -dextrins, in dilute alcohol. Pringsheim 
and Langhans (Ber., 1912, 45, 2533) and Pringsheim and Eissler 
(ibid., 1913, 46, 2959) submitted these dextrins to a critical examin- 
ation. ‘They propose to call them amyloses and they find that the 
dextrin-« of Schardinger has a molecular weight represented by the 
formula (C,H,,0;),. It is therefore a tetra-amylose. When heated 
with acetic anhydride and zinc chloride, it undergoes acetylation and 
depolymerisation, being converted into the acetyl derivative of a 
diamylose. It is also shown that dextrin-8, when heated with 
acetic anhydride and zinc chloride, is converted into the acetyl 
derivative of a triamylose. Dextrin-§ is regarded therefore as a 
hexa-amylose. The amylose from the slime is found also to be a 
hexa-amylose. It belongs to the «-series. 

The amyloses isolated by Pringsheim and his collaborators from 
potato starch are regarded as belonging to two series of a- and 
g-derivatives. They are shown in the following table, the basal 
molecules being within the round brackets, whilst the polymeric 
molecules are within the angular brackets. 


Specific rotation. 


u-Series. [alp- 
Hexa-amylose (from the slime) ......... [(CgH1505)o]s 139° 
Tetra-amylose (from dextrin) ............ [(CgH1905)e]e 136-8 
DEED adcacaverrniddocsudacstsereossnners (CgH405)o 136-6 
B-Series. 
Hexa-amylose (from dextrin) ............ [((CgH190s)sle 157-9 
TEREBIVIDES:  sccccseccssccccccccencscssesveces (C.H,,035)3 151-8 


This table is quoted from “‘ Die Polysaccharide’’ (Pringsheim, 
1923, p. 167). The letters « and § affixed to the amyloses were 
not intended by Pringsheim to denote their respective constitutions 
but only to distinguish the members of the two series. By a happy 
coincidence, however, the members of the «-series are those to which 
a-hexa-amylose belongs, whilst the members of the 8-series are those 
to which «®-hexa-amylose belongs. 

In the light of these observations, it is suggested by Pringsheim 
and his collaborators that starch and the amyloses consist of basal 
units polymerised to different degrees, the units being held together 
by subsidiary valencies. The polymeric substances may therefore 
be regarded as co-ordination compounds. 

It will be noticed that in the above table the final units are of two 
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kinds, a diamylose and a triamylose, a point of special significance 
in connexion with our own observations. 

Attention may here be directed to the fact that Karrer and his 
collaborators differ from Pringsheim’s views on the constitution of 
starch and the amyloses. Thus Karrer and Burklin (Helv. Chim, 
Acta, 1922, 5, 181) believe that «-hexa-amylose consists of maltose 
anhydride molecules, (C,,H90j9)3, and they regard starch as 
polymerised maltose anhydride. Support for this view is afforded 
by the observation of Karrer and Nageli (Helv. Chim. Acta, 1921, 
4, 169) that by the action of acetyl bromide on the polyamyloses in 
presence of a little glacial acetic acid hepta-acetylbromomaltose is 
produced, from which maltose can be obtained when it is shaken with 
silver carbonate and subsequently hydrolysed. 

In 1894 Tanret (Compt. rend., 119, 158) obtained a substance, 
which he named |zvoglucosan, by heating picein, a glucoside, with 
barium hydroxide at 100° for several hours. Pictet and Sarasin 
(Compt. rend., 1918, 166, 38) prepared the same substance by 
distilling starch or cellulose under diminished pressure. Karrer 
(Helv. Chim. Acta, 1920, 3, 258) showed that it is formed by heating 
B-glucose. Irvine and Oldham (T., 1921, 120, 1744) therefore call 
it B-glucosan. 

Pictet and Cramer (Helv. Chim. Acta, 1920, 3, 649) believe 
6-glucosan to have the following constitution : 


[ O 1 
CH-CH (OH)-CH(OH)-CH-CH(OH)-CH, 
. a 


This constitutional formula <1, 4> — (1, 6) anhydroglucose has 
been established by Irvine and Oldham (loc. cit.), who employed 
the methylation method. 

Whether £-glucosan may be regarded as a basal unit of poly- 
merised starch or cellulose seemed doubtful, seeing that its mode of 
preparation is such as to render intramolecular changes by no 
means improbable. 

It is interesting, however, to note that another anhydroglucose 
(glucosan) was obtained by Gelis (Compt. rend., 1860, 51, 331) by 
heating dextrose at 170°. Pictet and Castan (Helv. Chim. Acta, 
1920, 3, 645) obtained the same substance by heating glucose in a 
partial vacuum at 150°. On account of its labile properties, they 
believe it to contain an ethylene-oxide ring and suggest that it has 
the constitution 


eI 7 
CH-CH-CH(OH)-CH-CH(OH)-CH,:OH 
fe) 
or <1,4> — (1, 2) anhydroglucose. 


as 
od 
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By heating together equimolecular proportions of -glucosan 
and Gelis’s glucosan, Pictet (Bull. Soc. chim., 1920 [iv], 27, 650) 
obtained a dextrin which when boiled with oxalic acid yielded a 
syrup from which maltose was isolated in the form of its octanitrate. 

Of other recent work on the polysaccharides, that of Irvine and 
his school deserves special mention. This has been summarised 
in an address to Section B of the British Association (1922) and 
also in a lecture to the Chemical Society (this vol., p. 898). 


The Constituents of Starch Granules. 


It has been stated already that starch granules consist of at least 
two substances, amylose and amylopectin, which together constitute 
the major portion of the granules. In the case of the starches of 
potato and arrowroot, amylose and amylopectin are practically the 
sole constituents. It will be shown later that these two constituents 
give rise to different intermediate products when hydrolysed in the 
presence of enzymes. Both, however, give the same ultimate 
product, glucose, when hydrolysed in presence of acids. 

It should here be mentioned that Professor Schryver, in a private 
communication, has informed us that he has isolated a hemicellulose 
from wheat starch, but at present we are without details of his work. 
They are contained, we understand, in a paper now in the press.* 
We may say that we find that certain starches, notably those of 
barley, wheat, and rice, contain besides amylose and amylopectin 
other carbohydrates and as a result of a general examination of these 
substances they would appear to be of the nature of hemicelluloses. 
They can be separated by treating starch paste with certain enzymes. 
We are concerned here, however, more particularly with potato 
starch, and arrowroot starch, the granules of which consist almost 

entirely of amylose and amylopectin. As a result of work we have 
carried out on other starches, namely, those of wheat, barley, rice, 
and maize, we are able to state that the ratio of amylose to amylo- 
pectin is constant in all these starches, namely, 2:1, and there is 
no fundamental difference so far as these two constituents are 
concerned in any of the starches we have examined. However, the 
absolute percentages of these constituents may vary widely according 
to the quantity present of the other constituents above referred to. 

When starch is incinerated, the ash is found to consist principally 
of silica and phosphates, both of which play an important rdéle in 
plant metabolism. The straws of the Graminee contain as much as 


* Papers on this subject by Claysen and Schryver and by Schryver and 
Thomas have appeared since this paper was sent in for publication (Biochem. 
J., 1923, 17, 493, 497). 
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2 per cent. of silica, whilst in the case of rice straw the quantity 
is as much as 6 per cent. 

As regards phosphoric acid, we have already referred to Fouard’s 
observations (loc. cit.) on the presence of phosphate in starch 
granules, but so far as we are aware no one has up to the present 
directed attention to the presence of silica. Bearing in mind the 
fact that phytin is a phosphoric ester of inositol, it seems highly 
probable, arguing by analogy, that the phosphate present in one 
of the substances which forms the outer layer of starch granules, 
namely, amylopectin, is also combined as an ester, and to this is 
probably to be ascribed the property of forming a jelly which is one 
of the characteristics of amylopectin. In support of this view, we 
find that in the well-known method of preparing so-called soluble 
starch according to Lintner’s instructions, namely, treating starch 
granules with 7 per cent. hydrochloric acid for a week, the acid 
liquid contains phosphoric acid. In all probability the silica is also 
removed, but it would be deposited in an insoluble condition. This 
deposition of silica is indeed to be observed when the starches of 
rice, wheat, and barley are hydrolysed with acids. In the case of 
the starches of potato and arrowroot, the quantity of silica is so small 
that it is not noticeable, and clear solutions are obtained. The 
phosphoric acid appears, then, to be associated with amylopectin, 
whilst the silica is in all probability associated with other substances 
of the nature of hemicelluloses. It has been shown previously by 
Fernbach and Wolff (Seventh Internat. Cong. Appl. Chem., 1909, 
Sect. VI, B, 124) that when a 5 per cent. starch paste is heated with 

hydrogen peroxide and ammonia solution or traces of certain salts, 
the paste rapidly liquefies. In all probability, under these conditions 
the phosphoric acid group is split off and liquefaction ensues. Samec 
(Koll. Chem. Bethefte, 1914, 6, 23) has shown that amylopectin 
contains phosphorus, whilst amylose is free from phosphorus. 
Northrop and Nelson (J. Amer. Chem. Soc., 1916, 38, 472), dealing 
with the question of phosphoric acid in starch, isolated an ester 
containing 5-3 per cent. of phosphorus. This observation has an 
important bearing on our own work, as will be seen later. Kerb 
(Biochem. Z., 1919, 100, 8) describes the preparation of phosphoric 
esters from ordinary soluble starch, and he finds that the phosphoric 
group is not easily removed from these esters. Thus their solutions 
do not give a precipitate with magnesia mixture or with molybdic 
acid unless they have been previously treated with hydrogen peroxide 
and a little nitric acid in presence of a trace of iron salts according 
to the method of Mendel and Neuberg (Biochem. Z., 1915, 71, 196). 

Even polymerised amylose, the substance forming the interior 
portion of starch granules, may be to some extent esterified with 
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phosphoric acid. Fernbach (Compt. rend., 1904, 138, 428) has shown 
that potato starch granules, especially the lighter ones, contain a 
nucleus relatively rich in phosphorus, on which is superposed so as 
to form the larger granular, layers of starch free from phosphorus. 


Separation of Polymerised Amylose and Amylopectin. 


At the outset of our experiments we discovered that the dextrin 
obtained by Baker (T., 1902, 84, 1177) by the action of the diastase 
of ungerminated barley on soluble starch and named by him 
«-amylodextrin is a derivative of amylopectin. It is this discovery 
which first gave us the clue to devising methods for the separation 
of the two constituents with which we are now dealing. This part 
of the subject will, however, be discussed in detail in another part 
of this communication. 

Physical Methods.—Polymerised amylose as it exists in starch 
granules is for the most part soluble in water, whilst amylopectin 
isnot. Weare not able, however, to avail ourselves of this difference 
in solubility for the separation of these two substances, since the 
amylose of the granules is surrounded by an outer insoluble coating. 
This difficulty may, however, be overcome completely by dealing 
with starch paste instead of starch granules. When starch paste is 
submitted to the temperature of a mixture of ice and salt in an ice- 
chest for ten to twelve hours, it is found that the starch is precipitated 
from solution as a fibrous mass resembling cotton wool. ' Examin- 
ation under the microscope shows the presence of the small, dis- 
integrated sacks described by Mme Gatin-Gruzewska (loc. cit.). After 
the mass has been brought to the temperasure of the room, it is 
kept at a point a little below the gelatinising point of the starch used. 
Thus in the case of potato starch this temperature should be about 
60°. After some time the amylose will have passed into solution, 
leaving the amylopectin undissolved, which latter may then be 
collected by centrifuging and repeated washing with water at 60°. 
If it be desired to prepare pure amylopectin, the leaching with water 
at 60° must be repeated several times until the final washing no 
longer gives a blue coloration with iodine. Amylopectin thus 
prepared may be dried at a low temperature, when it presents the 
appearance of white, transparent scales. In this form, however, a 
paste can be obtained from it with hot water only after it has been 
finely powdered. These physical methods are only available in the 
case of those starches such as potato and arrowroot not containing 
the hemicellulose constituents. 

The amylose solution comprising the supernatant liquid and 
washings may be concentrated on a water-bath and precipitated with 
alcohol. 
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Amylopectin, when made into a paste with hot water, gives a 
bluish-black coloration and precipitate with iodine, whilst amylose 
gives a clear bright blue solution and no precipitate. 

A second physical method applicable in the case of starches of 
high gelatinising point such as those of barley, wheat, and rice, 
is to keep the granules in suspension at a temperature just below the 
gelatinising point, when the amylose will pass into solution, leaving 
the amylopectin and the hemicellulose constituent undissolved, 
The insoluble constituents cannot be completely freed from amylose 
by this method. 

The method of obtaining amylose by ultra-filtration described 
by Fouard (loc. cit.) has been already dealt with in the introduction. 

We have also made use of the adsorptive power of certain colloids 
such as alumina and dialysed iron. When to astarch paste aluminium 


sulphate is added and subsequently an equivalent quantity of barium } 


hydroxide so as to produce an alumina sol within the paste, most of 
the starch flocculates, leaving a clear supernatant liquid containing 
amylose together with a little amylopectin. The precipitate may 
be collected and washed in a centrifuge. Dialysed iron produces a 
similar result. The behaviour of these colloids is influenced con- 
siderably by the hydrogen-ion concentration of the mixture. 

Obviously this method is not available for the separation of 
amylose and amylopectin in the pure state. 

Chemical Methods.—It is only right to state here that credit must 
be accorded to Mme Gatin-Gruzewska (loc. cit.) as being the first 
to separate by chemical methods amylose and amylopectin. Her 
first method consists in adding to a 3 per cent. starch paste a quarter 
of its volume of a hot 40 per cent. solution of potassium or sodium 
carbonate and treating the mixture with one-third of its volume of 
95 per cent. alcohol. The filamentous precipitate of amylopectin 
produced is washed, caused to swell in water, neutralised, and purified 
by dialysis or by washing by decantation. Another method, which 
enables the two substances to be separated almost in their natural 
state, depends on the fact that when starch in the form of granules 
is treated with 1 per cent. caustic alkali, the envelopes, consisting 
of amylopectin, swell up and the contained amylose passes into 
solution. The liquid is neutralised with acetic acid, when the 
envelopes contract. The mixture is then kept for twenty-four 
hours, when the amylopectin is found in the form of empty sacks 
at the bottom of the vessel. Operating in this way, Mme Gruzewska 
separated 40—45 per cent. of amylopectin from potato starch. As 
already observed, Maquenne (loc. cit.) believes this percentage of 
amylopectin is too high and our own observations have confirmed this. 

Neither of these methods in our hands has given satisfactory 
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results for the preparation of large quantities of polymerised amylose 
and amylopectin. We find that when frozen starch paste is treated 
with 0°5—1 per cent. sodium carbonate solution, the amylose is 
leached out more readily than by plain water. It may then be 
separated from amylopectin as already described. It should be 
pointed out, however, that the amylopectin obtained by alkaline 
extraction gives a violet coloration with iodine instead of the bluish- 
black precipitate obtained with the substance prepared with the 
use of plain water. It would therefore seem that under the influence 
of alkalis some depolymerisation takes place, and this we might 
expect from Fouard’s results (loc. cit.). 

When starch paste is treated at the ordinary temperature with 
one molecular proportion of calcium, strontium, or barium hydroxide, 
the starch is completely thrown down in the form of a white, floccu- 
lent or gelatinous precipitate according to the concentration of the 
starch paste. The supernatant liquid immediately after precipi- 
tation gives no coloration with iodine. If, however, the precipitate 
be kept under water for some time and well agitated, the amylose 
will pass into solution, leaving the amylopectin precipitate undis- 
solved. This separation may be even more readily accomplished 
by drying the alkaline-earth precipitate to a pulverulent form from 
which amylose can be extracted with water. From these facts it 
would seem that amylopectin forms a definite, insoluble compound 
with the alkaline earths which does not dissociate with water at the 
ordinary temperature. Whether amylose also forms a definite, 
insoluble compound with the alkaline earths cannot be decided, but 
it appears more probable that it is coprecipitated with the alkaline 
earth compound of amylopectin by adsorption. 

Biochemical Methods ——The method we have adopted consists 
in treating starch paste at 50° with precipitated barley diastase 
which has been dried by treatment with strong alcohol. In this 
way, the amylose is converted completely into maltose in about 
twelve hours, whilst the amylopectin is scarcely attacked. The 
rate of hydrolysis, as we shall show in a later paper, is accelerated 
by the presence of certain electrolytes. When this biochemical 
method is adopted, the maltose may be removed by dialysis, when a 
solution of amylopectin is obtained from which that substance can 
be isolated by any of the methods already described, or it may be 
precipitated by alcohol. 

It should be pointed out here that when barley grist or barley 
extract, or freshly precipitated barley diastase dissolved without 
drying [as was employed by Baker (/oc. cit.)], is used as converting 
agent, the amylopectin is attacked, the final product being Baker’s 


a-amylodextrin. 


| 
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Hydrolysis of Starch. 


Although it will be quite unnecessary for us to deal exhaustively 
with the voluminous literature of this portion of the subject, in 
order to make our thesis quite clear we shall have to refer to some 
of the memoirs dealing with studies which have furnished evidence 
from which conclusions have been deduced as to the constitution 
of starch. Most of these conclusions are erroneous owing to the 
fact that starch has been regarded as a homogeneous substance and 
not, as indeed it is, a mixture of at least two substances. 

The one fact that has been established beyond all doubt is that 
the two chief constituents of starch, namely, polymerised amylose 
and amylopectin, are hexosans which by complete hydrolysis in 
presence of acids are converted quantitatively into glucose. 

The particular phase of the subject to which it is necessary for 
us to refer in the first place is that dealing with the hydrolysis of 
starch in presence of the diastase of germinated barley. We may 
pass over the earlier work of Payen and Persoz and of Musculus and 
mention the researches of C. O’Sullivan, who, in 1872 (T., 25, 579), 
established the fact that the sugar obtained was maltose, thus 
confirming the observations of de Saussure in 1819 and of Dubunfaut 
in 1849. The papers published by O’Sullivan on this subject from 
1872 to 1879 mark a distinct advance in our knowledge of the 
dextrins formed by the hydrolysis of starch, and his work was 
continued and considerably extended by H. T. Brown and his 
collaborators. In 1885, Brown and Morris (T., 47, 527) confirmed 
Herzfeld’s observation (Inaug. Diss., Halle, 1879) of the existence 
of a reducing substance intermediate between maltose and the 

dextrins among the hydrolytic products of starch and they adopted 
for it Herzfeld’s name, maltodextrin; it was found to be unfer- 
mentable by Saccharomyces cerevisiae. The next important advance 
was made by C. J. Lintner, who, in 1891, announced the discovery 
of an isomaltose in malt wort and in beer (Z. ges. Brauw., 1891, 
284). In a subsequent paper, Lintner and Diill (Z. angew. Chem., 
1892, 5, 268) stated that the same sugar is invariably present as a 
product of the hydrolysis of starch in presence of malt diastase. 
Ling and Baker (T., 1895, 67, 702, 739) drew the conclusion that 
the isomaltose of Lintner was a mixture of maltose and a simple 
dextrin, C,.H,)0,) -++- H,O, whilst Brown and Morris (ibid., 1895, 
67, 709) deny entirely the existence of isomaltose, and Ost (Chem. 
Zig., 1895, 19, 1501) drew similar conclusions. Ling and Baker 
(T., 1897, 71, 509) describe the preparation and properties of 
maltodextrin-« and maltodextrin-@, whilst from the unfermentable 
residue of the particular fractions from which Lintner isolated his 
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ijgmaltose they obtained a substance which, in accordance with 
their former views, they regarded as a simple dextrin. Inasmuch 
as it gave a small quantity of osazone, they suggested that it may 
have contained a little maltose. Syniewski (Annalen, 1900, 309, 
982; 1902, 324, 212) came nearer than perhaps any previous 
investigator towards solving the constitution of starch. Among 
other facts, his work leaves little doubt as to the existence of Lintner’s 
isomaltose, to which he gave the name dextrinose. Although he 
regarded the isomaltose as a $-disaccharide, it is remarkable that he 
failed to discover methods of proving this point. 

We have already stated that Baker’s «-amylodextrin is derived 
from amylopectin. When barley grist or barley extract or a solution 
of freshly precipitated barley diastase which has not been dehydrated 
with strong alcohol is allowed to act on a paste of amylopectin, the 
amylopectin is broken down into a simpler substance, which is, 
in fact, the substance referred to by Baker as «-amylodextrin. 
When this product is repeatedly extracted with boiling 80 per cent. 
alcohol, it may be obtained devoid of cupric-reducing power. A 
better method of removing the reducing substance from this product 
is to dry it, grind it to a very fine powder, and extract it with boiling 
80 per cent. alcohol. It is therefore not a dextrin, but a derivative 
of amylopectin similar to the polymerised amyloses. We regard 
itas polymerised «$-hexa-amylose and therefore in future for the sake 
of brevity we shall refer to it as «8-hexa-amylose. According to Mme 
Gruzewska, the specific rotatory power of amylopectin is [«]p) + 221°, 
whilst we find that that of polymerised «$-hexa-amylose is [«]p 
+ 193°, a number which agrees fairly closely with that observed 
by Baker. 

Precipitated diastase which has been dehydrated with alcohol 
and dried does not possess the power of attacking amylopectin to 
any extent, which is recovered almost unchanged, having a specific 
rotatory power of about [a], + 221°. «-Hexa-amylose may be 
produced from amylopectin by a process of depolymerisation, but 
in a sense it may be regarded as a hydrolytic product, since it involves 
the removal of the phosphoric acid groups in the amylopectin. The 
same change occurs to some extent when amylopectin is treated 
with dilute alkali (see p. 2675). «-Hexa-amylose, although contain- 
ing 8-linkings, is not hydrolysed by the very active $-glucosidic 
enzyme obtained from bitter almonds. To prepare this enzyme, 
bitter almonds (100 grams) were extracted at a low temperature 
and to the clear filtrate were added a few drops of dilute acetic 
acid to coagulate the proteins. The filtrate from the coagulum was 
treated with 3 vols. of 95 per cent. alcohol, the precipitate collected 
and dissolved in 33 c.c. of water, and a few drops of toluene were 
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added. The solution thus obtained was extremely active compared 
with the dry preparation. 

By the action of yeast maltase, however, the «$-hexa-amylose is 
slowly hydrolysed, giving, after incubating at 38° with the enzyme 
for a week in presence of toluene, a mixture of glucose and isomaltose, 

Hydrolysis of Amylopectin in presence of Malt Diastase.—Amy)lo. 
pectin was hydrolysed in presence of unrestricted mait diastase at 
50°. It was then found to be broken down rapidly, and in a few 
minutes the solution no longer gave a coloration with iodine. After 
two hours the specific rotatory power of the liquid was found to be 
[«]p -+ 139° and the presence of a little glucose was detected. The 
action is slower if the diastase solution has been previously heated 
at 65° and the reaction allowed to proceed at the same temperature, 
In an experiment carried out under these conditions, the specific 
rotatory power after six hours was [«]p -+ 126°, and glucose in 
considerable quantity was present in the solution. 


Preparation of Hexatriose («-Glucosidoisomaliose or 
6-Glucosidomaltose). 


A solution of «8-hexa-amylose containing 3—4 grams per 100 c.c. 
was treated with 10 c.c. of precipitated malt diastase solution con- 
taining 0°001 gram of the enzyme per c.c. under the following 
conditions. ‘The enzyme solution was previously heated at 70° and 
the conversion allowed to proceed at the same temperature. At the 
end of every half hour, fresh 10 c.c. portions of diastase solution 
restricted as before were added. In three to three and a half hours 
the solution no longer gave the iodine reaction. At this point the 
solution was rapidly raised to the boiling point. The specific 
rotatory power of the solid matters in the solution was [«]p -+ 165° 
and the reducing power R 66 and these values have been confirmed 
for the pure substance in a number of experiments. No glucose was 
present. We find, however, that unless extreme care is taken to 
keep the temperature from falling below 70° glucose is formed. 
Cryoscopic determinations showed that the dissolved matter in 
the conversion carried out at 70° had the molecular weight of a 
hexatriose. 

The hexatriose was isolated by evaporating the solution at a low 
temperature to a syrup, which was treated with alcohol, and filtering 
off the precipitate resulting from the diastase. The alcoholic 
solution was then concentrated at a low temperature, when the sugar 
was obtained as a white, amorphous, extremely hygroscopic powder. 
When this was mounted on a microscopical slide in absolute alcohol, 
distinct triangular plates momentarily appeared, but attempts to 
prepare permanent crystals were unsuccessful owing to the extremely 
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hygroscopic nature of the sugar. The anhydrous substance melts 
sharply at 202—203° to a colourless liquid. The sugar possesses 
4 sweeter taste than maltose (Found: C = 43°01; H = 6°49; 
M=480. Calc. for C,,H,.0,,, C = 42°85; H = 6°40 per cent. ; 
M = 504). 

The hexatriose gives a phenylosazone which is very soluble in 
water and crystallises therefrom in rosettes of minute needles, It 
melts at 122° [Found: N = 8:14. C,H 0,,(N,HPh), requires 
N = 8-21 per cent.]. 

When the hexatriose is submitted to the action of §-glucosidic 
enzyme prepared as already described, it is hydrolysed giving a 
mixture of glucose and maltose. In one quantitative experiment 
31:8 per cent. of glucose was obtained, instead of 35°7 per cent. 
Qn the other hand, when it is submitted to the action of yeast 
maltase or malt diastase, glucose and isomaltose are obtained. The 
isomaltose was identified by means of its osazone, which had the 
characteristic appearance and melted sharply at 152°. 

The hexatriose, as might be expected from its behaviour towards 
yeast maltase, is slowly fermentable by Saccharomyces cerevisice 
(top variety), leaving a residue of isomaltose which was identified by 
its osazone.* 

isoMaltose—We have now definitely settled the existence of this 
sugar amongst the products of hydrolysis of starch by malt diastase, 
concerning which so much controversy has taken place. As long 
as studies were confined to the action of malt diastase on starch, it 
was practically impossible to settle the question, since by that 
enzyme both polymerised amylose and amylopectin are hydrolysed, 
giving rise to a mixture of maltose and isomaltose, which are diffi- 
cult to separate by fractionation with alcohol. It is different when 
resort is had to an enzyme which only saccharifies polymerised 
amylose, such as dry precipitated barley diastase. When the last- 
mentioned enzyme is allowed to act on starch, the products are 
maltose and «®-hexa-amylose. Baker obtained under these condi- 
tions in one experiment a reducing power as high as 66°6 per cent., 
expressed as maltose. In our own experiments, we have obtained 
barley diastase conversions giving reducing powers as high as 70 per 
cent., expressed as maltose. The conditions were so adjusted in 
these cases that no glucose was produced (compare Ling and Nanji, 


Biochem. J., 1923, 17, 593). 
Many investigators have claimed to have converted starch com- 


* This hexatriose must not be confused with that isolated in the form of 
its osazone by Ling and Baker (T., 1895, 67, 702) from the products of the 
action of restricted malt diastase on starch at 70°. This sugar was probably 
a mixture derived from polymerised amylose and amylopectin. 
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pletely into maltose by the action of malt diastase. Thus Ling anj 
Davis (J. Inst. Brewing, 1902, 8, 475), employing malt diastase 
showed that the starch of potato maize and rice, when hydrolysed 
with a solution of precipitated malt diastase at 55° for prolonged 
periods, gave conversions the dissolved solids of which had the 
following constants: Potato, [a]psss 138°5°, Ry», 96°7. Maize, 
[]poss 139°4°, Ry: 96°7. Rice, [e]pss 139°4°, Reso, 961. Ling 
and Davis state that in such solutions they were able to detect 
nothing but maltose. It should here be pointed out that amylo. 
pectin, when hydrolysed in presence of malt diastase at 55°, yields 
a mixture of maltose (1 part) and tsomaltose (2 parts). In this 
case «-glucosidoisomaltose is not produced as an intermediate 
substance. It will be noticed that whilst the rotatory powers 
above quoted are substantially those of maltose, the reducing 
powers are on the average 96°4 instead of 100. According to 
Lintner, isomaltose has the following constants: [«]) 140°, R 80, 
and we have confirmed these values. If we assume, therefore, 
that starch under the action of malt diastase yields ultimately a 
solution containing a-mixture of approximately 80 per cent. of 
maltose and 20 per cent. of tsomaltose,* the constants of such a 
mixture should be [«], 138°4, R 96, values which agree closely with 
those of Ling and Davis. In fact, Ling (Brit. Assoc. Report, South- 
port, 1903) states that potato starch paste is never completely 
converted into maltose by the action of malt diastase and that a 
substance is always present which is identical with the isomaltose of 
Lintner. We have repeated some of Ling and Davis’s experiments 
with potato starch paste, and whilst we can confirm the values they 
obtained, we have proved the presence of isomaltose in the final 
products by fermenting the maltose with yeast, preparing and 
examining the osazone from the unfermented matter, and finally 
submitting the sugar to the action of the 8-glucosidic enzyme from 
bitter almonds. 

Since Lintner and other workers separated isomaltose from the 
products of the action of malt diastase on starch, the preparations 
were always of very uncertain purity. Still it is remarkable that 
Lintner’s preparations gave the true constants for this sugar. It 
was, in fact, due to the difficulty of isolating 7somaltose except in 
the form of its osazone that led several chemists,to deny its existence, 
which Lintner, however, strongly maintained to the last. In view 
of our present knowledge it must, however, be admitted that Lintner’s 
views were correct and his work must be classed as among the most 
important on the subject. Lintner regarded the ‘somaltose obtained 

* This would not be strictly accurate for all starches, as we shall show in 
a subsequent communication. 
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by the action of malt diastase on starch and that produced by 
Fischer (Ber., 1890, 23, 3687) by the action of hydrochloric acid on 
glucose as identical, basing this conclusion on the fact that the 
gsazones from the two products melt at about the same temperature. 
Lintner and Diill (Ber., 1895, 28, 1522) showed that hydrolysis of 
potato starch with oxalic acid under a pressure of 1} atmospheres 
yielded 34 per cent. of isomaltose in the crude product. 

We have repeated this experiment and find that the tsomaltose 


-Eobtained is not identical with the sugar which Lintner isolated 


from the products of the action of malt diastase on starch. It 
appears to be a mixture, and we hope to deal with it in a future 
communication. 

Preparation of isoMaltose:—We have already referred to various 
means of obtaining isomaltose. The most convenient way of 
preparing it in large quantities is to use as starting material either 
aude amylopectin or «$-hexa-amylose, and to allow a solution of 
precipitated malt diastase to act on either of these at 50° until the 
rotatory power remains constant. The product consists of iso- 
maltose, glucose, and a little maltose. The solution is next fer- 
mented with yeast and after the termination of the fermentation, 
the yeast is filtered off, the solution decolorised with norit, and 
evaporated under diminished pressure to a thick syrup, which is 
taken up by boiling 90 per cent. alcohol, when mineral matters, 
proteins, etc., remain undissolved. The alcoholic solution is then 
concentrated at a low temperature, when the sugar is obtained as a 
white, amorphous, fairly hygroscopic powder. It does not possess 
any definite melting point, nor can it be induced to crystallise. It 
has a sweeter taste than maltose, a fact to which Lintner has already 
directed attention. Several experiments for the preparation of 
isomaltose in large quantity were carried out in a manner following 
the directions given by Baker and Day (Brit. Assoc. Rep., 1908, 
Sect. B, 671) for the preparation of maltose, only that in place of 
barley diastase barley extract was used. Starch paste is treated 
with barley extract at 50° for six hours and the conversion kept at 
toom temperature for a further twelve hours. The conversion 
liquid is then boiled and concentrated to a syrup, which is poured 
into so much alcohol that the resulting mixture contains 60 per cent. 
of alcohol. The supernatant liquid is then poured off, the crude 
i8-hexa-amylose, contaminated with maltose, is dissolved in water, 
and the solution treated with precipitated malt diastase at 50° until 
the rotatory power is constant. The product is then fermented with 
yeast as described above. 

The specific rotatory power of the pure sugar (c = 3—4) is 
[2] + 140° and the reducing power R 80, as stated by Lintner 
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[Found: C=419; H=66; M, by the cryoscopic method, 
= 332. C,.H,.0,, requires C = 42-1; H = 6-4 percent. ; M = 342, 
Found: for the osazone, N = 10-65. C,,H 90,(N.HPh), requires 
N = 10-76 per cent. ]. 

Discussion of Results. 


Throughout this communication we have dealt with the nature 
of two constituents of starch granules, namely, polymerised amylose 
and amylopectin, and as a result of a study of their behaviow 
towards certain enzymes we have been able to arrive at definite 
conclusions regarding their constitution. Before discussing these, 
it will be useful to give a brief sketch of the views and conclusions 
of other workers. 

Unlike the older school of chemists, recent workers regard starch 
as made up of a polymerised basal unit and suggestions have been 
made by Pictet, Karrer, Pringsheim, and Irvine as to the constitution 
of this basalunit. Pictet regards it as B-glucosan, Karrer as anhydro- 
maltose, whilst Pringsheim and Irvine both regard it as triamylose. 
Irvine and Macdonald, on the evidence obtained by a study of the 
methylation products of purified rice starch, suggest a constitutional 
formula for the triamylose, based on the fact that starch, when 
methylated by the methyl sulphate and caustic soda method, yields 
a product having a methoxyl content of 37 per cent. as would be 
required by a derivative in which one hexose residue has acquired 
three methyl groups, whilst four are shared by two hexose residues. 
Ultimate analysis of the product gave results in agreement with 
this view. It gave on hydrolysis about 23 per cent. of 2:3: 6- 
trimethyl glucose, about 46 per cent. of a dimethyl glucose, and 
about 31 per cent. of depolymerised starch. This leads them to draw 
the conclusion that there is present in the starch molecule a hexose 
residue in which the two potential linkages to the other residues are 
in the positions not occupied by the methyl groups, namely, 1 and 5. 
It is pointed out that the structure which can be developed to admit 
of one of the linkages being in position 5 is characteristic of 
6-disaccharides such as cellobiose and lactose, but not of maltose. 
Irvine and Macdonald propose three formule for the basal unit of 
starch and of these they give preference to the following : 
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That these workers regarded starch as a homogeneous substance 
js easy to understand, since none of them was aware of the fact that 
amylose and amylopectin give rise to different products on hydrolysis 
with enzymes. In view of our present knowledge, therefore, in 
arriving at any conclusions as to the constitution of starch, each 
of its constituents must be considered separately. 

Polymerised Amylose.—We have seen that polymerised amylose 
may be converted quantitatively and with extreme ease into maltose, 
which is known to be an «-disaccharide. The simplest basal unit 
which suggests itself at first sight for polymerised amylose is there- 
fore that proposed by Karrer, namely, anhydro-maltose or diamylose. 
Karrer’s latest formula for this substance is the following : 


Fia. 1. 
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It will be remembered, however, that the primary amylose of the 
«-series obtained by the action of B. macerans on starch is, according 
to Pringsheim, a hexa-amylose which, when treated with acetic 
anhydride and zinc chloride, is depolymerised into a tetra-amylose 
and finally into a diamylose. 

In view of the fact that this depolymerisation is brought about 
by vigorous chemical means, we consider that «-hexa-amylose rather 
than the tetra- or the di-amylose should be regarded as the basal 
unit of polymerised amylose, the latter two being derived from the 
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former by depolymerisation. The following formula will account 
for all the properties of «-hexa-amylose. From a substance having 


this structure under certain conditions of hydrolysis a hexatriose 
may be produced. Further work is being carried out to settle this 
point. However, such a fission must be regarded as abnormal, the 
constituting unit of the hexa-amylose being the diamylose. In 
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(ab), (cd) and (ef) Diamylose ; (cdef), (abef) and (abcd) Tetra-amylose. 
The potential positions of residual valencies on fission and depolymerisation 
of the structure are shown in dotted lines. 


proposing this structural formula, we have kept in mind the views 
of Pringsheim, Karrer, and Irvine. Those of Pringsheim and 
Karrer will now, we hope, be easily reconciled and accommodated 
with our own. Irvine, on the other hand, does not accept the 
structural formula proposed by Karrer for diamylose, which com- 
prises that proposed by us for «-hexa-amylose. Irvine’s contention 
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that such a structure as proposed by Karrer for the diamylose would 
give rise to 2:3: 5-trimethyl glucose is scarcely well founded. It 
must be remembered that in the case of the amyloses we are dealing 
with closed-chain structures, and although these are closely related to 
the open-chain reducing polysaccharides, the same arguments which 
are applicable in establishing the constitution of the latter need not 
necessarily hold in the case of the former. In establishing the consti- 
tution of such closed-chain compounds, a very important factor 
presents itself which has been left out of consideration, namely, that 
of steric hindrance. This, if ignored, may lead to erroneous con- 
cdusions. It is in fact conceivable that Irvine’s failure to obtain 
2:3:5-trimethyl glucose from starch may have been due to this 
cause. ‘Thus we know from the work of Pringsheim and of Karrer, 
which need not be referred to in detail, that of the three hydroxyl 
groups for every glucose residue present in such closed-chain com- 
pounds, all the three can be acetylated without involving the rupture 
of the ring, whereas only two can be methylated readily. The third 
can be methylated only with difficulty even when the hydroxyl 
groups are in the position 2: 3:6 and not at all when they are in 
the position 2:3:5. This behaviour towards methods of methyl- 
ation is quite general in the case of such closed-chain compounds as 
the amyloses which have the three hydroxyl groups in 2:3:5- 
positions. It may be concluded, therefore, that two of those hydroxyl 
groups behave differently from the third when submitted to methyl- 
ation methods. Since closed-chain compounds containing hydroxyl 
groups in the 2 : 3 : 6-positions can be methylated, it would seem that 
steric hindrance is offered by the hydroxy] group in position 5. 
Amylopectin.—It has already been stated that amylopectin is a 
phosphoric ester of a polysaccharide which we shall now show to be 
an «8-hexa-amylose in which two carbinol hydroxyl groups adjacent 
to the @-linkings are esterified (see p. 2686). The first conclusive 
evidence pointing to the nature of this phosphoric ester was furnished 
by Northrop and Nelson (loc. cit.), who isolated it from the products 
of partly hydrolysed starch by hydrochloric acid. They then 
determined the percentage of inorganic phosphoric acid in the liquid 
and found that only 3—5 per cent. of the total phosphoric acid was 
set free, the remainder still being in organic combination. 'When the 
acid liquid was neutralised with solid baryta and two volumes of 
85 per cent. alcohol were added, they obtained a white, hygroscopic, 
amorphous substance containing 3—5 per cent. of phosphorus, the 
yield being 0-6 per cent. of the starch employed. The barium com- 
pound was decomposed with dilute sulphuric acid, the excess of 
sulphuric acid removed with lead carbonate, and after hydrogen 
sulphide had been passed through the liquid to precipitate the lead, 
VOL, OXXIII. 4x 
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the filtrate was concentrated in a vacuum to a syrup, to which glacial 
acetic acid was added. The resulting precipitate of the free ester 
thus obtained contained 4-9 per cent. of phosphorus. When this 
product was further purified through the lead salt, preparations 
were obtained containing uniformly 5-3 per cent. of phosphorus, 
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(abc) Hexatriose; (ab) isoMaltose; (aa), (bc) and (cc) Maltose. 
The potential positions of residual valencies on fission and depolymerisation 
of the structure are shown in dotted lines. 


The authors believe that the substance contains one phosphoric 
group to three hexose residues. As the substance did not reduce 
Fehling’s solution, the authors conclude that it was an ester of a 
closed-chain compound analogous to inositol, which was found to be 
absent. The nature of the carbohydrate was left undecided. In 
all probability the compound which these chemists isolated is the 
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ester of the triamylose from which «-glucosidoisomaltose is 
derived. 

Just as the basal unit of polymerised amylose is assumed to be 
a-hexa-amylose, so that of amylopectin may be regarded as af-hexa- 
amylose. In fact, in this case it is impossible to account for our 
results unless we make this assumption. Thus a hexa-amylose is 
the simplest unit which will account for the production of maltose 
and tsomaltose under the action of appropriate enzymes. 

The structure which accounts for all the reactions of «B-hexa-amyl- 
ose considered as the basal unit of amylopectin is shown on p. 2686. 

It will be noticed that as distinguished from the «-hexa-amylose 
there are two f-linkings and four «-linkings, the presence of which 
explains the production of «-glucosidoisomaltose, of tsomaltose, and 
of maltose, the respective constitutions of these three sugars being 
as follow : 
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Irvine’s results from which he deduces his formula for the basal 


unit of starch can now be discussed in the light of our own sugges- 
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tions. The ultimate products of hydrolysis which he obtained from 
methylated starch were a dimethyl glucose and 2: 3 : 6-trimethy] 
glucose in the proportion of 2:1. The major portion of the dimethyl 
glucose must have been derived from the amylose portion of starch, 
whilst the trimethyl glucose was derived from the isomaltose unit 
contained in the amylopectin. Since, however, Irvine employed 
rice starch, it is very difficult to interpret his results quantitatively, 
as we find that purified rice starch contains the largest percentage 
of the other constituents of the nature of hemicellulose (see p. 2671). 
In some samples, we have found as much as 18 per cent. of these 
constituents. The details of the method of isolating and estimating 
them will be dealt with in another paper. 


In conclusion, we desire to express our thanks to Professor 
C. J. Lewis of the Public Health Department in this University for 
placing at our disposal an electrically driven centrifuge and an 
ice-chest. Our thanks are also due to W. J. Harper for the assistance 
he has rendered. 
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CCCVII.—The Velocity of Reaction in Mixed Solvents. 
Part VI. The Velocity of Saponification of certain 
Methyl Esters by Potassium Hydroxide in Methyl 
Alcohol-Water Mixtures. 


By WattTER IpRis JonEs, Hamitton McComsin, and 
HaroLtp ARCHIBALD SCARBOROUGH. 


In a series of communications (T., 1921, 119, 970 et seg.) a study 
has been made of the velocity of reaction in mixed solvents and it 
has been shown that the curve expressing the relation between i 
and the composition of the solvent is, in most cases, made up of 
a series of linear sections. The change from one section to the 
adjacent one occurs at such compositions of the solvent mixture 
that simple complexes seem to be indicated. It has been suggested 
that this type of curve is peculiar and is dependent on the possibility 
of formation of a complex between one of the reactants and the 
solvent complex. Only a few reactions have been considered and 
from the limited number of reactants studied it would appear that 
a strong base (or a strong acid) plays an important rdle. 

The solvent mixtures employed have been ethyl alcohol—water 
and benzene-nitrobenzene mixtures, and in view of the important. 
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part which may have to be ascribed to the base (or acid), this choice 
is unfortunate owing to the very limited range of bases which 
could be examined, as their low solubility prevented reasonable 
accuracy. 

Methyl alcohol-water mixtures appear to be free from this 
objection and possess an additional advantage in that the physical 
properties of such mixtures have been studied widely and thus 
the results obtained by a study of the velocity of saponification 
can be compared readily with the data obtained from the physical 
measurements. 

The work has thus been extended to include the velocity of 
saponification of the methyl esters of certain aliphatic and aromatic 
monocarboxylic acids in methyl alcohol—water mixtures. 

As a solvent, methyl alcohol has not been used so extensively 
as ethyl alcohol and as a component of a binary solvent medium 
there are but few examples of its use. 

Trey (Z. physikal. Chem., 1895, 18, 193; 1903, 46, 621) records 
the fact that the velocity of inversion of lactose in methyl alcohol— 
water mixtures is inversely proportional to the percentage of methyl 
alcohol. Lobry de Bruyn and his collaborators in a series of papers 
(Rec. trav. chim., 1899, 18, 13, 41, 311; 1901, 20, 292) have shown 
that certain reactions taking place in methyl aleohol—water mixtures 
give a maximum value of k, but unfortunately the deductions to 
be drawn from the study of these reactions were limited by solubility 
in one case and in another by the comparatively small effect of a 
change in the composition of the solvent on the value of k. 

Tubandt (Annalen, 1907, 354, 259) and Kullgren (Z. physikal. 
Chem., 1901, 37, 613) have employed a few mixtures of methyl 
alcohol and water, but the data are insufficient for the deduction 
of any definite conclusions. Senter (T., 1915, 107, 1070) found that 
the velocity of interaction of certain bromo-acids with an alkali 
reaches a maximum in a mixture containing about 40 per cent. 
by volume of methyl alcohol. Finally, Kremann (Monatsh., 1905, 
26, 279) investigated the velocity of saponification of methyl 
acetate and showed that as the percentage of water increases in 
the solvent mixture k& rises very slowly until about 60 per cent. 
of water is present and then the value of & increases rapidly. In 
the range, however, between pure methyl alcohol and pure water 
there are only some three measurements and the curve plotted from 
these values can be regarded only as an indication of the real shape 
of the curve. 

The examination of the physical properties of methyl alcohol- 
water mixtures has led to the prediction that numerous hydrates 
must exist. These hydrates are tabulated on p. 2690. 
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TABLE I. 
Composition by weight 

Formula. (Per cent. of alcohol). Measurement. 
2CH,;-0H,H,O 78 D.E.C. 
CH,-0OH,H,O 64 Viscosity (2). 
CH;-0OH,2H,O 47-1 Viscosity (1, 2); D.E.C.; Heat 

of dilution. 

CH;-0H,3H,O 37-2 Viscosity (1, 2, 3). 
CH,-0H,4H,O 30-8 D.E.C. 
CH,;-OH,5H,O 26-2 
CH,-0OH,8H,O 18-2 Viscosity (2). 
CH;-0OH,20H,O 8-2 


D.E.C.: Thwing, Z. physikal. Chem., 1894, 14, 294. Viscosity: (1) Dun- 
stan, ibid., 1904, 49, 595, (2) Varenne, Compt. rend., 1911, 188, 990, (3) Traube, 
Ber., 1886, 19, 879. Heat of dilution: Forcrand, Ann. Chim. Phys., 1892. 
[vi], 27, 525. 

In opposition to the view that hydrates actually exist we have 
the investigations of Pushin and Glagoleva (T., 1922, 121, 2815), 
who made a study of the freezing-point curve of methyl alcohol- 
water mixtures and found that there was no evidence of hydrate 
formation at the temperatures they were employing; further, they 
point out that evolution of heat occurs on mixing methyl alcohol 
and water and thus any hydrate formed should have an increased 
stability as the temperature is lowered. 

In addition to the measurements which have been used to support 
the view that hydrates actually exist, there are numerous measure- 
ments of the physical properties of methyl alcohol—water mixtures 
in which maxima, minima, and points of inflection occur at such 
compositions of the mixture that it might be deduced that hydrates 
do exist; these points are tabulated below : 


TABLE II. 
Point of inflection. 
Approx. per cent. 
of alcohol. Measurement. 
Conductivity of sodium hydroxide (4). Min. 
78 Conductivity of potassium iodide (5). Min. 
Solubility of mercuric chloride (6). Max. 
64 Conductivity of potassium bromide (5). Min. 


Conductivity of potassium chloride (5). Min. 
Conductivity of sodium hydroxide (4). Change. 
Viscosity of potassium chloride (5). Max. 

47 Viscosity of potassium bromide (5). Max. 
Viscosity of potassium iodide (5). Max. 
Refractive index (7). Max. 
Heat of dilution. 
Surface tension (9, 10). Change. 

37 Heat of dilution (8). Max. 
Density (11). Max. 


(4) Tijmstra, Z. physikal. Chem., 1904, 49, 104. (5, 6) Herz, Z. anorg. 
Chem., 1907, 52, 165; 55, 273. (7) Getman, Amer. Chem. J., 1908, 40, 478. 
(8) Bose, Z. physikal. Chem., 1907, 58, 594; 1909, 65, 458. (9) Dupré, Pogg. 
Ann., 1873, 148, 236. (10) Duclaux, Ann. Chim. Phys., 1878, [v], 18, 87. 
(11) Traube, Ber., 1886, 19, 879. 
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A consideration of the results given in Table VI shows that the 
yalue of & calculated from the equation for a bimolecular reaction 
was constant over the range of the reaction examined and 
independent of the initial concentration of the reactants. 

The reaction was found to proceed to an end for methyl n-butyrate 
and for methyl benzoate in a solvent mixture containing 90 per 
cent. of methyl alcohol. This resuit is of interest in view of the 
work of Cajola (Gazzetta, 1900, 30, i, 233), who has shown that, in 
absolute methyl alcohol and with equivalent concentrations of the 
reactants, only some 26 per cent. of methyl acetate is saponified 
by potassium hydroxide and, further, that the value of k is not 
constant and falls steadily after a short period. This has been 
established in these laboratories in the case of methyl benzoate, 
which is saponified to the extent of less than 1 per cent. even in 
the presence of 3 molecular proportions of potassium hydroxide. 

The ratio Kester/Kmethyi benzoate 18 found to have a nearly constant 
value, especially if the solvent contains more than 45 per cent. 
of methyl alcohol; as was the case with ethyl alcohol—water 
mixtures, a rise or fall in the value of this ratio constant appears 
to be associated with the relative solubilities of the esters. 


Taste III. 
(Methyl_benzoate. k = 1). 
Ester. 

Alcohol o-Chloro- p-Chloro- 
percent. m-Butyrate. isoButyrate. m-Toluate. benzoate. benzoate. 
90 2-45 1-36 0-71 2°35 3°45 
84-9 2-25 1-48 0-7 2-05 — 
82-5 2-40 1-60 0-75 2-25 3°55 
80 2-25 1-54 0-70 1-97 3-50 
17-4 2-25 1-50 0-76 1-99 3°25 
75-25 2-25 1-58 0-73 2-02 3-45 
70 2-38 1-42 0-75 1-86 3-10 
66-1 2-30 1-54 0:74 1-97 3°25 
62-5 2-35 1-58 0-74 1-95 3°35 
60 2-32 1-53 0-74 1-87 3-05 
55 2-05 1-47 0-66 1-66 2-70 
50 1-85 1-28 0-63 1-52 2-35 
45 2-10 1-38 0-70 1-90 2-95 
42-5 1-98 1-28 0-69 1-63 2-55 
40 2-02 1-30 0-76 1-58 2-48 
35 2-20 1-17 0-71 1-51 2-40 
32°75 2-50 1-20 0-76 1-48 2-53 
30 2-75 1-20 0-77 1-44 2-25 


It will be seen that methyl o-chlorobenzoate behaves quite 
normally throughout and does not, as was found with the corre- 
sponding ethyl ester (T., 1922, 121, 243), give a section in which 
the acceleration due to an increasing percentage of water is zero 
or negative. 
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The ratio [ester/Ietnyi vensoate has been tabulated (T., 1922, 121, 
246), and it is of interest to compare with this the ratio. for 
the methyl esters and methyl benzoate; it is seen that the ratio 
is much more constant for the methyl esters than for the ethy] esters, 

The ratio values for methyl n-butyrate, m-toluate, and p-chloro. 
benzoate are almost identical with those for the corresponding 
ethyl esters, whereas the ratio values for methyl isobutyrate and 
o-chlorobenzoate are much higher, —1-45 and 1-75 for the methy| 
esters compared with 1-1 and 1-2 for the ethyl esters, the abnormal 
section in the case of ethyl o-chlorobenzoate not being taken into 
account. This high value in the case of the methyl esters is pro. 
bably a steric effect and would thus show the influence of an 
a-methylene group in acids which contain substituents in close 
proximity to the carboxyl group. 

A study of the curves showing the relation between the value 
of k and the percentage composition of the solvent mixtures shows 
that we are dealing with a reaction which passes through a succession 
of five linear sections. The observed values of k and those calculated 
on the basis of this linear relationship are shown for methyl iso- 
butyrate. 


TABLE LV. 

Alcohol Alcohol 

per cent. Kove. Kate. per cent. Kons. Reale. 
90 0-0145 0-0148 60 0-22 0-22 
84-9 0-0325 0-032 55 0-315 0-315 
82-5 0-038 00-0385 50 0-41 0-4] 
80 0-0475 0:0475 45 0-47 0-47 
77-4 0-063 0-063 42-5 0-57 0-58 
74-8 0-078 0-079 40 0-69 0-69 
70 0-108 0-110 35 1-04 1-02 
66-1 0-137 0-136 32-75 1-35 1-43 
62-5 0-172 0-172 30 1-90 1-85 


The points at which one section intersects with the adjacent §. 


section have been calculated with one exception. In certain cases, 
it is found that the third and fourth sections have no point in 
common, and this indicates a discontinuity the position of which 
can be fixed only by reference to the curves. 

The points of intersection vary from ester to ester, but lie within 
0-75 per cent. of the mean; a divergence which would be accounted 
for by quite a small experimental error. 

The average values for the three points of intersection calculated 
are 79, 63-6, and 36-7 per cent. methyl alcohol. The fourth point 
of intersection can be calculated in two cases and is found to occur 
at 48-1 per cent. methyl alcohol. In the remaining four cases this 
point should be given by the intersection of the section extending 
from 64 to 50 per cent. methyl alcohol and that section extending 
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tom 45 to 37 per cent. methyl alcohol, but the value of k in 45 
cent. methyl alcohol is so low that the value is smaller than 
ratie the value required if the point at 45 per cent. was on the section 
#4 to 50 per cent. methyl alcohol. This would seem to indicate 

Fia. 1. 
ding Methyl butyrate. 


and 0-426} , 


awl 0-346 ‘ 
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0-026" —g5.————O5SS*~*~*«~ Bb 
Methyl alcohol per cent. —> 


nt § 2 Minimum in the curve in this neighbourhood. The points of : 

ag, fy utersection for each ester are shown in Table V : 

in TABLE V. 

ch Ester. Points of intersection (per cent. methyl alcohol). 3 
7 Pre 78-9 63-7 47-5 36-5 2 

; igoButyrate .......sessceseeeeee 79-2 63-6 a 36-2 : 

FIND es innnicenssnneroheren 79-0 63-6 i 37-0 i 

ad TEND, ncssvavdgebeceiaceses 79-4 63-2 sip 36-1 ; 
0-Chlorobenzoate...-...-.++- 78:8 63-5 48-1 36-9 3 

J p-Chlorobenzoate ......+-++++ 78-8 64-0 48-1 37-4 ‘ 

it It will be seen that these values are in close agreement with 

ir | those demanded by the hydrates 2CH,-OH,H,0, CH,-OH,H,0, 

3 CH,-OH,2H,0, and CH,-OH,3H,0, which require the percentage 

g compositions 78-1, 64, 47-1, and 37:2 per cent. methyl alcohol, 

respectively. 
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The evidence thus seems to point strongly to the existence of 
certain hydrates of methyl alcohol and it is difficult to explain 
away as a mere coincidence the occurrence of so many points of 
inflection at such compositions of the solvents as would represent 
the simplest complexes. 


Fic. 2. 
Methyl butyrate. 

4-335 
3°535 

} 7) 
2°735 

ne 

1-935 F 
1-135 + ot / 

r —-" 

4 en ‘ 1 

—— 52-5 45 37-5 


Methyl alcohol per cent. —> 


EXPERIMENTAL. 


The methyl alcohol was obtained from a commercial spirit by 
purification according to the method described by Regnauld (Ann. 
Chim., 1885, [vi], 4, 431); it was found, however, that if 1,300 c.c. 
of the spirit were heated under reflux with 500 grams of freshly 
burnt lime and 26 grams of sodium hydroxide for eighteen hours, 
fractionated, and then subjected to the treatment with iodine, the 
quantity of iodine required per litre was reduced to about half 
(50 grams). 

The methyl alcohol-water mixtures were prepared and stored 
in the manner described for the ethyl alcohol-water mixtures. 

The methyl esters were prepared by the usual methods and purified 


ce of 
Plain 
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by two distillations. Methyl p-chlorobenzoate was recrystallised 
from dilute methyl alcohol until it melted at 43°. 

The standard solutions of alkali, acid, and ester were prepared 
in the manner previously described. 

The experiments were carried out at 30° + 0-05°; no modifications 
in the methods previously described were required. 


TABLE Via. 


Methyl n-butyrate. 
30 Per cent. methyl alcohol. 
a = 0-00787; b = 0-003316. 


Methyl o-chlorobenzoate. 
84-9 Per cent. methyl alcohol. 
a = 0-04726; b = 0-03333. 


HCl = 0-00949N. HCl = 0-02452N. q 


Time Time i 

(mins.). 2x. k. (mins.). @. k | 
10 0-001879 4-5 49 0-00311 0-44 
15 0-002563 4-55 78 0-00495 0-46 
20 0-003103 4:5 107 0-00660 0-47 
27 0-003768 4-6 137 0-00810 0-46 
32 0-004061 4-45 167 0-00924 0-46 
39 0-004420 4-3 197 0-01040 0-46 
49 0-004888 4-3 257 0-01203 0-43 
57 0-005289 4-55 288 0-01322 0-44 
68 0-005606 4-60 318 0-01415 0-44 
Mean 4-50 Mean 0-45 

Ester saponified = 84 per cent. Ester saponified = 42-45 per cent. 
TaBLE VIO. 


Methyl o-chlorobenzoate. 


Methyl n-butyrate. 
70 Per cent. methyl alcohol. 


70 Per cent. methyl alcohol. 


Cestere CKOH- k. Cesters CKOH- k. 
0-01666 0-:04560 0-170 0-01666 0-02517 0-125 
0-01666 0-:03357 0-165 0-01666 0-03357 0-130 
0-:03333 0-03357 0-165 0:03333 0-03357 0-129 
0-03333 0-01589 0-163 0:03333 0-01589 0-130 

TaBie VII. , 
Methyl n-butyrate. 
Per cent. 
alcohol. CKOH- Cester+ Limit k. k. 

90 0-:07146 0:04444 0:0245—0:027 0-026 

84-9 0:04726 0-:03333 0:0485—0:0505 - 0-0495 

82-5 0:06782 0:04444 0-055 —0-058 0-057 

80 0-03198 002222 0-064 —0-071 0-069 

77-4 0-03717 os 0-092 —0-098 0-094 

75-25 0-03823 s 0-105 —0-110 0-109 

70 0-:04560 0:01666 0-16 —0-17 0-165 

66-1 0:02227 os 0:20 —0-21 0-205 

62-5 0-02357 i 0:24 —0-265 0-255 

60 0-02148 0-01333 0-325 —0-365 0-335 

55 0-61623 0:00833 0-42 —0-46 0-44 

50 0-01625 is 0-57 —0-605 0-59 

45 0-01928 i 0-71 —0O-74 0-72 

42-5 0-01708 os 0-86 —0-89 0-885 

40 0-01728 a 1:05 —1-10 1-07 

35 0-00805 0-00330 1:90 —2-04 1-98 

32°75 0-01332 0:00583 2:65 —2-95 2°85 

30 0:00787 0:00332 43 —46 4:5 


4x*2 
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Per cent. 


alcohol. 


Per cent. 
alcohol. 


90 


Per cent. 
alcohol. 


90 
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CKOH- 
0-07146 
0-04629 
0-06782 
0-03518 
0-03617 
0-03712 
0-03228 
0-02227 
0-02357 
0-02097 
0-01640 
0-01575 
0-01928 
0-01708 
0:01728 
0-01349 
0-01322 
0-:01448 


CKOH- 
0-07146 
0-04726 
0-06782 
0-03518 
0-03717 
0-03823 
0-04560 
0-02227 
0-02357 
0-02097 
0-01623 
0-01625 
0-01928 
0-01708 
0-01666 
0-01479 
0-01396 
0-00864 


CKOH- 
0-07146 
0-04629 
0-06782 
0-03518 
0-03717 
0-03712 
0-03228 
0-02227 
0-02357 


Taste VIII. 


Methyl isobutyrate. 


Cester> 
0:04444 


0-03636 
0-02222 


0-01666 


0-01333 
0-00833 
0-00828 
0-00833 


0-00583 


TABLE IX. 
Methyl benzoate. 
Cester: 
0:04444 
0-03333 
004444 


0-03636 
0-02222 


0:01666 


0-01333 
0-00833 


0-00583 
0-00334 


TABLE X. 


Methyl m-toluate. 


Cester- 
0-04444 


” 


0-03636 
0-02222 


0-01666 


9 


Limit k. 
0-0135—0-0160 
0-0315—0-034 
0-0375—0-039 
0-046 —0-049 
0-061 —0-065 
0-075 —0-081 
0-105 —0-110 
0-135 —0-140 
0-165 —0-175 
0-21 —0-23 
0-305 —0-32 
0-40 —0-43 
0-46 —0-49 
0:56 —0-60 
0-685 —0-70 
1:00 —1-10 
1-25 —1-40 
1:80 —1-95 

Limit k. 
0-010 —0-011 
0-021 —0-023 
0-023 —0-024 
0-030 —0-032 
0-041 —0-0435 
0-047 —0-049 
0-0685—0-0705 
0-087 —0-0915 
0-105 —0-110 
0-14 —0-15 
0-205 —0-23 
0-31 —0-33 
0:33 —0-36 
0-43 —0-46 
0-50 —0-54 


0-86 —0-935 
: —1-15 


1-10 
1:55 —1-65 


Limit k. 
0-0073—0-0080 
0-014 —0-016 
0-0175—0-0185 
0-020 —0-0225 
0-0315—0-0335 
0-034 —0-0365 
0-051 —0-054 
0-068 —0-065 
0-077 —0-082 


k. 
0-0145 
0-0325 


Oror 
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Per cent. 
alcohol. 
60 
55 
50 
45 
42-5 
40 
35 
32-75 


30 


Per cent. 

alcohol. 
90 
84-9 
82-5 
80 


Per cent. 
alcohol. 
90 


CKOH- 
0-02097 
0-01641 
0-01575 
0:01928 
0-01708 
0-01641 
0-01349 
0-01396 
0-01448 


CKOH- 
0-07146 
0-04726 
0-06782 
0-03518 
0-03717 
0-03823 
0-02517 
0-02227 
0-02357 
0-02148 
0-01623 
0-01625 
0-01690 
0-01928 
0-01697 
0-01331 
0-01322 
0-00864 


CKOH- 
0-07146 
0-06782 
0-04013 
0-03717 
0-03712 
0-03228 
0:02227 
0-02357 
0-02097 
0-01641 
0-01575 
0-01690 
0-01708 
0-01697 
0-01349 
0-01322 
0-01448 


TABLE X (continued). 


Methyl] m-toluate. 


”? 


Cester- Limit k. 
0-01333 0-10 —0-11 
0-00833 0-135—0-145 
2 0-19 —0-22 
a 0-23 —0-25 
ina 0-295—0-325 
- 0-40 —0-42 

0-00583 0-62 —0-65 
5 0-905—0-93 
om 12 —1:3 

TABLE XI. 

Methyl o-chlorobenzoate. 

Cester: Limit k. 
0-04444 0-0245—0-027 
0-03333 0-043 —0-047 
0-:04444 0-052 —0-055 
0-03636 0-060 —0-063 
0-02222 0-082 —0-085 

« 0-095 —0-099 
0-01666 0-125 —0-135 
Wi 0-165 —0-180 
a 0-205 —0-22 
0-01333 0-265 —0-29 
0-00833 0:35 —0-36 
s 0-46 —0-49 
a 0-615 —0-665 
aR 0-71 —0-745 
0-00849 0-82 —0-86 
0-00583 1-33 —1-39 
- 1:55 —1-65 
0-:00328 2:18 —2-34 
TaBLeE XII. 
Methyl] p-chlorobenzoate. 

Cester: Limit k. 

0-04444 0-0365—0-037 

- 0-0835—0-086 
0-02222 0-10 —0-11 
- 0-13 —0-14 

- 0-16 —0-18 
0-01666 0-21 —0-23 
* 0-27 —0-30 

- 0-355 —0-37 
0-01333 0-40 —0-45 
0-00833 0-57 —0-59 
o 0:75 —0-78 

- 0-98 —1-03 

& 1-11 —1-19 
0-00825 1-20 —1-40 
0-00583 2:05 —2-25 
- 2-80 —3-0 
3-45 —3-65 
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k. 
0-107 
0-140 
0-20 
0-24 
0-31 
0-41 
0-635 
0-915 
1-25 


b. 
0-025 
0-045 
0-053 
0-061 
0-0835 
0-097 
0-130 
0-175 
0-21 
0-27 
0-355 
0-485 
0-65 
0-73 
0-835 
1-34 
1-58 
2-28 
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Summary. 


(1) The velocity of saponification of six methyl esters in a number 
of methyl. alcohol—-water mixtures has been determined and the 
reaction shown to be strictly bimolecular. 

(2) The curve showing the relation between the velocity coefficient, 
k, and the percentage composition of the solvent mixtures is divisible 
into five linear sections. 

(3) The points of intersection of the linear sections occur at such 
compositions of the solvent that solvent complexes are indicated. 

(4) A comparison is drawn between the data obtained from 
physical measurements on the solvent mixtures and those obtained 
from the velocity measurements and it is found that certain 
peculiarities are common. 

(5) The relative velocities of saponification of methyl esters to 
methyl benzoate and of ethyl esters to ethyl benzoate are compared 
and these relative velocities are found to be identical provided there 
is no substituent in the acid radicle in close proximity to the carboxy] 

residue. 
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CCCVIII.—The Preparation of the Isomeric Methoxy- 
benzyl Bromides. 


By Joun Batpwin SHOESMITH. 


THE isomeric methoxybenzyl bromides were first obtained by 
Spath (Monatsh., 1913, 34, 1995), who employed in their preparation 
the reactions summarised in the following scheme : 


OH Me,SO, OMe 25% 
CeHi<oHO “zou” CeHa<CHO “zon 
OMe HB OMe 
CoHs<cy,.0H —> Ci<cH. pr 


The present communication gives details of methods which were 
employed in order to obtain the intermediate compounds in better 
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yields and with greater certainty than was formerly possible. 
Improved methods are given for the preparation of the hydroxy- 
benzaldehydes, o-hydroxybenzyl alcohol (saligenin), and p-methoxy- 
penzaldehyde (anisaldehyde). 

The hydroxybenzaldehydes are obtained by hydrolysing the 
dichlorinated tolyl carbonates with formic acid, with a mixture of 
formic and oxalic acids, or with sodium acetate in alcoholic solution. 
The ortho-compound hydrolyses directly to salicylaldehyde, whilst 
the meta- and para-compounds yield the aldehyde carbonates, 
(0(0-C,H,°CHO),. Boiling sodium bisulphite solution completes 
the hydrolysis. These reagents are much more convenient than the 
calcium carbonate and water at 5 atmospheres pressure recommended 
by Raschig (D.R.-P. 233631). 

Salicylaldehyde is best converted into o-methoxybenzyl alcohol 
by reduction to saligenin and subsequent methylation. In the case 
of the meta- and para-compounds the order of the reactions is 
reversed. 

p-Methoxybenzaldehyde (anisaldehyde) is prepared by oxidising 
amethole with chromic and sulphuric acids. Anethole is oxidised by 
sdium chlorate directly to anisaldehyde, the intermediate glycol 
not being produced. This is in agreement with the results of similar 
oxidations carried out by Hofmann (Ber., 1912, 45, 3329; 1913, 46, 
1657). 

Direct halogenation of the tolyl methy] ethers results in the forma- 
tion of a mixture of nuclear and side-chain substituted halogen 
compounds from which methoxybenzyl halides cannot be isolated. 


EXPERIMENTAL. 
Chlorination of the Tolyl Carbonates. 


The tolyl carbonates were prepared by the general method of 
Holleman and Hoeflake (Rec. trav. chim., 1916, 36, 261). Carbonyl 
chloride was passed into a 10 per cent. solution of the sodium tolyl- 
oxide until precipitation of the carbonate was complete. The ortho- 
and para-compounds gave the carbonates at once. m-Cresol gave the 
intermediate tolyl chloroformate, Cg,H,Me-O-COCI, which was con- 
verted into the carbonate by heating it with the equivalent amount 
of m-cresol dissolved in rather more than the theoretical quantity 
of caustic soda. The carbonates were all carefully crystallised from 
alcohol. 

When the w-chlorotolyl carbonates, CO(O-C,H,°CH,Cl),, were 
hydrolysed, the resulting hydroxybenzy] alcohols were never isolated 
owing to their remarkable tendency to resinify in presence of acids. 
Chlorine was therefore passed into the vigorously stirred, molten 
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carbonate at 170—180° until a gain in weight of 60 per cent. of the 
original compound had taken place. Slight hydrolysis of the 
carbonate occurred in all cases, and an odour of carbonyl chloride 
was perceptible. To prevent unnecessary tarring at this stage, the 
carbonates had been freed from chloroformate by recrystallisation 
from alcohol. The chlorinated compounds show a tendency to 
crystallise when kept at room temperature for some time, but 


attempts to separate pure compounds have met with little or no} 


success. 

o-Methoxybenzyl Bromide. Hydrolysis of Dichlorinated o-Toly| 
Carbonate.—This product was found to contain 36-6 per cent. of 
chlorine hydrolysable with alcoholic potash (C,;H,,O0,Cl, requires 
Cl = 37-3 per cent.). 

(a) Hydrolysis with formic acid. Twenty-five grams of the 
viscous chlorinated carbonate were boiled with 200 c.c. of 80 per 
cent. formic acid for two hours, hydrogen chloride being evolved. 
The deep red solution was diluted with 500 c.c. of water, and the 
salicylaldehyde * distilled in steam and purified by extraction with 
ether and conversion into the bisulphite compound. A yield of 
40 per cent. of the theoretical was thus obtained. 

(6) Hydrolysis with formic and oxalic acids. Twenty-five grams 
of the oil were boiled with a mixture of 75 c.c. of 80 per cent. formic 
acid and 35 grams of anhydrous oxalic acid. The aldehyde was 
then separated and purified as before. The yield was slightly 
improved. 

(c) Hydrolysis with sodium acetate. Twenty-five grams of the 
oil were boiled with 75 c.c. of alcohol, 15 grams of anhydrous sodium 
acetate, and 25 grams of sodium acetate crystals for two hours, 
sodium chloride being precipitated. The alcohol, now contaminated 
with ethyl acetate, was as far as possible distilled off, the residue 
diluted with five parts of water and acidified, and the aldehyde 
distilled in steam. This method gave by far the best yield (60 per 
cent.) of purified aldehyde. 

o-Hydroxybenzyl Alcohol_—Twelve grams of redistilled salicyl- 
aldehyde were emulsified by shaking with 100 c.c. of water, and 
300 grams of 1-5 per cent. sodium amalgam added in small quantities. 
The spent amalgam was continuously removed and excessive 
alkalinity was avoided by the gradual addition of 25 grams of 
sodium bicarbonate. When the yellow colour due to the presence 


* When this aldehyde and related aldehydes derived from resorcinol are 
mixed with Schiff’s reagent, the normal reaction appears to be the precipita- 
tion of yellow hydrated Schiff’s bases, and not the formation of the usual 
soluble red dye (Wieland and Scheuing, Ber., 1921, 54, [PB], 2527). This 
point is undergoing further investigation. 
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of aldehyde had disappeared and the evolution of hydrogen was 
marked, the solution was cooled in ice and the saligenin, which 
crystallised in almost the theoretical yield, was filtered off and puri- 
fied by shaking it in water solution with animal charcoal for three 
hours. After filtration, extraction with ether, and recrystallisation 
from ligroin, the sample melted at 86°. The method of purification 
was that adopted by Hart and Hirschfelder (J. Amer. Chem. Soc., 
1920, 42, 2680). The saligenin was methylated and converted 
into o-methoxybenzyl bromide by the methods of Lapworth and 
Shoesmith (T., 1922, 124, 1392). The bromide thus prepared 
crystallised from light petroleum in colourless, six-sided plates, 
m. p. 46°. 

as ethoxybenzyl Bromide. Hydrolysis of Chlorinated m-Tolyl 
Carbonate——m-Tolyl carbonate after chlorination was found to 
contain 35:5 per cent. of hydrolysable halogen. The details set 
out below must be followed carefully to ensure a good yield of 
m-hydroxybenzaldehyde. 

(a) Hydrolysis with formic acid. Twenty-five grams of the oil 
were hydrolysed with 100 c.c. of 80 per cent. formic acid as in the 
case of the o-tolyl compound. The impure m-aldehydophenyl 
carbonate, which was completely precipitated by addition of 150 c.c. 
of water to the cooled solution, was rapidly hydrolysed by freshly 
prepared, boiling aqueous sodium bisulphite. The filtered solution 
was acidified and steam-distilled to remove sulphur dioxide, the 
aldehyde extracted with ether, and the ethereal solution evaporated 
after neutralisation with sodium carbonate to destroy any trace of 
acid. The m-hydroxybenzaldehyde (yield 40 per cent.) was re- 
crystallised from boiling water (yield 25 per cent.) and it then melted 
at 103—104°. A sample prepared from m-nitrobenzaldehyde 
melted at 104°. ' 

(6) Hydrolysis with formic and oxalic acids. The same quantities 
were used as in the case of the ortho-compound ; hydrolysis, yielding 
the aldehyde carbonate, was complete in one and a half hours. 
Subsequent hydrolysis with bisulphite solution gave the hydroxy- 
aldehyde in slightly better yield than that obtained in (a). 

(c) Hydrolysis with sodium acetate. The same quantities were 
used as in the preparation of salicylaldehyde, but the improvement 
in the yield was not so marked in this case. 

There are no further details to add to those already communi- 
cated on the conversion of this aldehyde into m-methoxybenzyl 
bromide. 

p-Methoxybenzyl Bromide. Hydrolysis of Chlorinated p-Tolyl 
Carbonate—A summary of the yields given by methods employed 
is all that is necessary in this case. Formic acid alone and formic 
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and oxalic acids gave in each case a yield of 40 per cent. of the 
theoretical. Sodium acetate and alcohol gave a yield of 50 per cent, 

p-Methoxybenzaldehyde (Anisaldehyde).— Nitric acid alone 
(Cahours, Annalen, 1845, 56, 307) or diluted with acetic acid 
(Labbé, Bull. Soc. chim., 1899, [iii], 21, 1076) oxidised anethole too 
violently to produce anisaldehyde in good yield. 

Fifty grams (3 mols.) of anethole, emulsified in 500 c.c. of water 
and 10 grams of kieselguhr, were oxidised by adding a solution of 
50 grams (more than 4 mols.) of chromic acid in 80 c.c. of water so 
slowly that the temperature did not rise above 28°. <A faint odour 
of acetaldehyde was perceptible. The mixture having been stirred 
for half an hour, when the temperature was once more normal, a 
well-cooled solution of 80 grams (6 mols.) of sulphuric acid in 100 c.c. 
of water was added during one and a half hours. The temperature 
of the mixture gradually rose to 27° and the colour changed to green. 
When the temperature had fallen to 16—18°, the kieselguhr was 
filtered off and washed twice with ether. The main solution was 
shaken four times with ether, the mixed ethereal extracts were 
washed free from anisic acid with 5 per cent. caustic soda solution, 
most of the ether was evaporated, and the residual impure anis- 
aldehyde converted into the bisulphite compound, which was filtered, 
pressed, and washed free from unoxidised anethole with alcohol. 
The aldehyde, liberated from a warm, aqueous solution of the 
bisulphite compound by concentrated sodium carbonate solution, 
was extracted with ether, dried, and distilled. Half the expected 
aldehyde was obtained in a pure condition. 

The semi-oxidised mixture which was extracted by alcohol from 
the bisulphite compound gave a further 5 per cent. of aldehyde. 
Anisic acid (8 per cent.) was liberated by acid from the alkali 
washings above. 

Oxidation of Anethole by Sodium Chlorate —A solution of 4-5 grams 
of anethole (3 mols.) in a mixture of 80 c.c. of acetone, 40 c.c. of 
5 per cent. sodium chlorate solution (2 mols.), and 4 c.c. of 2 per 
cent. osmic acid solution was boiled at 65° for ten hours, 2 c.c. of the 
solution being titrated at regular intervals with silver nitrate 
solution. At the end of the time stated, the quantity of chloride 
in the dark solution was constant, that is, the reaction 


30Me-C,H,CH:CHMe + 2NaCl0, —> 
30Me-C,H,COH + 3CH,:CHO + 2NaCl 


was complete. The acetone was then evaporated off and the 
aldehyde isolated from the residue as in the previous case, 2-2 grams 
of the pure aldehyde being obtained along with a trace of anisic acid. 

Experiments carried out since the last communication (Lapworth 


able 
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and Shoesmith, Joc. cit.) on the conversion of this aldehyde into 
p-methoxybenzyl bromide * bear out the necessity for a second 
reduction with alcoholic potash of the anisyl alcohol produced from 
this aldehyde by Cannizzaro’s method. A solid anisyl alcohol was 
thus obtained. The bromide itself, which resulted on passing dry 
hydrogen bromide into the benzene solution of anisyl alcohol, was 
found to be very pure and crystallised in long needles. These needles 
are extremely sensitive to the action of moist air, and the bromide 
only existed as such for a few moments after removing into the 
atmosphere. 

Chlorination of the Tolyl Methyl Ethers Chlorine was passed in a 
slow stream into the tolyl methyl ethers for half an hour. The 
introduction of cold air with the chlorine maintained the temper- 
ature at 40°. The quantity of hydrogen chloride not carried away 
mechanically was found in no case to exceed 0-10 per cent. The 
total halogen was estimated by the method of Carius, the hydrolys- 
able halogen by boiling for half an hour with 10 per cent. alcoholic 
potash and estimating volumetrically the potassium chloride so 


produced. 


The results are summarised. 
Chlorine hydrolysable com- 
pared with 


Compound Free Total . 
chlorinated. HCl. chlorine. Total Cl. Total compound. 
Per cent. Per cent. Per cent. Per cent. 
ortho. Nil 31-4 19-0 5-98 
meta. 0-01 22°3 8-8 1-96 
para. 0-10 29-2 24-8 7-20 


When the ethers were exposed to the glare of a mercury vapour 
lamp the results were unaltered. 


The author wishes to express his gratitude to Prof. A. Lapworth, 
F.R.S., who supervised his work in the Manchester University, and 
to the Advisory Council of the Department of Scientific and Industrial 
Research for a grant which enabled him to undertake the investi- 


gation. 


* The marked difference in lachrymatory properties between m-methoxy- 
benzyl bromide and the very easily hydrolysed, non-lachrymatory para- 
isomeride finds a parallel in the vesicant properties of B8’-dichlorodiethyl 
sulphide and its non-vesicant, easily hydrolysed isomeride, aa’-dichloro- 
diethyl sulphide (Bales and Nickelson, T., 1922, 121, 2137). 
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CCCIX.—-Condensation of Diphenylformamidine wit) 
Phenols. PartI. A New Synthesis of B-Resorcyl. 
aldehyde. 


By Joun Batpwin SHoEsMITH and JoHN HALDANE. 


THE condensation which takes place when diphenylformamidine js 
heated with compounds containing an active methylene group 
was first pointed out by Dains (Ber., 1902, 35, 2504). As an 
example of this may be quoted the condensation of the amidine 
(I) with acetylacetone, which probably takes place in two stages, 
The intermediate compound (II) is never isolated, aniline being 
liberated at once. 


(I.) CH(:NPh)-NHPh +-CH,(COMe), —> CH(NHPh),“CH(COMe), (I) 
—> CH(NHPh):C(COMe), (111.) +- NH,Ph. 


Anilinomethyleneacetylacetone (III) is isolated in almost quanti- 
tative yield. 

This type of reaction appears to be a very general one and has 
been extended by Dains and his co-workers (J. Amer. Chem. Soc., 
1909, onwards) to a large number of similar compounds. 

The present investigation has shown that condensation also takes 
place between diphenylformamidine and resorcinol. Aniline is 
liberated and a solid compound results. The course-of the reaction 
is represented thus : 


C,H, (OH), OH OH 
Mia sien,” ‘a \ 
+ ae ie, A /JOH+NH,Ph 
CH(:NPh)-NHPh CH(NHPh),  CH:NPh 


(IV.) 


The crude condensation product, which consists essentially of the 
Schiff’s base (IV) of @-resorcylaldehyde, unchanged resorcinol, and 
diphenylformamidine, is hydrolysed by boiling caustic soda and 
-resorcylaldehyde can thus be obtained in a very simple manner. 

It is, however, necessary to say that the structure to be assigned 
to compound (IV) is not yet decided. Its physical and chemical 
properties show that it is slightly different from the Schiff’s base of 
the aldehyde which was prepared by Dimroth and Zoeppritz (Ber., 
1902, 35, 995) by another method. 

The present communication details the method of preparing 
B-resorcylaldehyde in appreciable yield; the extension of the 
method to other phenols and the constitution of the intermediate 
compound are reserved for further investigation. 
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ExPERIMENTAL. 


Diphenylformamidine.—This was prepared by boiling together 
aniline and formic acid (Weith, Ber., 1876, 9, 454). Forty grams 
(I mol.) of 80 per cent. formic acid were mixed with 160 grams 
2} mols.) of aniline. The water which was present in the original 
acid together with that produced in the reaction was distilled away 
through a fractionating column. The head of the column was fitted 
with a device for trapping the water so soon as it reached the top. 
After four hours’ gentle boiling, the temperature was raised until 
60 c.c. of aniline had distilled over. The residual diphenylformami- 
dine solidified on cooling and after recrystallisation from alcohol 
melted at 137° (yield 63 grams). 

Condensation of Diphenylformamidine with Resorcinol._—A long 
series of experiments has shown the following to be the best con- 
diticns for the preparation of B-resorcylaldehyde by this method. 

A finely powdered mixture of 5 grams (1 mol.) of carefully dried 
resorcinol with 9 grams (1 mol.) of diphenylformamidine was heated 
ina small, thin-walled flask,* totally immersed in the vapour of 
boiling water to ensure a temperature of 100°. The mixture first 
liquefied ; solid appeared after five hours’ heating. At the end of 
six hours, the condensation product was dissolved in 50 c.c. of hot 
12—15 per cent. caustic soda solution, the liberated aniline distilled 
with steam, and the cooled filtered solution made slightly acid with 
dilute hydrochloric acid. The small quantity of resin here preci- 
pitated was separated and extracted with 20 c.c. of boiling water. 
The extract was added to the main solution, from which a saturated 
solution of aniline hydrochloride (15 c.c.) precipitated $-resorcyl- 
aldehyde as the hydrochloride of the hydrated Schiff’s base, 
C,H,(OH),*CH(OH)-NHPh,HCl. After one hour, the hydrochloride 
was collected and the base remaining in the filtrate was precipitated 
by adding a saturated solution of sodium acetate. The free base 
was filtered off, mixed with the hydrochloride, and the whole 

hydrolysed with caustic soda solution. The liberated aniline was 
removed with steam, the bright red solution acidified, and the 
aldehyde, extracted with ether (yield 45—50 per cent. of the 
theoretical), was recrystallised from hot water. It was identified 
by mixed melting-point determinations (135—136°), the deep brown 
colour given by ferric chloride to its aqueous solution, the feathery 
needles of its phenylhydrazone, the oxime of melting point 192°, 
and the peculiar yellow precipitate which it gives with Schiff’s 


reagent. 


* It is hoped to publish details of this simple thermostat shortly. 
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The method of purification adopted is very much better than any 
involving the use of sodium bisulphite solution. 

Condensation under other Conditions —The same quantities of 
resorcinol and diphenylformamidine were heated at 130° for one 
and a half hours, and the hydrolysis was carried out as before, 
Acid, however, precipitated a considerable quantity of red needles, 
which were characterised as the dialdehyde of resorcinol, 
C,H,(OH),(CHO),, m. p. 126° (Tiemann and Lewy, Ber., 1877, 10, 
2211). They represented 25 per cent. of the resorcinol; a smaller 
quantity (25—30 per cent.) of monaldehyde was isolated from the 
acid solution, whilst the resin present represented 30—40 per cent. 
The aldehyde was difficult to purify. 

When the condensation was effected at 100° for nine hours, 40 per 
cent. of the expected monaldehyde, a trace of dialdehyde, and 
25—30 per cent. of the resinous compound were produced. 

An increase in the quantity of resorcinol used caused a corte. 
sponding increase in the amount of aldehyde produced. 

The effect of moisture on this condensation is remarkable. The 
free hydrated Schiff’s base which is probably formed in the con- 
densation in presence of moisture was found to decompose at 100° 
in the impure condition into aniline and a resin. This caused the 
yield of monaldehyde to be very poor whenever precautions were 
not taken to dry the resorcinol before use. Under these conditions, 
it is interesting to point out the as yet inexplicable formation of 
dialdehyde. 

Five grams of resorcinol (which had not been dried in any way), 
on condensing with 9 grams of diphenylformamidine, gave 25 per 
cent. of the monaldehyde, 27 per cent. of the dialdehyde, and resin 
representing 20 per cent. of resorcinol. 

Distillation with steam in the absence of caustic alkali is not a 
practicable method of removing the aniline from the Schiff’s base 
produced in the condensation. This is due to the decomposition of 
the hydrated Schiff’s base by moisture at 100°, as already stated. 
The resin obtained dissolves afterwards in caustic alkali with a deep 
red colour, but does not appear to be a definite compound. 


Summary. 


(1) Diphenylformamidine and resorcinol condense together on 
heating with liberation of aniline. The condensation product, 
hydrolysed by caustic alkali, yields aniline and £-resorcylaldehyde. 

(2) The method by which the best yields of £-resorcylaldehyde 
may be obtained is described and the deleterious effect of moisture, 
too long heating, and condensation at too high a temperature 
pointed out. 
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The authors wish to state that the suggestion that such a con- 
densation might take place was due to Prof. A. Lapworth, F.R.S. 
They also wish to thank the Advisory Council of the Department of 
Scientific and Industrial Research for grants which enabled each of 
them in turn to undertake these investigations. 
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OCCX.—Use of the Salts of the Arylsulphonhalogeno- 
amides in the Estimation and Todination of 
Phenols. 

By Etwyn Roserts. 

THE arylsulphoniodoamides of the alkali metals, Ar-SO,-NIM, 

recently prepared by the author (this vol., p. 849) are a highly 

convenient source of hypoiodous acid, which is slowly formed by 
the hydrolysis of their aqueous or alkaline aqueous solution, and 
can be used for iodination of certain organic compounds : 


Ar-SO,*NIM + H,O = Ar-SO,-NHM + HIO. 


| the 
were The iodination of phenols by any of the many methods which have 
ons been proposed is solely due, as Cofman (T., 1919, 115, 1040) has 


demonstrated, to the hypoiodous acid or hypoiodite contained 
in the reagent. In place of the salts of iodoamides as a source of 
hypoiodite, mixtures of a chloroamide, such as ‘“ chloramine-T ” 
and potassium iodide or a bromoamide, such as potassium p-toluene- 
sulphonbromoamide and potassium iodide, may be used, for hypo- 
chlorous acid and potassium iodide (Klimenko, Z. physikal. Chem., 
1897, 23, 552, 558; Bray, ibid., 1906, 54, 563) have been proved 
to yield hypoiodous acid ; the same is probably true of hypobromous 


of acid and potassium iodide. 
ed. With phenol, salicylic acid, and resorcinol, these reagents give 
ep as a first stage tri-iodo-derivatives, which undergo in time further 


change. The salts of arylsulphonchloro- and -bromo-amides used 
alone, on the other hand, show no arrest at a trihalogen derivative, 
but effect a more profound transformation. 

The iodination of phenols (phenol, salicylic acid, resorcinol, «- 
and @-naphthols) as a means of estimating phenols in solution has, 
in spite of the work of many chemists, proved disappointing; a 
quantitative relation has been found only for a few phenols, and 
then only within very narrow limits of concentration and under 
carefully defined conditions (Messinger and Vortmann, Ber., 1890, 
23, 2753; Kuster, Ber., 1894, 27, 1905; Richard, J. Pharm. Chim., 
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1902, [vi], 15, 217; Pence, J. Ind. Eng. Chem., 1911, 3, 820; Wilkie, 
J. Soc. Chem. Ind., 1911, 30, 398; 1912, 31, 208; Vortmann, Ber,, 
1923, 56, [B], 234). A solution of iodine in aqueous potassium 
iodide, made sufficiently alkaline, is the reagent generally recom. 
mended. One of the reagents above named, preferably “ chlor. 
amine-T ” and potassium iodide, is for this purpose more convenient, 
especially for the estimation of phenol and salicylic acid, when accur- 
ate results are obtained over a wide range of concentrations. It 
is not, however, more widely applicable than the commonly used 
reagent, With «- and $-naphthols and resorcinol, the concentra- 
tions of the solutions affect the extent of the reduction of the hypo- 
iodous acid. The further oxidation of iodinated phenols is similar 
with both reagents; thus tetraiododiphenylenequinone (Wilkie, 
loc. cit.) is the final product of the reaction with phenol and salicylic 
acid. 

From o-nitrophenol a new mono-iodonitrophenol, m. p. 80—81°, 
probably 4-iodo-6-nitrophenol, has been prepared. From the 
product of iodination by other methods, 2 : 4-di-iodo-6-nitrophenol 
has alone been isolated (Korner, Jahresber, 1867, 617; Datta and 
Prosad, Amer. Chem. J., 1917, 39, 441), as it is doubtful if the 
mono-iodonitrophenols melting respectively at 90—91° and 66—67° 
described but not analysed by Busch (Ber., 1874, 7, 462) are pure 
materials, for they are not identical with either of the products 
obtained by Brenans (Compt. rend., 1902, 134, 357), in the nitration 
of o-iodophenol, which are taken to be 2-iodo-6-nitrophenol (m. p. 
110°) and 2-iodo-4-nitrophenol (m. p. 86—87°). 


EXPERIMENTAL. 


Estimation of Phenol and Salicylic Acid.—Five c.c. of the aqueous 
phenol solution, or of salicylic acid (the potassium salt), containing 
0-025 gram (1 mol.), are pipetted into 25 c.c. of 2:5 per cent. potass- 
ium iodide solution. An accurately weighed quantity (at least 
3 mols. equivalent) of the halogenoamide salt of known halogen 
content is then added, which dissolves with slight liberation of 
iodine. The salts, p-CH,-C,H,SO,-NXM, where X = Cl, Br, I; 
M = K or Na, were used. The whole is warmed at 60° and main- 
tained at this temperature for five minutes. At first the colour 
of the iodine deepens and then fades as iodination ensues. The 
solution, which is now clear and yellow in colour, is cooled and then 
acidified with dilute sulphuric acid, when tri-iodophenol is pre- 
cipitated. This is collected and well washed with aqueous potassium 
iodide and with water; the iodine in the filtrate, which represents 
the excess of halogenoamide salt used, is titrated with N /10-thio- 
sulphate. 
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If the period of heating is prolonged, it is observed that after 
thirty minutes the apparent amount of phenol increases by about 
| per cent.; this is in part due to volatilisation of iodine and also 
probably to slight oxidation of the methyl group by hypohalogen 
acid. 
The iodination of phenol and salicylic acid (potassium salt) 
(1 mol.) by the iodoamine salt, o-CH,C,H,SO,"NKI,H,O (4 mols.), 
in aqueous solution in the cold reaches first the tri-iodophenol, but 
finally the tetra-iododiphenylenequinone stage (Wilkie, loc. cit. ; 
Vortmann, loc. cit.). The first stage has been attained in twenty-four 
hours, but subsequently the precipitation from the hitherto clear 
solution of the reddish-purple tetra-iododiphenylenequinone marks 
the advent of the second stage. It is very remarkable that during 
this second stage in the oxidation the titre of the solution remains 
constant (compare Wilkie, loc. cit.; Vortmann, loc. cit.). 

a- and 8-Naphthols—An identical method was used in an attempt 
to estimate «- and 8-naphthols, but proved of little value. Only 
with given concentrations, and a fixed period of heating, could 
definite ratios (1 : 1-75) be secured (compare Messinger and Vort- 
mann, loc. cit.; Kuster, loc. cit.). On addition of the halogenoamide 
salt to the «-naphthol (potassium salt) solution, a dark violet, 
amorphous powder was immediately precipitated. A similar 
precipitate was obtained with a sulphonbromoamide salt alone, 
but chloramine-T gave a violet coloration only (Found : I = 17-22. 
C,H,I-OH requires I = 47-01 per cent.). §-Naphthol yields 
during the period of heating a green, amorphous precipitate. 

Resorcinol.—The method is also of little value for estimating 
resorcinol (compare Richard, loc. cit.; Pence, loc. cit.). Addition 
of a halogenoamide salt to a neutral aqueous solution of resorcinol 
in the presence of potassium iodide gives a solution the dark colour 
of which becomes more intense on warming. On acidification, 
a dark brown, amorphous precipitate, which appears to be identical 
with that obtained from tri-iodoresorcinol (see below), is thrown 
down [Found: I = 42-53. C,H,I(OH), requires I = 53-32 per 
cent. ]. 

2:4:6-Tri-iodoresorcinol, C,HI,(OH),, was first prepared by 
Michael (Ber., 1876, 9, 1752) and later by Claisen (Ber., 1878, 11, 
1442). We find that the best method of preparation is to mix 
quickly a solution of 1 gram of resorcinol (1 mol.) with a solution 
of 24 grams of potassium iodide (4} mols.) in 200 c.c. of water, and 
a solution of 8 grams of chloramine-T (3 mols.) in 1800 c.c. of water. 
Air is bubbled rapidly through the mixture and very dilute acetic 
acid (10 c.c. of glacial acetic acid diluted to 200 c.c. with water) 
run in fairly rapidly, whereupon a slate-coloured material is pre- 
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cipitated. This compound, which is possibly a tri-iodoresorcino] 
periodide, is filtered off, washed, pressed, dried, and then quickiy 
dissolved in glacial acetic acid containing potassium iodide crystals, 
and after the free iodine has been decolorised with alkaline sulphite 
the solution is diluted rapidly with water. The white precipitate 
is filtered off, washed with water, dried, and dissolved in warm 
carbon disulphide; this solution is filtered from a minute quantity 
of a dark chocolate-brown, amorphous material, and then allowed 
to crystallise. Tri-iodoresorcinol separates in white, needle-shaped 
crystals, m. p. 154°; the yield is 47 per cent. of the theoretical. 

Tri-iodoresorcinol (potassium salt) was oxidised by hypoiodous 
acid, namely, by warming at 60° for five minutes with two mols. 
of a halogenoamide salt in presence of potassium iodide, to a dark 
brown solution. On cooling and acidifying, a dark brown, amorphous 
precipitate was thrown down which was very difficult to filter. 
The brown product was redissolved in alkali, the solution diluted 
largely with water in order to keep in solution any sulphonamide 
formed on acidifying from the excess of halogenoamide salt, and 
then reprecipitated by acidifying with dilute sulphuric acid. It 
was filtered off, washed with water, and dried (Found: I = 42-10 
per cent.). It will be noted that 5 mols. of halogenoamide salt 
(equivalent to 10 atoms of iodine) are required to convert resorcinol 
into the brown product. 

4-Iodo-6-nitrophenol, NO,*C,H,;I-OH.—A mixture of 10 grams of 
o-nitrophenol dissolved in 800 c.c. of N/10-potassium hydroxide 
solution (1 equiv.), a solution of 75 grams of potassium iodide in 
4,000 c.c. of water, and 40 grams of chloramine-T was heated at 60° 
for thirty minutes. The solution was afterwards cooled and acidified, 
being stirred meanwhile, with a solution of 100 c.c. of glacial acetic 
acid in 1,000 c.c. of water. The precipitate obtained consisted of a 
mixture of iodo-derivatives together with p-toluenesulphonamide; 
it was filtered off, well washed with water, pressed, and steam- 
distilled for about eight hours; a little iodine which adhered to 
the solid and came over on distillation, was removed by alkaline 
sulphite from the mixture of iodo-derivatives, which were thus 
separated from the non-volatile sulphonamide. 2 : 4-Di-iodo-6- 
nitrophenol was but slightly volatile with steam and in the main 
was left in the residue in the distilling flask, from which it could be 
isolated. ‘The crude mixture of volatile iodo-derivatives (15 grams) 
was dissolved in 1,500 c.c. of warm N/10-potassium hydroxide (1 
equiv.). Separation was effected by fractional precipitation of the 
cooled solution, which was well stirred meanwhile, by very gradual 
addition of N/10-hydrochloric acid. A first fraction, which melted 
at 72—77°, was obtained after addition of 1,125 c.c., and a second 


or 


~~ 
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fraction, melting at 46—95,° on acidification. The latter, which 
might have contained 2-iodo-6-nitrophenol as well as 2: 4-di-iodo- 
g-nitrophenol, could not be easily separated into fractions. The 
first fraction, after being filtered, washed with water, and pressed, 
was dissolved in 750 c.c. of N/10-potassium hydroxide, in which 
it was more easily soluble than the initial product. To the cool, 
yell-stirred solution, N’/10-hydrochloric acid, in all 625 c.c., was 
again added drop by drop. It is to be noted that in both pre- 
cipitations about one-half the hydrochloric acid was added before 
separation began. The final product weighed 5 grams after washing 
and drying, and melted at 79—81°. From alcohol it crystallised 
in long, yellow needles, m. p. 80—81° (Found: I = 48-64. 
(,H,O,NI requires I = 47-89 per cent.). On acidification in the 
second fractionation, a second precipitate, melting at 58—67°, was 
obtained. All attempts at isolation of 4-iodo-6-nitrophenol by 
fractional crystallisation from various media of the mixture or of 
salts prepared therefrom, were unsuccessful. 

The potassium, sodium, and ammonium salts of 4-iodo-6-nitro- 
phenol were prepared by dissolving the iodonitrophenol in alcoholic 
solutions of the alkalis, or in a warm aqueous 10 per cent. alkali 
and allowing to crystallise. The potassium salt forms red prisms, 
the sodium salt long, red needles, the ammonium salt short, red 
needles. The salts decompose explosively on heating with deposi- 
tion of carbon ; the ammonium salt decomposes in the air, the crystals 
falling to a powder and ammonia being evolved. 

The benzoyl derivative, NO,°C,H,I-OBz, is best prepared by dis- 
solving 0-2 gram of the substance in a little ether, adding the equiva- 
lent of pyridine (0-2 c.c. approx.), followed by addition of an ethereal 
solution of benzoyl chloride (1 equiv.). The ether is evaporated 
on the water-bath, the residual oil extracted with dilute hydro- 
chloric acid, and the white, solid residue filtered off, washed with 
water, and dried. It crystallises from alcohol in long, flat plates, 
nm. p. 102—103°. 

The acetyl derivative, prepared in the usual way, is an oil. 

2 : 4-Di-iodo-6-nitrophenol, C,H,I,*NO,, can be readily prepared : 
(a) by adding a solution containing 12 grams of potassium iodide 
and 6 grams of chloramine-T (3 equivs.) to a solution of 1 gram of 
o-nitrophenol in 80 c.c. of N/10-potassium hydroxide (1 equiv.) 


}and boiling the mixture for two hours. The cooled solution is 


acidified with acetic acid and the precipitate recrystallised twice 
from alcohol; (6) by adding a solution of 5 grams of potassium 
iodide in 5 c.c. of water to a solution of 1 gram of o-nitrophenol 
(1 mol.) and 3-5 grams of p-toluenesulphondichloroamide (2 mols.) 
in 40 c.c. of glacial acetic acid, and heating the mixture on the water- 
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bath for ten to fifteen minutes. On dilution, a mixture of iody 
derivatives is obtained from which the di-iodo-derivative (m, 
98°) is obtained by two recrystallisations from alcohol. By either 
process 1 gram of o-nitrophenol gave 1 gram of di-iodo-derivatiye 
but the yield can be increased by using excess of chloramine] 
or p-toluenesulphondichloroamide and the corresponding quantity 
of potassium iodide. 

Potassium Toluene-p-sulphonbromoamide, 

CH;°C,H,SO,-NKBr,2H,0. 

—Chattaway (T., 1905, 87, 145 et seq.) states that the best metho) 
of preparing this bromoamide salt is by dissolving p-toluenesul. 
phondibromoamide in warm 10 per cent. caustic potash and alloy. 
ing to crystallise. A convenient method of preparation of this salt, 
which was used in the above experiments, is to cover 10 grams of 
p-toluenesulphonamide with 40 ¢c.c. of water, and then add 4 cg, 
of bromine (20 per cent. excess); the amide dissolves on mixing. 
Fifteen c.c. of strong caustic potash solution (50 per cent. by weight) 
are gradually stirred into the mixture, when the whole dissolves with 
slight rise of temperature, forming a clear solution. On cooling, 
potassium toluene-p-sulphonbromoamide crystallises out in a pure 
state (yield 85 per cent.) (Found: Br = 24-32. Calc., Br = 24-65 
per cent.). 


The author desires to thank Professor Orton, F.R.S., for the interest 
he has taken in this work. 


University CoLLEGE or NortH WALEs, Banaor. 
[Received, August 17th, 1923.) 
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Constitution of Benzene. By RoNALD FRASER. 


FURTHER consideration of the structure of benzene which the author 
has recently proposed (T., 1922, 121, 188) has made it clear that 
it cannot be accepted as it stands: and for two reasons. (1) The 
evidence in favour of a static formula (loc. cit., p. 188) is based on 
false argument; the ultra-violet absorption spectrum of benzene 
points indubitably to the presence of oscillatory electrons in the 
molecule. Vibration of the crowded central electrons (vide photo- 
graph of model, loc. cit.) seems incompatible with stability. (2) The 
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suthor considers that evidence of some value was advanced (p. 191) 
for the tetrahedral form of the carbon octet, which is now generally 
Badopted. Nevertheless, the complicated system of sharing among 
the central electrons which results from the adoption of this form 
‘Bmakes the stability of the arrangement very doubtful. 

Thus the closely packed orientation of the six central electrons 
Hannot be maintained; they must be regarded as situated at dis- 
tances from the centre of the molecule comparable with its average 
radius; definite electron sharing between carbon atoms in the 
yara-relation is no longer possible. This granted, the guiding 
principle used in evolving the author’s original structure, namely, 
symmetry consistent with electron-sharing on the Lewis-Langmuir 
theory, leads immediately to substantially the same arrangement, 
for the resting state of the molecule, as those of Kaufmann (“ Die 
Valenzlehre,” p. 539), Sir J. J. Thomson (Phil. Mag., 1921, [vi], 
44, 521), Kermack and Robinson (T., 1922, 121, 427), and Crocker 
(J. Amer. Chem. Soc., 1922, 44, 1618). Whether such an arrange- 
ment is two- or three-dimensional can be satisfactorily decided 
only by conclusive experiment. 

It may be mentioned that the structure originally proposed has 
heen adversely criticised (compare Ann. Rep., 1922, 19, 87; Science 
Progress, 1923, 17, 548), on the ground that the ortho-positions 
were separated; this objection does not, of course, apply to the 
fnal arrangement.—CHEMISTRY DEPARTMENT, UNIVERSITY OF 
ABERDEEN. ([Received, May 29th, 1923.] 
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Solubility of Sodium Chiorate. By Hucu CuEsTER BELL. 


In connexion with some experiments on the supersaturation of 
solutions of analytically pure sodium chlorate it became necessary 
to know with some precision the solubility of this salt in water. 
The data quoted in Landolt and Boérnstein’s tables, from the 
results of Kremers and Graebe, yield a curve showing an inflection 
between 20° and 40°. It was therefore of interest to explore this 
temperature region more carefully. 

The results obtained indicate that Kremers’s figures are too 
high, due probably to the fact that his solutions were not effectively 
stirred during cooling. Equilibrium in a solution below 40° is 
only slowly attained. 

From the figures given below, the solubility curve appears to be 
very nearly a straight line from 10° to 100°, which would on extra- 
polation give a melting point of the pure solid 245°. According 
to Retgers, the melting point is 248°. 
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Poppe (Jahrb. Min., 1914, Beil. Bd., 38, 363) finds the solubility; 
at 30° to be 51-12 per cent. of chlorate. 

In these determinations a solution of sodium chlorate, saturate, 
at the boiling point, was stirred vigorously in an electrically con 
trolled thermostat at the required temperature for about threg 
hours. The temperature was read on a certified thermometer and 
was constant to at least 0-02°. A weighed sample was the 
evaporated in a conical flask by immersing this in a bath at 100 
and gently distilling benzene on to the surface of the liquid. Jy 
about fifteen minutes the salt was obtained in a thin crust over 
the bottom of the flask. A shallow layer of benzene was they 
poured into the flask, which was subsequently heated in an air. 
oven at 120° until its weight was constant. The necessary buoyancy 
corrections were made to the observed weighings. 


Temperature .........++. 0° 10° =620° Ss 25° 30° 35° 40° —s 100° 
NaClO, per cent. of 
POPE \cceveccsvcusses 44-32 46:70 48-95 50-13 51-30 52-38 53-54 67-10 


Guy’s Hosrrrat Mepicat Scuoont, Lonpoy, 8.E.1. [Received, 
August Tth, 1923.] 


Esterification of Oxalic Acid. By Pavirra Kumar Dott. 


CONSISTENTLY good yields of oxalic esters, except methyl oxalate, 
can be obtained by passing the vapour of the requisite alcohol 
through ordinary hydrated oxalic acid until all the water has been 
driven over with the distilled alcohol. The residue is then purified 
by distillation in the ordinary way. 

Ethyl Oxalate—Through a boiling mixture of commercial oxalic 
acid (250 grams) and absolute ethyl alcohol (500 c.c.), contained 
in a flask fitted with an inlet tube, dipping in the liquid, and a 
four-bulb column, the vapour of 2000 c.c. of absolute alcohol is 
passed during about eight to nine hours. Fractional distillation 
of the product yields 225—230 grams (78—80 per cent. of the 
theoretical amount) of ethyl oxalate, b. p. 180—182°/740 mm. 

Methyl Oxalate—The yield of this ester obtained from 250 grams 
of hydrated oxalic acid and 2000 c.c. of absolute methyl alcohol 
is usually 105—108 grams (45—46 per cent.), m. p. 49—51°. It 
can be obtained quite pure, m. p. 54°, by crystallising once from 
spirit. The yield is not improved by using a larger quantity of 
alcohol, and is appreciably diminished by using less. 

n-Butyl Oxalate-——The flask contains 100 grams of commercial 
oxalic acid and 100 c.c. of n-butyl alcohol, and the vapour of 500 
c.c. of the same alcohol is passed through the boiling mixture. 
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The water in the distillate forms a distinct layer at the bottom, 
and the reaction is complete when no more comes over (about two 
hours). The yield of the ester, b. p. 239—240°/740 mm., is 144 
grams (90 per cent.). 

isoAmyl Oxalate-——Only a moderate yield of this ester is obtained 
(53 per cent.) by carrying out the operation as previously described, 
a good deal of decomposition taking place at the temperature of 
boiling amyl alcohol. The reaction proceeds very smoothly under 
reduced pressure (100—150 mm.) and at the temperature of the 
water-bath, 100 grams of oxalic acid and about 300 c.c. of com- 
mercial amyl alcohol yielding 155 grams of the ester (85 per cent.), 
b. p. 260—262°/740 mm. 

Most of the experiments described above have been carried out 
by Mr. Harold Howson, to whom the author’s thanks are due.— 
THe University, Lereps. [Received, May 17th, 1923.] 


Electrolytic Generator for Pure Hydrogen. By Viscount ELVEDEN 
and Eric SINKINSON. 


A CONVENIENT and trustworthy generator for the supply of pure 
hydrogen in connexion with the measurement of hydrogen-ion 
concentrations is as follows. Ten electrolytic cells are connected 
electrically in series. Each cell is composed of an outer “ boiling- 
tube ” 12 inches in length and 1? inches in diameter, and an inner 
tube 12 inches by ? inch which is open below and is fitted axially 
into the outer tube by a waxed cork which also carries the anode 
and a tube for the escape of oxygen. Through a stopper at the top 
of the inner tube pass the cathode and a tube 2 inches long for the 
delivery of hydrogen. The electrodes are of pure nickel wire of 
No. 10 gauge, and are bent so that one wire forms the cathode of 
one cell and the anode of its neighbour. The electrolyte is a satur- 
ated solution of barium hydroxide. The cells, preferably mounted 
on a stand in two banks of five, deliver hydrogen to a common 
main. The pressure of hydrogen in each cell should be no greater 
than is necessary to allow of half an inch of electrode being covered 
by the baryta in the inner tube. In order to regulate this, the 
common main is connected to a wash-bottle fitted with an adjustable 
inlet tube. The pressure is controlled by the depth of immersion 
of the inlet tube in dilute sulphuric acid in the wash-bottle. If 
the pressure is too great, the electrolyte will be forced below the 
end of the electrode and arcing will result. 

A refinement introduced to destroy traces of methane that 
might possibly be present consists in passing the gas through a 
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tungsten filament lamp heated by a current which causes it to 
glow without melting the filament when the lamp has been com. 
pletely filled with hydrogen. This fitting can be made from ap 
ordinary lamp of suitable voltage; or a special lamp fitted with 
inlet and outlet tubes may be obtained cheaply. 

The generator is connected in series with a resistance of 70 ohms 
to the mains at 220 volts; it then consumes 1-5 amperes and delivers 
6 litres of hydrogen per hour.—[ Received, June 7th, 1923.] 


A New Method for the Resolution of Asymmetric Compounds—A 
Reply. By Jutivus BreREND CoHEN. 


In the absence of my friend and co-worker, Mr. A. Shimomura, 
I take the responsibility of replying to a criticism of the above 
paper (T., 1921, 119, 1816) by McKenzie and Smith which appeared 
in the last issue of this Journal (p. 1967). McKenzie and Smith 
have confirmed our observation that the menthyl ester of inactive 
mandelic acid yields a small amount of levorotatory phenylchloro- 
acetic acid by the action of thionyl chloride or phosphoric chloride; 
in other words, by replacement of one group in an inactive substance 
by another under asymmetric conditions, an active product can be 
obtained. The observation, so far as I know, is new, and that is 
all Mr. Shimomura and I set out to show. The criticism of McKenzie 
and Smith turns entirely on the interpretation of this observation. 
We offered no explanation; they call it “displacement racemis- 
ation,” and no doubt their explanation is sound as far as it goes ; 
but it involves the phenomenon of racemisation, of which we know 
little, and the Walden inversion, of which we know less. They 
then proceed to point out the very obvious fact that if “ displace- 
ment racemisation ” is excluded, that is to say, the very phenomenon 
upon which our experimental evidence is based, no active product 
would result. But this is surely begging the whole question, and 
does not affect in the smallest degree our claim to the discovery of 
a new method for resolving asymmetric compounds, a fact which 
they themselves confirm.—THE Or@anic CHEMICAL LABORATORIES, 
Tue University, Lezps. [Received, September 6th, 1923.] 
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THE ADIABATIC COOLING OF WATER, ETC. 2717 


CCCXI.—The Adiabatic Cooling of Water and the 
Temperature of its Maximum Density as a Function 
of Pressure. 


By Nicotar AnronovircH PusHIN and ELIJAH VASILJEVICH 
GREBENSHCHIKOV. 


THE changes of temperature of water on adiabatic compression 
or expansion have been already investigated (see E. Cohen and 
W. Schut, “ Piezochemie kondensierter Systeme,’”’ 1919, pp. 143— 
152). Putting aside all criticism of the older works, some of which 
are only of historical interest, we may say that the results 
differ widely and that they are all obtained for pressures below 
500 kgm./em.?. Recently, however, Bridgman (Proc. Amer. Acad., 
1912, 48, 355) has calculated theoretically the value of the co- 
efficient of adiabatic cooling for pressures up to 12,000 kgm./cm.?. 

As the method adopted by us in the investigation of the equilibria 
under high pressures (Pushin and Grebenshchikov, J. Russ. Phys. 
Chem. Soc., 1912, 44, 112) enabled us to determine experimentally the 
change of temperature of a substance due to an adiabatic change 
of its volume, we resolved to determine the coefficient of the 
adiabatic cooling of water at various temperatures for pressures 
up to 4000 kgm./cm.?. 


ExPERIMENTAL. 


The cylinder was of Tammann’s type (Tammann, “ Kristal- 
lisieren und Schmelzen,’’ 1903, p. 201), and was placed in a ther- 
mostat filled with paraffin oi! or some other suitable liquid. The 
substance to be investigated was put in a glass tube, g (Fig. 1), 
placed in the cylinder, k, and separated by mercury, /, from the liquid, 
d (usually castor-oil), which transmitted the pressure. The tem- 
perature in the thermostat was controlled within + 0-01° by means 
of an electric heater. The temperature of the substance was 
measured by means of an iron-nickeline thermo-element, e, which 
was sealed in the upper end of the glass tube, g. The wire of the 
thermo-element within the glass tube was very thin, in order to 
increase as much as possible its sensitiveness to changes of tem- 
perature. The junction was in the centre of the tube. Since the 
deflection of the galvanometer occupied only a few seconds, and 
the liquids and glass tube were very poor conductors of heat, 
the temperature of the surroundings could not influence the records 
of the galvanometer to any marked extent. The outer ends of 
the thermo-element passed through a stopper, a, to a thermostat 
filled with melting ice, and were connected to the terminals of 
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a sensitive reflecting galvanometer. The deflections of the galvano- 
meter were automatically recorded on a photographic paper by 
the recording pyrometer of Kurnakov, and were also followed by 
direct observation. A compensation apparatus was inserted in 
the circuit of the galvanometer, so that measurements could be 
made with the same precision at various temperatures. 

The pressure was measured by means of a Bourdon gauge from 
Schaffer and Budenberg, Magdeburg-Buckau, who also supplied 
the cylinder and the pump. With this gauge we were able to 


Fig. 1. 


a—ivory stopper 
b—steel stopper 
c—steel washer 


d—castor oil 
e—thermo-element 
f—investigated substanco 
g—glass tube 

h—trubber ring 

i—thread 

j—glass cup 

k—body of the chamber 
/—mercury 


a 


measure pressures up to 6000 kgm./cem.? with a precision of 5—3 
kgm. /cm.?. 

Before the changes of temperature during the adiabatic process 
were recorded, two or three constant temperatures were registered 
on the photographic paper. Thus before the adiabatic changes 
at 25° were determined, the constant temperatures 24-00° and 
26-00° were recorded on the paper. In that interval a millimetre 
of the galvanometer scale corresponded to 0-0136°. Determinations 
were then made at the desired temperature, both with adiabatic 
compression and adiabatic expansion. On the whole the deter- 
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minations by means of adiabatic expansion yielded more trust- 
worthy results than those by means of compression, especially at 
high pressures, since the expansions occupied only one or two 
seconds, whilst the compressions required more time. The effects 
of adiabatic expansion were measured as follows. 
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hy 5 2000 
0 


00 -— 


Fito 
so 4000 15100 20100 30\00 


Coefficient of adiabatic cooling of water as a function of pressure. 


After the temperature in the cylinder, as shown by the records 
of the galvanometer, had become constant, the reading of the 
pressure gauge was recorded by one observer. After releasing the 
compressing plug to a suitable extent, he opened quickly the valve 
which separated the plug from the cylinder and immediately 
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closed it again. The pressure in the cylinder diminished and the 
observer noted the new record of the gauge. Meanwhile, the other 
observer read the galvanometer which recorded the changes of 
temperature of the liquid; as a control these were also recorded 
photographically. 

Experimental Resulis—Tables I—V and Fig. 2 show the 
results of the determination of the coefficient of the adiabatic 
cooling, and heating, of water, (di/dp),, at 0°, 25°, 37°, 54°, and 80°. 
In the tables, p is the mean value for the pressures at the beginning 
and at the end of the adiabatic process, Ap the difference between 
these two values,* and At the change of temperature of water, 
which corresponds to a change of pressure of 1 kgm./cm.? at 
a pressure p. It should be noticed that the values for (dt/dp), 
shown in the tables do not refer to the temperatures 7’ = 0°, 25° 
37°, 54°, and 80°, but to the temperature t—At/2 for the coefficient 
of cooling, and to the temperature ¢t + At/2 for the coefficient of 
heating, which differ, although only slightly, from ¢. 


TABLE I. 


Change of temperature of water in adiabatic compression at 0°. 


ap (kg./ p (kg. / (3), 193, 4? (kg./ P (sg. (an) 5108 


cm.?), At. cm.”). \dp cm.?). At. em.” 
—0-0750° 141 —96 125 —0-0025° rei 
—0-:0637 213 —85 137 +0-0262 704 
—0-0512 286 — 66 240 +0-1337 883 
—0:0438 360 —52 180 +-0-1275 1050 
—0-0375 463 —30 210 -+0-2012 1230 
—0-2262 470 —30 


TABLE II. 
Change of temperature of water in adiabatic expansion at 0”. 


Ap (kg./ p (kg./ (2%) 195, Ap (kg./ P (is / ART 
em.?). At. cm.*), lap i 10°. cm.?). At. dp), x10. 
—575 +0:2713° 388 —47 —115 —0-0262° ~~ +23 
—400 +0-1562 400 —410 —0-1600 835 +39 

—60 -+-0-0185 430 —362 —0-3113 1181 +-86 
—50 ++0-0112 480 2 —388 —0-4613 1534 +119 
—50 -+0-0087 525 —482 —0-7087 1936 -++147 
—35 +0-0012 568 —405 —0-6600 2352 +163 
—50 0:0000 600 —335 —0-6213 2708 +185 
—40 —0-0012 630 {-¢ —305 —0-5701 3002 +187 
—43 —0-0063 666 + 
The curve (dt/dp), was investigated at 0° up to 3155 kgm./cm.” 
by adiabatic expansion and up to 1125 kgm./cm.? by adiabatic 
compression. The results of the two series of: determinations 
* The initial and final pressures, p, and p,, recorded by the gauge before 
and after the adiabatic process are given by the equations p, = p + Ap/2; 
P2 = p — Ap/2. 
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agree satisfactorily. With increasing pressure, (dt/dp), at 0° 
increases continually from — 0-00096 at 141 to + 0-00187 at 
3000 kgm./cm.?, whilst the curve bends obviously towards the axis 
of pressure. According to the calculations of Bridgman, the curve 
reaches a maximum at a pressure of 4000 kgm./cm.?. 


Changes of the Temperature of Maximum Density of Water with 
Changes of Pressure. 

Amagat (Ann. Chim. Phys., 1898, [vi], 29, 559) first noticed 
that the maximum density of water moved towards lower tem- 
peratures with increase of pressure. According to his determin- 
ations, the temperature of maximum density would fall to 0° at 
a pressure between 143 and 197 kgm./cm.?. Almost the same 
value was given by Lussana (Nuovo Cim., 1895, [iv], 2, 233), who 
found that the maximum density moves towards 0° at an approxi- 
mate pressure of 180 kgm. /cm.?. 

Bridgman in his investigations of the thermodynamic constants 
of water established the fact that at a temperature below 0° (about 
— 4°), water occupied a minimum volume at a pressure of 1500 
kgm./em.2. According to his determinations, a temperature of 0° 
corresponds to a maximum density of water at pressures between 
500 and 1000 kgm./em.? (Z. anorg. Chem., 1912, 77, 387). From 
our determinations of the function (dt/dp), it is, however, possible 


to determine precisely the pressure at which the maximum density 
of water is at 0°. 

The increase of temperature, A/, in an adiabatic process can 
be calculated thermodynamically from the equation 
T & 


ial 4 dtp SP» 

where 7' is the temperature at which the thermodynamic process 
goes on, C, is the specific heat of the substance at constant pressure, 
and (dv/dt), the coefficient of expansion of the substance at pressure 
p. From the equation it can be seen that substances which 
expand when heated (dv>0) became warmer when compressed 
(At>0), and colder when the external pressure diminishes, and 
conversely. When (dv/dt), = 0, no thermal effect takes place 
during adiabatic compression or expansion. In this case At = 0 
and (dt/dp),=90 also. This rule was excellently confirmed in 
the case of water, as can be seen from Tables I and II and from 
the photographs shown in Fig. 3. The tables show that the 
temperature 0° corresponds to a maximum density of water at 
600 kgm./cm.?._ Therefore every compression of water at 0° up 
to a pressure of 600 kgm./cm.? must be accompanied by a cooling 
of water, as is well shown, for example, by the curves 1, 2, and 3, 
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which refer to compressions from 102 to 180, from 175 to 250, 


and from 247 to 325 kgm./cm.*, respectively. In the case of com- tio 
pression at pressures greater than 600 kgm./cm.?, heating of water pr 
takes place, as shown in the curves 4, 5, and 6, which correspond & 


to a compression of water from 763 to 1003, from 960 to 1140, lin 
and from 1125 to 1335 kgm./cm.?, respectively. 


The adiabatic expansion of water, on the other hand, at pressures pr 
below 600 kgm./cm.? is accompanied by heating, as experiments Th 
7 and 8 show (expansion from 675 to 100 and from 600 to 200 = 
kgm./em.?)._ Under pressures above 600 kgm./cm.?, cooling occurs, pr 
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as is the case with every normal liquid [curves 9, 10, 11 (1728— 
1340, 1362—1000, 1040—630 kgm./cm.?)]. The curve (dt/dp), 
passes through zero at a pressure of 600 kgm./cm.?. 

Bridgman’s theoretical calculations, which are only expressed 
graphically, show that the function (dt/dp), passes through 0° 
at a pressure of about 100 kgm./cm.?. The other values of the 
curve at 0° also differ from the values for (dt/dp), which we have 
found, by an almost constant quantity + 0-0006, as can be seen 


from the comparison given below. of 
(dt dp), x 104 at 0°. at 
} rc liq 
Pushin and ite 
p. Grebenshchikov. Bridgman. A. 
| 500 —2-0 7 9 of 
1000 +-6-4 13 6-6 fro 
1500 11-7 18 6-3 It 
2000 15-3 21 6 
2500 17-5 23 5:5 
3000 19-1 25 6 
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Bridgman’s observations, however, do not agree with the supposi- 
tion that a maximum density of water at 0° corresponds to a 
pressure of 100 kgm./cm.?. According to his own observations, 
a maximum density at 0° corresponds to a pressure within the 
limits 500—1000 kgm. /cm.?. 

The lowering of the maximum density of water with increased 
pressure affords an explanation of certain geophysical phenomena. 
Thus the temperature of the deep sea is below +- 4°, a fact which 
cannot be explained if we do not take into consideration the 
pressure of the upper layers of water. It is interesting that the 
Challenger expedition * determined the temperature at the bottom 
of the ocean to be + 0-3° at a depth of 2800 fathoms (5100 m.). 
If we take into account that the density of water under a pressure 
of 500 kgm./cm.? and a salinity of 3-5 per cent. increases by about 
5 per cent., there will be at the depth of 5100 m. a pressure of 
535 kgm./em.?._ We can therefrom calculate that 0° corresponds 
to a pressure of 580 kgm./cm.?, a value which agrees fairly well 
with that obtained by us (600 kg./cm.*) 


TABLE ITI. 


Change of temperature of water with adiabatic change of its 
volume at 25°. 


Ap (kgm. / p (kgm. / s Ap (kgm./ p (kgm. / (= 5 
em.?), At. em.?). (3 4) x 10°. cm.?). At. cm.?), dp).* 10 
Compression. 

725 1-042° 607 144 423 0-952° 3214 225 
490 1-027 2330 210 330 =0-784 3935 237 
Expansion. 

390 0-498° 495 128 455 0-922° 2033 203 
507 0-680 569 134 400 0-835 2340 209 
458 0-677 731 148 565 =1-195 2507 211 
500 = 0-855 1045 171 430 0-933 2720 217 
460 0-807 1155 175 465 1-025 2992 221 
165 0-302 1367 183 263 30-641 3384 243 
425 0-799 1562 188 375 0-909 3388 243 
425 0-803 1627 189 440 ~=1-061 3770 241 
413 0-845 1954 204 195 0-468 4078 240 


From Table III and Fig. 2 it can be seen that the coefficient 
of adiabatic cooling increases constantly with increasing pressure 
at 25° just as at 0°, instead of diminishing as in the case of other 
liquids. At a pressure of about 3400 kgm./cm.? the curve changes 
its direction and goes almost horizontally. The relative heating 
of water (for a change of pressure of 1 kgm./cm.*) in the interval 
from 3400 to 4100 kgm./cm.? is nearly independent of the pressure. 
It must be remarked, however, that near a pressure of 3500 kgm./ 


* Report on the Voyage of the Challenger, 1873—1876, vol. I, p. 91. 
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cm.” there is the transition point from ice III to ice V (Bridgman, 
Proc. Amer. Acad., 1911, 47, 524; Z. anorg. Chem., 1912, 77, 
377). It is possible that to the various modifications of water 
in the crystalline state, various degrees of association of liquid 
water correspond. With the help of such a supposition the change 
in the direction of the curve (dt/dp), can be explained. 


, 
TABLE IV. 
Change of temperature of water by adiabatic expansion. 
At 37°. 
Sp (kgm. / p (kgm./ (a x 105, 4? (kgm. / p (kgm. / | 105 

cm.?*), At. em.*). \dp/, * -em.?), At. cem.”). \dp/,“ * 
500 1-348° 435 270 415 1-140° 2308 275 
315 0-886 818 281 375 1-060 2678 283 
400 1-125 1150 281 415 1-180 3048 285 
363 1-004 1507 277 315 0-916 3873 291 
465 1-314 1892 282 

At 54°. 
385 1-408° 642 366 525 1-690° 2312 322 
385 1-392 1008 361 560 1-867 2825 331 
425 1-457 1388 343 270 0-856 3715 318 
505 1-712 1822 339 

At 80°. 
335 1:577° 418 471 ' 453 1-846° 1719 408 
430 1-972 765 459 455 1-809 2588 397 
560 1-539 1230 436 462 1-761 3031 381 


The values for (dt/dp), obtained at 80° agree fairly well with 
the values calculated theoretically by Bridgman, as can be seen 
from the comparison given below. 


(dt |dp), x 104 at 80°. 


“ Pushin and - 

p. Grebenshchikov. Bridgman. A. 
1000 44-5 46 —1:5 
1500 42-3 43 —0-7 
2000 40-6 40 +0-6 
2500 39-2 38 +1-2 
3000 38-2 37 | +1-2 


From Table V and also from Fig. 2 it is quite obvious that 
the value (dt/dp), at 0° and at 25° constantly increases with 
increased pressure and approaches a final value. At 37°, the value 
is almost independent of pressure within the limits from 1 to 
3500 kgm./em.?. At 54° and at 80°, the value diminishes with 
increasing pressure as it does for all other substances which we 
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TABLE V. 


The values for the function (dt/dp), at p = 1 kgm./cm.? are obtained 
by graphic extrapolation, all other values by graphic inter- 
polation of the experimentally obtained data. 


(dt /dp), x 10°. 
on nerternmeninnannenneeeanaminaaenataeieiate. 

p (kgm. /em.*). 0°. 25°. 37°. 54°, 80°. 
2 —130 +66 260 390 492 
500 — 20 +130 273 371 468 
1000 +64 167 279 357 445 
1500 116 188 279 344 423 
2000 150 203 279 335 406 
2500 173 213 279 329 392 
3000 189 223 284 325 382 

3500 242 293 322 


4000 240 


have investigated.* Therefrom we can infer that those qualities 
in which water differs at lower temperatures from most other 
substances vanish at temperatures of 54° and above. 


ELECTROTECHNICAL INSTITUTE, 
PETROGRAD. [Received, July 18th, 1923.] 


CCCXII.—Two Heterogeneous Gas Reactions. 


By Cyrit Norman HINSHELWOOD and CHARLES Ross 
PRICHARD. 


THE number of gas reactions which proceed without disturbance 
by the walls of the containing vessel is so limited that a homogeneous 
change must be regarded as an exceptional case. At high temper- 
atures the homogeneous reaction may predominate over the wall 
reaction owing to its greater temperature coefficient, and homo- 
geneous reactions obviously come into play in the propagation of 
explosion waves through gases, but, under conditions when the 
change is slow enough to measure, it must be recognised that chemical 
reactions between gases, and especially gaseous decompositions in 
which only one molecule is involved, take place more readily on 
most surfaces than in the gas phase. Since this must now be recog- 
nised as a general rule, the influence of the solid surface should 
not be dismissed as a “‘ disturbing factor,’”’ but some general explana- 
tion of it should be sought. The interest of the exceptional homo- 
geneous reactions is, however, only increased. 

It was proposed, therefore, to investigate various gas reactions 


* The results will be published separately. 
4 y* 
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which might a priori have been expected to be unimolecular, with 
the object of ascertaining whether they would be markedly catalysed 
by the walls of the glass containing vessel and thus conform to the 
general rule, or whether they would be homogeneous reactions, 
in which case their dynamics would be of special interest. The 
reactions studied were the thermal decomposition of hydrogen 
peroxide, and of sulphuryl chloride in the gaseous state, and the 
thermal decomposition of chlorine monoxide. Diazoacetic ester 
was also examined, but found to be unsuitable for quantitative 
measurements, as tarry deposits were formed. 

The decomposition of chlorine monoxide proved to be homo- 
geneous, and the results are described in the following paper (p. 2730), 
whilst the hydrogen peroxide reaction and the sulphuryl chloride 
reaction were found to be typical heterogeneous reactions the 
details of which are described below. 


The Thermal Decomposition of Hydrogen Peroxide. 


Hydrogen peroxide readily decomposes into water and oxygen 
and the reaction is irreversible, but its course in the gaseous state 
does not seem to have been followed. The range of investigation 
is limited by the fact that at above 80° the reaction is extremely 
rapid, whilst at low temperatures the saturation pressure of hydrogen 
peroxide is small. The method was to place in a glass bulb of about 
200 c.c. capacity a capillary containing a known weight of a 30 
per cent. solution of hydrogen peroxide (Merck’s perhydrol); the 
bulb was then evacuated and sealed off. The quantity of perhydrol 
was chosen so as to exert a pressure less than the saturation pressure 
of hydrogen peroxide at the temperature of the experiment. The 
bulb was then heated in a vapour-bath. The hydrogen peroxide 
boils off almost instantaneously, so that practically no decom- 
position can occur while it is in the vapour state. After a given 
time, the bulb was taken out, the tip broken under distilled water, 
and the undecomposed hydrogen peroxide estimated by titration 
with N/50-potassium permanganate. 

Preliminary experiments showed that carbon tetrachloride, b. p. 
76°, was a suitable liquid for the vapour-bath. 

The approximate unimolecularity of the reaction is shown by 
the following results made by successive fillings of the same bulb. 
When the decomposition was allowed to proceed in a bulb containing 
glass wool previously treated with nitric acid to remove free alkali, 
the experiments failed to detect any trace of undecomposed hydrogen 
peroxide even after exceedingly short heating. Thus it may be 
concluded that the reaction is so strongly catalysed by glass that 
it must be a typical wall reaction. 
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Temperature 76-0°. 
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Weight of Time of Per cent. 1 log 100 
hydrogen peroxide. heating. decomposed (x). ¢ 100— 2x 
0-0216 2 mins. 30 secs. 41-5 0-22 
0-0128 me Ps 71-5 0-31 
0-0130 a 82-0 0-41 
0-0230 Ss . Wr 87-0 0-32 
0-0180 ©; Be x 98-0 0-38 


The Thermal Decomposition of Sulphuryl Chloride. 


The equilibrium SO,Cl, == SO, -++ Cl, has been investigated by 
Trantz (Z. Elektrochem., 1908, 14, 534), who used a catalyst in 
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IV. Bulb B + glass rods. 
V. Bulb A + glass rods. 


I. Bulb A. 
II. Bulb B (pressure 180 mm.). 
III. Bulb B (pressure 790 mm.). 


order that equilibrium might be attained. It is evident from his 
results that the equilibrium lies on the side of almost complete 
decomposition above about 200°. It was therefore considered 
worth while to investigate whether the homogeneous reaction 
might set in at some temperature above 200°, where the rate of 
reaction might still be measurable. 

The pressure doubles during decomposition, so that the reaction 
was measured manometrically, the capillary leading from the 
reaction bulb to the mercury manometer being electrically heated to 


prevent condensation of the sulphuryl chloride, and filled with a 
4y*2 


2728 HINSHELWOOD AND PRICHARD : 


buffer of air to prevent the chlorine formed from attacking the 
mercury. This device proved quite satisfactory. 

The course of the reaction is shown by the curves in the figure. 

Curves IT and III refer to experiments in which the initial pressure 
of sulphuryl chloride was 180 mm. and 790 mm., respectively, and 
which were carried out in the same bulb, and show that the rate 
of reaction is independent of pressure. This is also shown by the 
following experimental data in which unimolecular velocity coeffi- 
cients are calculated. 

Temperature 283-5°. 


t p (mm. of _— Po t p (mm. of Pa Po 
(minutes). mercury), ¢ ““p,.—p (minutes). mereury), t “p,—p’ 
2-0 35 0-108 10-0 122 0-113 
4-0 66 0-114 15 150 0-118 

6-0 89 0-114 oe 180 — 


The effect of the walls of the reaction vessel may be seen by com- 
paring curves IT and III with curve I, which refers to a different 
bulb. Addition of fine glass rods to the bulb increased the reaction 
velocity in approximate proportion to the increased surface. This 
is illustrated by comparison of curve I with curve V and of curves II 
and III with curve IV. 

The addition of glass wool had the effect of diminishing the time 
required for the completion of half te reaction at 211° from 172 
minutes to 6-6 minutes. 

The influence of temperature is shown below. The experiments 
were carried out successively in: the same vessel. 


** Half-life ”’ Heat of 
Temperature. in minutes. Ratio for 10°. activation. 
ne "6 
i —. ¥ 2.06 35,000 cals. 
; = 1-85 34,000 
283 1-6 fj . ne 


In a vessel containing glass wool two successive experiments 
gave the results: at 211-5°, half-life 6-6 minutes; at 184°, half- 
life 35-5 minutes. From this the temperature coefficient for 10° 
over the range considered is 1-85. 


Discussion of Heterogeneous Reactions. 


When a molecule is adsorbed by a surface the forces between it 
and the molecules constituting the surface modify the internal 
forces in a way which is at present quite incalculable and must be 
entirely specific. Generally speaking, it might be expected that 
the stability would be increased as often as it is decreased. Yet 
the accumulation of observations showing that almost any gas 
reaction takes place more readily on a given surface such as glass 
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than in the homogeneous phase raises the question whether the 
operation of some general cause is not superimposed on the various 
specific influences. In the case of combinations in which two or 
more molecules are involved the encounter of two types is obviously 
facilitated by the more or less prolonged sojourn of one of them on 
the surface, but this factor is inoperative in the case of the simple 
unimolecular decompositions. It seems relevant, therefore, to ask 
whether one universal factor may not be simply the second law 
of motion. Consider a molecule composed of two parts, A and B, 
the disruption of which constitutes the decomposition of the mole- 
cule. Let B receive an impact from another molecule which 
imparts to it momentum directed away from A. The small inertia 
of A, however, enables it to follow B, without the development of 
much strain between the two. If, however, A were firmly enough 
held to a surface, its inertia might be so great that the accelerating 
force, instead of drawing A after B, would cause the disruption of 
the “bond” between them. The reluctance of homogeneous 
gas reactions to proceed might thus be due to the small inertia of 
the different parts of the molecules rendering disruption by collision 
very improbable. ‘This is only suggested as one of several 
possibilities. That it is a mechanical picture, whilst we now believe 
“ activation ’ to consist in the passage of an electron to an orbit 
of higher quantum number, is not a relevant criticism, since the 
results of work on the collision of electrons with gas molecules 
show that a definite correlation exists between quasi-mechanical 
and quantum processes. 
Summary. 


The velocity of thermal decomposition of hydrogen peroxide 
and of sulphuryl! chloride in the vapour state has been investigated. 
Both are found to be typical heterogeneous reactions taking place 
on the walls of the glass containing vessel, and following the uni- 
molecular law. The heat of activation for the sulphuryl chloride 
reaction is calculated from the results. 

It is pointed out that the almost universal occurrence of ‘“ wall ”’ 
reactions makes some general explanation desirable. A possible 
factor is discussed in the explanation of the greater ease with which 
“wall” reactions as compared with homogeneous reactions occur 
in gases. 


PuysicaAL CuHEmMistry LABORATORY, 
Battion CoLLEGE AND TRINITY COLLEGE, 
OxrorpD. (Received, August 13th, 1923.] 
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CCCXIII.—A Homogeneous Gas Reaction. The Thermal 
Decomposition of Chlorine Monoxide. Part I. 


By Cyrit Norman HINSHELWOOD and CHARLES Ross 
PRICHARD. 


Tue theory of the velocity of unimolecular chemical reactions in 
gases can scarcely be regarded as placed upon a sound basis until 
unequivocal examples of such changes have been found. Usually 
reactions which might at first sight have been expected to be 
unimolecular gas reactions proceed almost exclusively on the walls 
of the vessel up to temperatures where the rate of change becomes 
too great to be measurable with any precision, and complicating 
factors enter into the few remaining cases with the possible exception 
of the decomposition of phosphine at high temperatures, studied 
by Trautz and Bhandarkar (Z. anorg. Chem., 1919, 106, 95). Thus 
the thermal decomposition of ozone is homogeneous but bimole- 
cular (Chapman and Jones, T., 1910, 97, 2463), that of nitrogen pent- 
oxide appears to be autocatalytic and not to proceed in the absence 
of nitrogen peroxide (Daniels, Wulf, and Karrer, J. Amer. Chem. 
Soc., 1922, 44, 2402), and the decomposition of phosgene at high 
temperatures is proportional to the square root of the chlorine 
concentration, and therefore presumably dependent on collision 
between phosgene molecules and chlorine atoms (Christiansen, 
Z. physikal. Chem., 1922, 103, 99). 

We have made a preliminary investigation of the thermal decom- 
position of chlorine monoxide, and find that the change is a homo- 
geneous one, but that the decomposition occurs in consecutive 
stages, and the rate of reaction is dependent on pressure in such a 
way as to show that it is a collision effect and not a spontaneous 
unimolecular process. 

Apparatus.—The apparatus employed was very simple and is 
shown in Fig. 1. A few trials soon showed the impossibility of 
sealing without explosion even the finest capillary tip of a vessel 
containing chlorine monoxide. Consequently taps had to be 
employed. ‘The chlorine monoxide was prepared and liquefied in 
bulb A by cooling to —25°; from here it was allowed to boil off into 
the evacuated reaction bulb, B, by the ground joint, C, and the 
tap, D. Once in the reaction bulb, the slowness of diffusion through 
the capillaries prevented it from attacking the tap grease, and the 
mercury in the manometer was protected by a buffer of air between 
a and 6. The question of the chlorine monoxide and chlorine 
attacking the tap grease was tested by leaving the apparatus filled 
in the cold, when no appreciable change occurred, and also by 
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observing the constancy of the “ end-point ” of the reaction. The 
taps were not heated by the vapour-bath in which the reaction bulb 
was immersed, and were of capillary bore. The bulb was wrapped 
in tin-foil to exclude light. 

Preparation of Chlorine Monoxide.—The chlorine monoxide was 
prepared by passing chlorine over mercuric oxide previously heated 
at about 200°. It was liquefied and subsequently boiled off into 
the reaction bulb. The liquid dissolved considerable quantities 
of chlorine. It was found that the increase of pressure attending 
decomposition amounted only to about 75 per cent. of that to be 
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expected from the equation 2Cl,0 = 2Cl, + O,. At first this was 
attributed to decomposition of the oxide during the filling of the 
apparatus, but analysis of the gas which boiled off from the liquid 
showed that it contained about 25 per cent. of chlorine. It was 
soon found, however, that the rate of reaction was independent of 
the chlorine concentration, so that the gas containing chlorine was 
used. ‘The independence of the rate of reaction of chlorine con- 
centration was tested from about 30 mm. to 700 mm. Whether 
the relationships found would be modified in the complete absence 
of any chlorine initially will be dealt with in Part II of this paper. 

Course of the Reaction.—The rate of increase of pressure is shown 
by the curves in Figs. 2 and 3, and is seen to be markedly accelerated. 
The following is a typical record of an experiment made at 110-5°. 
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Pressure Pressure Pressure Pressure 
increase increase as increase increase as 
Time (mm. of °% of total Time (mm. of % of total 
(mins.). mercury). increase. (mins.). mercury). increase. 
0 0 0 45 168 60-4 
5 0 0 50 188 67-7 
15 3 1-1 65 232 83-5 
20 18 6-5 80 249 89-5 
25 47 16-9 102 263 94-6 
30 78 28-1 170 276 99-2 
38 121 43-5 280 278 100-0 
40 140 50-4 350 278 160-0 


The constancy of the final readings is a good guarantee that the 
taps were tight and that the chlorine did not diffuse round to the 
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The initial stages of the reaction are somewhat variable, but 
different experiments gave results which were reproducible after 
the first 10 or 15 per cent. This is illustrated by Fig. 2, in which 
the time origin is taken at a point corresponding to 30 per cent. 
of the final pressure increase ; the results of five independent experi- 
ments are here plotted and after a variable “induction ” period 
the points are seen to lie on a single curve in a very satisfactory 
manner. The experiments were made at 110-7°. In some cases a 
slight contraction was observed during the first few minutes amount- 
ing to about 5 mm. 

The possible causes of the acceleration are (a) autocatalysis, 
(b) consecutive reactions, (c) the presence of an inhibitor which is 
gradually destroyed, 
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Homogeneous Nature of the Reaction.—It may be concluded that 
the reaction must take place in the gaseous phase, since the addition 
of clean dry glass wool, which increases the surface of glass many 
times, has no influence on the velocity of the reaction, beyond 
modifying slightly the initial variable portion of the curve. Thus 
in Fig. 2, two of the five curves were obtained with bulbs filled with 
glass wool, and the others with simple bulbs of soda glass (110-7°). 
In Fig. 4, the curve obtained with glass wool in the bulb is exactly 
parallel to the others after the first 10 per cent. (131-3°). The 
slight initial influence cannot be definitely attributed to the glass 
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I. Cl,O — 220 mm., O, — 675 mm. IV. Cl,O — 250 mm., Cl, — 690 mm. 
It. Cl,O — 252 mm., no added Cl, or O,. V. Cl,O — 232 mm., O, — 720 mm. 
IIT. Cl,O — 242 mm., ,, eS Ss See 


wool, since curves with similarly shortened initial periods were 
sometimes obtained when no glass wool was added. Possibly the 
effect is due to minute traces of organic matter unavoidably intro- 
duced with it. 

Influence of Added Oxygen and Added Chlorine.—At first the 
acceleration was attributed to autocatalysis by the chlorine or 
oxygen produced in the reaction. Experiment, however, soon 
showed that addition of a five-fold excess of dry air, oxygen, or 
chlorine produced no appreciable effect; oxygen in excess had, 
if any, a very slightly retarding influence. Moreover, the accel- 
eration still persists in presence of excess of chlorine or oxygen; 
this disposes of the possibility that small quantities of these gases 
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might have a catalytic action and larger amounts no further influence, 
as seems to happen in the catalysis of the nitrogen pentoxide 
decomposition by nitrogen peroxide according to the results of 
Daniels and Johnston, and of Daniels, Wulf, and Karrer. Fig. 3 
shows the inappreciable influence of chlorine and oxygen. The 
experiments were made at 131-3°. As soon as this point was 
cleared up, the use of chlorine monoxide containing 25 per cent. 
of chlorine was felt to be justified. The same fact is illustrated in 
Fig. 5. 
Fic. 4. 
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© Pressure 502 mm., glass wool added. 


+ Pa 738 ,, chlorine monoxide only. 

oO 9° 576 9 > > 9° 

4 x 250 ,, 690 mm. of chlorine added. 
A ae 242 ,, chlorine monoxide only. 


Influence of Pressure.—The speed of the reaction is dependent on 
pressure, the time required for the completion of a given fraction 
of the total change at 131-3° being inversely proportional to the 
initial pressure of the chlorine monoxide. As we are dealing with 
consecutive reactions, the influence of pressure might vary at 
different stages if the consecutive reactions were not of the same 
order. In Fig. 4, the results are plotted in such a way as to test this 
point directly. The initial pressure of chlorine monoxide in the 
experiments varied from 242 mm. to 738 mm. The curve for 242 
mm. is plotted with the observed times, that for 738 mm. with the 
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observed times multiplied by 738/242, and similarly for the others. 
The coincidence of the various curves shows that at 131-3° the rate 
of reaction may be regarded as directly proportional to the initial 
pressure of chlorine monoxide, and that the influence is practically 
the same over the whole course of the reaction at this temperature. 
Hence it would seem that the whole series of changes at this temper- 
ature is approximately of the second order. The decomposition 
is thus a collision effect and not a spontaneous unimolecular process. 


Pressure of chlorine monoxide in nun. of mercury. 


024 


an eee nee 
0-16 0-20 
Reciprocal of time required for decomposition to proceed from 
40 per cent. to 80 per cent. 


A C1,0.+ Cl,. 


ae I 
0-08 0-12 


© Cl,0 alone. 


+ Cl,O + O,. 


The following table illustrates the uniformity of the influence of 
pressure throughout the reaction at 131-3°. 


Time for decom- 
position to proceed 


Time for decom- 
position to proceed 


Initial pressure from 20% to 


of Cl,O (mm.). Ratio. 40%. Ratio. 90%. Ratio. 
576 alesis 2-5) sis 6-0) ’ 
242 “— 5-8f *s 1B f 2-5 
738\ 9.0 2-3) .Q 5-0) ° 
252 sins 6-4 J sii 16-4) oF 


Since the influence of pressure may thus be taken to operate 
uniformly throughout the course of the reaction, the time taken 
for the change to proceed from 40 per cent. to 80 per cent. will 
serve as a convenient measure of the rate of reaction. In Fig. 5, 
the reciprocal of this time is plotted against pressure, and it is 
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evident that the rate is directly proportional to the pressure of 
chlorine monoxide. This figure also shows that the presence of 
chlorine and oxygen has little influence. 

A few experiments carried out at 110-7° showed that diminution 
of pressure lowered the rate of reaction at this temperature also, but 
it is not certain that here the influence of pressure remains uniform 
throughout the course of the reaction. This point will receive 
further consideration. 

From the known influence of pressure a slight correction was 
applied to the times in Fig. 3 on account of the small differences in 
the chlorine monoxide pressure in the various experiments. 

Influence of Temperature—Since we are dealing with consecutive 
reactions, at least two velocity coefficients are involved. In 
general, the influence of temperature on these will not be the same. 
Nevertheless, the fact that the form of the curves at 131-3°, 110-7°, 
and 100-0° is approximately the same shows that the temperature 
coefficients of the separate velocity coefficients do not differ very 
greatly. We will therefore compare the times taken for the change 
to proceed from 40 per cent. to 80 per cent. at the temperatures 
131-3° and 110-7°. The times are corrected to a standard initial 
pressure of 400 mm. of chlorine monoxide. 


Time for reaction to Initial Time corrected 
proceed from 40% to pressure to pressure of 
Temperature. 80% (minutes). of Cl,0. 400 mm. 
131-3° 6-0 576 8-65 
i 7-4 502 9-25 
ve 15-0 242 9-05 
re 5-0 738 9-15 
vo 


6-2 572 


1 

8-8 

Average 9-0 
6 


110-9 37-0 394 36-3 
110-6 32:5 490 39-9 
99 25:5 556 35°3 
110-7 35-0 422 37-0 
23-0 570 32:8 


Average 363 


The actual concentration corresponding at 110-7° to 400 mm. 
corresponds at 131-3° to 400 x 404:3/383-7 = 421 mm. 

The time at 131-:3° should therefore be reduced to 400 x 9-0/ 
421 = 8-55 minutes in order to be strictly comparable with the 
36-3 minutes at 110-7°. 

Ratio of speeds for the range 110-7° to 131-3° = 36-3/8-55 = 4-25. 

Ratio for 10° = 2-03. 

The reaction is not a simple change; hence the energy of activa- 
tion cannot be calculated, because the observed effect of temper- 
ature depends on at least two such quantities. A sort of average 
value may, however, be obtained by applying the Arrhenius equation 
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to the above results. It amounts to 22,000 calories for the activation 
of two gram-molecules. 

Evidence for the Existence of Consecutive Reactions.—The acceler- 
ation might be attributed to autocatalysis, consecutive reactions, 
or the initial influence of inhibitors. The possibility of autocatalysis 
by chlorine or oxygen has been eliminated. If the acceleration 
were only apparent and the reaction were really a simple bimole- 
cular reaction, initially retarded by inhibitors, then it should show 
the simple bimolecular form in its later stages. In this case, the 
expression Velocity/[Cl,O]? should reach a constant value after 
the initial stages. Incidentally, in the unlikely case of autocatalysis 
by some by-product other than chlorine and oxygen, this expression 
should increase linearly with the amount decomposed. Actually, 
however, the expression shows a continuous increase which is much 
more than linear. This is quite characteristic of consecutive 
reactions, but very difficult to explain on any other hypothesis. 


Velocity expressed as ; Velocity 
% per 5 [Cl,0}. [Cl,0}*. [Cl,OP 
minutes. Relative values. Relative values. Relative values. 

4-1 98-0 9600 4-25 
9-1 91-4 8300 10-9 
15-2 79-2 6200 24-5 
17-7 62-8 4000 44-2 
17-4 45-2 2030 85-2 
11-1 31-0 910 122 
8-7 21-0 410 213 
4-6 14-4 210 220 
4-6 9-8 96 470 
3:0 6-0 36 600 


It should be mentioned that the volume changes accompanying 
the various consecutive reactions may not be the same. Hence 
increase of pressure, although effectively measuring the course of 
the reaction, does not allow one to calculate the actual chlorine 
monoxide concentration at any moment. In testing the above 
alternatives to the assumption of consecutive reactions, however, 
we were justified in calculating [Cl,0] in this way. 

Inspection of the equations of bimolecular consecutive reactions 
reveals the fact that it is not practically possible to extract the 
separate velocity coefficients from the curves giving pressure 
changes. They must be determined separately by other devices. 
The method by which it is hoped to do this is by simultaneous 
observations on the pressure changes and the relative amounts of 
iodine and alkali liberated from potassium iodide. The nature of 
the intermediate product may also be found in this way. Probably 
chlorine peroxide or an unknown oxide of chlorine may be transitorily 
formed. 
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Propagation of Explosion Waves in Chlorine Monoxide.—It is 
well known that explosion waves are easily set up in the gas, 
Although it was not possible to find accurately the various heats 
of activation from the temperature coefficient, the order of magni- 
tude is 22,000 calories. The heat liberated by the reaction 2Cl,0 = 
2Cl, + O, is about 32,000 calories. The reaction products there. 
fore have an excess energy of about 54,000 calories. If this appears 
as kinetic energy, each of the three molecules formed has an excess 
corresponding to about 18,000 calories. This, if transferred to 
an average chlorine monoxide molecule by collision, would be almost 
enough to enable it to enter into reaction with the next average 
chlorine monoxide molecule it encountered. Hence it is clear how 
with a little extra stimulation the slow reaction may be superseded 
by an explosion wave propagated through the gas. 


Summary. 


The thermal decomposition of gaseous chlorine monoxide is 
found to be a homogeneous reaction uninfluenced by the glass 
walls of the containing vessel. The velocity of reaction increases 
as the change proceeds. This is not due to autocatalysis, since 
oxygen and chlorine have no influence on the rate of decomposition, 
but is attributable to the occurrence of the change in consecutive 
stages. The rate of reaction at 131-3° is inversely proportional 
to the initial pressure of the chlorine monoxide, and the influence 
of pressure appears to operate uniformly throughout the course 
of the change at this temperature. Hence the decomposition depends 
on a collision effect and is not a spontaneous unimolecular process. 

The influence of temperature on the reaction is such that the 
time required for the change to proceed from 40 per cent. to 80 per 
cent. is increased 2-03 times for every 10° decrease in temperature 
between 131-3° and 110-7°. From the influence of temperature and 
from the heat of reaction it is shown that explosion waves should 
be readily propagated in the gas. 

Puysicat CHEemMistry LABORATORY, 

BALuio~ COLLEGE AND TRINITY COLLEGE, 
Ox¥orRD. [Received, August 13th, 1923.] 


CCCXIV.—The Dissociation of certain Oxalato-salts. 


By Grorcr JosrPH Burrows and GrorGE WALKER. 


Durineé the investigation of certain derivatives of ferrioxalic acid 
(Burrows and Turner, Proc. Roy. Soc. N.S.W., 1921, 55, 263) it 
was found necessary to prepare comparatively large quantities of 
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sodium ferrioxalate, and although several pure specimens were 
analysed, the salt was always found to contain 5 mols. of water 
of crystallisation. Mitscherlich, Rammelsberg, and Schabus (Jahres- 
bericht, 1854, 393), who appear to have been the first to prepare 
oxalato-salts of this type, described the potassium and ammonium 
salts of chromoxalic and ferrioxalic acids as crystallising with 
3 mols. of water, and the sodium salts with 4-5 mols. This result 
has been confirmed by various workers in this field, including 
Wyrouboff (Bull. Soc. Min., 1900, 5, 65), who studied the crystallo- 
graphy of these salts in detail. Sodium ferrioxalate, sodium 
chromoxalate, and sodium aluminioxalate were found to be 
isomorphous, and Wyrouboff assigned to them the formula 
Na,M,(C,0,),,9H,O. Rosenheim (Z. anorg. Chem., 1896, 11, 175), 
however, had previously concluded that the chromoxalate crystal- 
lised with 9 and the aluminioxalate with 9-5 mols. of water. 

In view of the fact that sodium ferrioxalate had been found to 
crystallise with 5 mols. of water, it was decided to prepare and 
analyse pure specimens of the isomorphous sodium chromoxalate 
and sodium aluminioxalate. The dissociation of these, as well as 
of salts of ferrioxalic acid, was also studied. 

Sodium chromoxalate and sodium aluminioxalate were prepared 
by digesting excess of the freshly precipitated hydroxides in sodium 
binoxalate and concentrating the filtered solution under diminished 
pressure until the salt crystallised on cooling. The salt was then 
recrystallised from aqueous alcohol. Prepared in this way, it was 
found to be impure, containing varying amounts of sodium oxalate, 
from which the salt could not be entirely freed by further crystal- 
lisation. These salts are readily purified through the barium 
salts, which are fairly soluble in hot water, although only sparingly 
soluble in cold. The barium salts, prepared by precipitation with 
barium chloride, were recrystallised several times from hot water. 
Samples dried in air contained in both cases 12 mols. of water of 
crystallisation, a result in harmony with that already published 
in the case of barium ferrioxalate (loc. cit.). The barium salt was 
then decomposed with the calculated weight of sodium sulphate, 
and the sodium salt obtained by evaporation of the filtrate from 
the barium sulphate was recrystallised from aqueous alcohol. 
These salts crystallised with 5 mols. of water. We therefore 
conclude that the sodium salts of ferrioxalic, chromoxalic, and 
aluminioxalic acids are correctly represented by the formula 
Na,M(C,0,)3,5H,O, and not by Na,M,(C,0,),,9H,0. 

The conductivity of salts of this type has been previously studied. 
Rosenheim (Z. anorg. Chem., 1896, 14, 240) compared the con- 
ductivities of the potassium salts of these acids at 18°. The 
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conductivity and cryoscopic measurements recorded below were 
carried out for the purpose of ascertaining the apparent number 
of ions into which each molecule dissociates. It has been found 
that for solutions of concentration not less than one-tenth molecular, 
sodium chromoxalate, sodium aluminioxalate, sodium ferrioxalate, 
and potassium ferrioxalate all give four ions per molecule, a value 
which indicates that in concentrated solutions these salts dis. 
sociate thus : R,[M(C,0,),] = 3R° + [M(C,0,),]’’. At higher dilu- 
tions, the values are apparently greater than four, which may be 
interpreted as indicating a further dissociation of the complex 
ion, or else hydrolysis of the salt into 3ROH and H,[M(C,0,),]. 
In the latter case, results obtained for the ammonium salts of these 
acids should be higher than those for the other salts, and this has 
been found to be so. The fact that the numbers found for 
ammonium chromoxalate and ammonium ferrioxalate are greater 
than five indicates that oxalato-salts of this type are hydrolysed 
to a certain extent in aqueous solution. 


EXPERIMENTAL. 


Barium chromoxalate, obtained by adding barium chloride to a 
solution of sodium chromoxalate, crystallised in very fine, violet 
needles (Found : Ba = 32-7; Cr = 8-28; C,0, = 41:8. 

C,,0.,Ba,Cr,,12H,O 
requires Ba = 32-7; Cr = 8-25; C,0O, = 41-9 per cent.). 

Note.—In the analysis of this and other chromoxalates, a known 
amount of the salt was oxidised in the boiling solution with a 
standard solution of potassium permanganate. A known amount 
of ferrous ammonium sulphate was then added, and the excess 
determined in the usual way. An independent estimation of the 
chromium content was also made and from these two results the 
amount of C,0, was calculated. 

Barium ammonium chromoxalate was obtained by adding the 
calculated amount of ammonium sulphate to a hot aqueous solution 
of barium chromoxalate, concentrating the filtrate from the barium 
sulphate, and recrystallising the product from hot water. The 
salt separates in fine needles intermediate in colour and solubility 
between barium chromoxalate and ammonium chromoxalate 
(Found : Ba = 26-3; Cr = 9:8; C,0, = 50-3. C,H,0,,.NBaCr,3H,0 
requires Ba = 26-2; Cr = 9-9; C,O, = 50-2 per cent.). 

Sodium chromoxalate was prepared from the barium salt as 
described above [Found: Na=144; Cr=11:0; C,0O, = 55-4. 
Na,Cr(C,0,)3,5H,O requires Na= 145; Cr= 11:0; C,O, = 55-6 
per cent. Na,Cr.(C,0,),,.9H,O requires Na = 14:8; Cr = 11:3; 
C,0, = 56-7 per cent. ]. 
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Sodium aluminioxalate, prepared by decomposing the barium 
salt with sodium sulphate, crystallised in thin, colourless needles 
(Found: Na= 150; Al=61; C,0,= 584; H,O= 196. 
Na,Al(C,O,)3,5H,O requires Na = 15:3; Al=60; C,0, = 58-7; 
H,O = 20-0 per cent. Na,Al,(C,O,).,9H,O requires Na = 15-7; 
Al = 6-1; C,O, = 59-9; H,O = 18-3 per cent.]. 

In the following tables, v is the volume in litres containing one 
gram-molecule of the salt, » is the molecular conductivity, « the 
degree of dissociation, A the observed depression of the freezing 
point of water, MA the molecular lowering, and i the van’t Hoff 
coefficient; k, the number of ions into which each molecule dis- 
sociates, is calculated from the equation i = 1 + (k — l)a. 


Conductivity Measurements at 25°. 


Sodium chromoxalate. 


v. 16 32 64 128 256 512 1024 2048 ora 
. 221-6 238-1 2549 270°8 285°9 299°3 309° 3186 330°0 
a. 0°69 0:72 0:77 0-82 0°87 0°91 0°94 0°96 — 


Ammonium chromoxalate, (NH,),Cr(C,0,)3,3H,0. 


ve 16 32 64 128 256 512 1024 2048 « 
u. 259°5 273°0 289°9 3085 3261 3433 3581 3683 380°0 
a 068 0°72 0-76 0°81 0°86 0°90 0°94 0°97 —_— 


| 
| 


“ar Potassium Sodium Ammonium 
Sodium ferrioxalate, ferrioxalate, ferrioxalate, 
aluminioxalate. K,Fe(0,0,)3,3H,0. NagFe(O,0,)2,5H,0. CNH,)sFe(C.0,)s,3H,0. 
me ’ Cc ~~ ‘ ¢ es, , 
v. be a. Me a. Me a. B a. 
10 1740 059 2450 063 1991 062 3081 0°77 
20 1981 0°68 273°1 0:70 225°0 0°70 334°9 0°84 
40 221°3 0°76 298°9 0°77 247°7 0°77 353°2 0°88 
80 242°8 0°83 320°1 0°82 265°1 0°83 373° 0°93 
160 262°0 0°89 339°3 0°87 292°9 0°92 390°0 0°97 
320 275°8 0°94 355'8 0°91 297-0 0°93 396°8 0°99 
640 284°5 0:97 374:°0 0:96 310°7 0°97 398-0 oo 
1280 289°0 0:99 384°1 0°98 317°0 — 400-0 ~- 
2560 vos -— 387°0 —— -— 
% 293:°0 —- 390-0 —— 320 — 
Cryoscopic Measurements. 
Sodium Ammonium Potassium 
chromoxalate. chromoxalate. ferrioxalate. 
v. A. i. R. A. a. k. A. 4. k. 
10 _ oe -_ — — — 0557° 298 4:1 
16 0°364° 3:12 4:1 0°401° 3°43 4°6 0°359 39307 4:1 
32 0-195 33 4:2 0°216 3°61 4°6 0-201 3°44 4°3 
76 4°5 -- 


07120) 4:11 51 
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Sodium Sodium Ammonium 
aluminioxalate. ferrioxalate. ferrioxalate. 
v. rs i. k. A. i. k. ‘A. i. k. 
8 so pues any — a — 0°935° 4:0 5°05 
10 0°544° 2°84 4°] 0°550° «2°94 4°1 0-810 4°33 53 
16 —_ — — 0°384 3°29 4°5 0°547 4°68 5°5 
20 0-295 3°16 4°2 0°330 8 3°53 4°6 — ao — 
32 — — — 0215 3°68 4°7 0:290 4°96 5°6 
40 07165 3°53 43 — — — — —- — 
Tur UNIVERSITY OF SYDNEY. (Received, September 24th, 1923.] 


CCCXV.—The Formation of Stable B-Lactones. 


By Leste Barns and JOcELYN FIELD THORPE. 


UntIL quite recent years, the group of B-lactones was a very smal] 
class of substances of which few examples were known This was 
at first thought to be due to the preferential decomposition of the 
8-bromo-acids into unsaturated hydrocarbons (Erlenmeyer), and 
later to the irreversible nature of their formation from @-hydroxy- 
acids (Johannson). The first representative of the group was 
obtained by Einhorn in 1883 (Ber., 16, 2208) by the action of sodium 
carbonate on $-bromonitrophenylpropionic acid, and the isomeric 
lactone of p-nitrophenyl-lactic acid was prepared by Basler (Ber., 
1883, 16, 3001). It was then considered that the existence of these 
two lactones was due to the stabilising effect of the nitro-group, 
but it is now known that their isolation was rendered possible 
owing to their insolubility, which protected them from decomposition 
after formation. 

The simplest @-lactones were successfully prepared and investi- 
gated by Johannson (Dissert., Lund, 1916), who showed that the 
6-bromo-derivatives of propionic, butyric, and isobutyric acids, 
when treated with their equivalent of sodium carbonate, were 
decomposed simultaneously in the two possible ways, forming both 
the unsaturated hydrocarbons and the B-lactone. 

CO, + R-CH:CH, <— R-CHBr-CH,°CO,H —> R-CH:CH,°CO 

— 

As long ago as 1879, Fittig and Pagenstecher (Annalen, 195, 
108) observed the production of y-butylene from 8-bromo-«-methy]l- 
butyric acid by the action of boiling aqueous sodium carbonate; 
and Fittig and Howe (Annalen, 1880, 200, 21) identified among 
the products of the action of this alkali on 8-bromo-«-ethylbutyric 
acid both amylene and $-hydroxy-«-ethylbutyric acid, so that it is 
probable that they had had the intermediate £-lactone in their hands. 
But it was not until quite recently that Johannson and Hagman 
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(Ber., 1922, 55, [B], 647) proved that @-lactones were also produced 
from these two acids by actually isolating them. 

The unsubstituted @-hydroxyglutaric acid, when distilled under 
reduced pressure, undergoes the usual decomposition into vinyl- 
acetic acid, although Fichter and Krafft (Ber., 1899, 32, 2799) 
assumed the intermediate production of an unstable 6-lactone. 
Similarly, the simpler ®-hydroxy-dibasic acids, when boiled for 
twenty-four hours with 10—20 per cent. sodium hydroxide, are 
converted into «f-unsaturated acids (for example, $-hydroxy- 
glutaric acid gives glutaconic acid, malic acid yields fumaric acid, 
and phenylparaconic acid a mixture of phenylitaconic and phenyl- 
isoparaconic acids (Fichter, Ber., 1900, 33, 1452). The parent 
substance of the £-lactones derived from dibasic acids, malic acid 
lactone, has quite recently been prepared from iodosuccinic acid 
by the action of moist silver oxide (Holmberg, Svensk. Kem. Tidskr., 
1918, 30, 190; compare A., 1919, i, 309). It is readily hydrolysed 
irreversibly in acidic or alkaline solution to the corresponding 
acid. A homologue of this 8-lactone had been obtained previously 
by Baeyer and Villiger, who prepared the lactone of dimethylmalic 
acid (Ber., 1897, 30, 1954) and found that it could be distilled under 
reduced pressure without loss of carbon dioxide; the product of 
distillation was subsequently identified by Fichter and Hirsch as 
dimethylmalic anhydride (Ber., 1900, 33, 3270). Komppa suggested 
that the trimethyl derivative behaved in a like manner (Ber., 1902, 
35, 534). The isomeric lactone from $-hydroxyisopropylmalonic 
acid is very unstable and on heating breaks down, giving carbon 
dioxide and other products (Meldrum, T., 1908, 93, 598). 

During an investigation of the products derived from a tri- 
brominated dialkylglutaric acid a higher homologue of malic acid 
lactone was obtained in quite a new way. It is a remarkably stable 
compound, whereas all the f-lactones previously described are 
unstable substances in the sense that they undergo decomposition 
by alkali and do not yield, as do the y-lactones, salts of hydroxy- 
acids from which the lactones can be regenerated. The production 
of this stable four-atom ring compound provides further evidence 
of the effect of the gem-dipropyl grouping on the carbon tetrahedral 
angle. 

Three atoms of bromine were readily introduced into Bf-di-n- 
propylglutaric acid by the action of thionyl chloride and excess of 
bromine, and the product (I) was isolated as its dibromolactonic 
ester (II). 


CBr,-CO,H CBr-CO,Et 


(I.) Prey — Prac’ Rien ee 
CHBr:CO,H \CHBr-CO-O 
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Further, when the crude bromination mixture was treated with 
a warm solution of sodium hydroxide it was slowly dissolved, and 
a crystalline compound having the empirical formula C,,H,,0, 
(III) was produced. This substance on titration behaved ag a 
monobasic acid in the cold, but became dibasic on heating with 
alkali, and could only have been derived from the intermediate 
tribromo-acid in the following way : 


OH'H 
CO-.CO,H CO,H 
(lL) > Price ’ _ Prec ‘ 
CHBr-CO,H CHBr-CO,H 
CO 


Pre,0¢ So (III.) 
CH:CO,H 


It formed a very soluble silver salt, and when distilled under reduced 
pressure yielded a hygroscopic, viscous oil—probably the impure 
anhydride (compare Fichter and Hirsch, loc. cit.). The lactone 
ring was opened with slight decomposition by boiling with 10 per 
cent. sodium hydroxide for one and a half hours, but on acidification 
at 0° the original lactone was recovered and not the hydroxy-acid. 

It is evident, therefore, that the deflection of the carbon tetra- 
hedral angle caused by the volumes of the two propyl groups 
attached to two of the valencies causes the carboxyl group and the 
8-hydroxyl group to be relatively the same distance apart as the 
carboxyl group and the y-hydroxyl group in an ordinary unsub- 
stituted chain. The effect is thus to confer the same order of 
stability on the £-lactone as is shown by jy-lactones. Other 
instances of this kind are now under investigation. 


EXPERIMENTAL. 


Tribromination of B8-Di-n-propylglutaric Acid—Ten grams of 
the acid (prepared as previously described, Bains and Thorpe, this 
vol., p. 1209) were warmed with freshly distilled thionyl chloride 
(7 c.c.) on the steam-bath until effervescence ceased, and then in a 
partial vacuum at 60° to remove sulphur dioxide and excess of 
thionyl chloride. The dark liquid remaining was warmed at 70°, 
3°6 mols. (11 c.c.) of dry bromine were added in the course of four 
hours, and the reaction mixture was kept on the steam-bath for 
twenty-four hours. The excess of bromine was removed by a 
current of air, and the product divided into two portions. 

Lactone of Ethyl ««'-Dibromo-«' -hydroxy-8-di-n-propylglutarate 
(II).—One portion of the bromination product was poured into 
absolute alcohol and, after keeping for a day, worked up in the usual 


ont an | 
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way. The brown, oily neutral ester obtained slowly solidified when 
kept for a week and, after the adherent oil had drained off, was 
crystallised from dilute (60 per cent.) alcohol. It formed colourless 
needles melting at 84° (Found: C = 38:9; H= 5-2; Br = 40-2. 
C,3H90,Bre requires C = 39:0; H = 5-0; Br = 40-0 per cent.). 

Lactone of @8-Di-n-propylmalic Acid (III)—The other portion 
of the bromination mixture was poured into water, dissolved in 
hot dilute aqueous sodium hydroxide, reprecipitated by dilute 
sulphuric acid, and taken up in ether. The ethereal extract, dried 
over anhydrous sodium sulphate, left a faintly yellow oil on evapor- 
ation of the solvent. This became semi-solid on keeping for a 
few weeks, and after draining on a porous tile was crystallised from 
benzene containing a little ether. It separated slowly in colourless, 
shining prisms, soluble in water, ether, or hot benzene, but insoluble 
in cold benzene; m. p. 127°. The substance behaved as a mono- 
basic acid towards barium hydroxide, although the end-point was 
not very definite [Found: C = 59-7, 598; H=80, 80; M 
(monobasic), by titration = 197. C,,H,,0O, requires C = 60-0; 
H = 8-0 per cent.; M = 200]. 


The authors’ thanks are due to the Royal Society for a grant 
which defrayed the cost of this investigation, and to the Department 
of Scientific and Industrial Research for a grant to one of them 
(L.B.) which enabled this work to be carried out. 
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CCCXVI.—The Additive Formation of Four-membered 
Rings. Part II. The Conditions which confer 
Stability on the Dimethinediazdines. 


By CHRISTOPHER KELK INGoLD and Henry ALFRED Piceort. 


In Part I (T., 1922, 121, 2795) it was suggested, in analogy with 
the well-known tendency displayed by nitroso-compounds towards 
the establishment of equilibria with their dimeric forms, that 
azomethines also possess a general tendency to pass reversibly into 
compounds containing the dimethinediazidine ring : 
RN—O R’ ° met R’R”C—N’”’ 

l Zon ZF CNR” = 

g—nr  ?R'7 R'"N—CR’R” 

Naturally the position of such an equilibrium (that is, the amount 
of dimerisation) under given conditions of temperature and dilution 
will vary from case to case. In the series of azomethines previously 


22X30 == 
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investigated, the equilibria near the ordinary temperature were in 
all instances such as to favour the azomethines themselves, the 
dimethinediazidines being present in small amounts only; indeed, 
it was in consequence of this that indirect methods had to be adopted 
in order to obtain evidence of the existence of equilibria. There- 
fore it seemed to be of interest to search for an example in which 
the opposite should be the case; that is, one in which the dimethine. 
diazidine should possess greater stability than the azomethine and 
should preponderate when in equilibrium. Further, there appeared 
to be no reason why an instance should not be realised in which a 
fairly even balance would subsist between the azomethine and the 
dimethinediazidine at some easily available temperature, so that 
by warming or cooling it would be possible to obtain either individual 
free from the other. 

An examination of the facts relating to the formation and stability 
of four-membered rings in general shows that their stability is 
greatly affected by substitution, and especially by the combined 
bulk of the substituent groups. As another occasion will be taken 
in order critically to examine this point, it will suffice to state here 
the general conclusion, which is that maximal stability is reached 
at a certain optimum degree of substitution; further substitution 
beyond this optimum, or substitution by larger groups, leads to 
division * into unsaturated compounds (as witness the greater 
tendency of the tetraphenyl derivative of cyclobutanedione, as 
compared with the corresponding tetramethyl] derivative, to undergo 
division into the keten), whilst a deficit in substituents, or in their 
bulk, leads to scission * and, frequently, the subsequent formation 
of larger rings. 

The dimethinediazidine derivatives previously studied each 
contained four substituents, which were all phenyl, benzyl, or 
substituted phenyl or benzyl groups (type I), and hence the 
instability and strong tendency to division is accounted for. In 
order to increase the stability of the four-membered ring, it is 
necessary to diminish the number or bulk of the substituents to 
the optimum, but not beyond it. A preliminary examination of a 
number of instances was therefore commenced, and a substance, 
namely, the di-p-tolyl derivative (II), was soon found which has 
the degree of stability required; that is to say, at the ordinary 
temperature its properties are essentially those of the diazidine (II), 


CHPh-NPh CH, N-C,H, | ik 
. -_ IIL. 
mam” — Cl cae Oe, 
(unstable) (stable) 


* For the definition of these terms, sce Part I, p. 2793, footnote. 
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whilst at a somewhat higher temperature they are those of the 
azomethine (III) and there can be no reasonable doubt that at 
intermediate temperatures the two substances (II and III) are in 
oted | mobile equilibrium. 
Before considering the evidence afforded by physical and chemical 
hich properties, it is of interest to note, in connexion with the greater 
ine. | stability of the diazidine at the ordinary temperature, that this 
and substance is formed directly by rational ring closure, rather than 
red indirectly through dimerisation of the azomethine. The first 
ha § product of the action of formaldehyde on p-toluidine is presumably 
the | the additive product (IV), and the main possibilities which have to 
hat be kept in mind arise from the fact that this can lose water in 
ual § three ways: (a) it might utilise the hydroxyl group and its own 
imino-hydrogen atom, and yield the azomethine (III); (6) it 
lity | might utilise the imino-hydrogen atom of a second molecule, giving 


is the compound (VI); (c) it might utilise the amino-hydrogen atom 
led of a molecule of p-toluidine, giving the diamine (V). The scheme 
cen set out below shows how each of these possibilities could lead 
ere ultimately to the dimethinediazidine (II); but the alternatives 
ed (b) and (c) represent the process as a rational ring closure, whereas 
ion in (a) the monomeric azomethine intervenes. Now the experiments 


to described in this paper clearly show that the diamine (V) (a remark - 
ter ably stable substance, which can be boiled for long periods in 
as anhydrous solvents without decomposition) is actually an inter- 
mediate product in the formation of the diazidine. By operating 


go 
a at low temperatures, it can be isolated in a yield sufficient to 
on account for almost the whole of the diazidine which could have 

been produced from the experiment; and on condensation with 
oh formaldehyde, either in water under the usual conditions, or in 
or non-hydroxylic solvents, it yields the diazidine. Hence mechanism 


(c) must represent the main course of the reaction; but since, even 
mn in the most carefully regulated experiments, a small amount of 
diazidine was always produced, in the formation of which the 
diamine (V) could not be proved to have intervened (although it 
may have done so), both mechanisms (a) and (6) may possibly 
constitute subsidiary avenues along which the reaction can proceed 
8 to a small extent. “ 
imer 


y (V.) OH-CHyNH-C,H, ©, (IIL) +> (IL) 


——— isation 


), | (c) i Tey 
\ (b) ie, | 


© NH-C,H 
(V.) CHNH‘CH,), >>> CH:<y(0,H,)-CH,OH (VI.) 


Although it can scarcely be doubted that, even at low tem- 
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peratures, the diazidine (II) is in mobile equilibrium with a small 
proportion of azomethine (III), its molecular weight at the freezing 
point of benzene is that which corresponds with the diazidine 
formula. It behaves in every way as a ditertiary base, giving 
neither acyl derivatives nor nitrosoamines, whilst it is completely 
broken down by strong mineral acids. A remarkable additive 
reaction occurs with phenylcearbimide, giving a product to which, 
from its formation, hydrolytic scission, and general properties, 
must be assigned the six-membered ring structure (VII). This 
substance is saturated, weakly basic, and generally very stable, 
although on boiling with mineral acids it undergoes hydrolysis, 
the recognisable products of which are pheny!-p-tolylearbamide (IX), 
formaldehyde, and (probably) p-toluidine. These reactions may be 
represented by the following scheme, in which the hypothetical 
hydrolysis product (VIII) gives rise to the formaldehyde and 
p-toluidine contained in the final product of change : 
_ N-C,H, 

 hiaeic Hiaeia GO eaaaition) HC bo Toa 

NPh —~> C,HyN : NPh__ bydrolysis 


C,H-N—CH, 


Bt 1 


From the above description it will be evident that the ditoly)- 
dimethinediazidine (II) has a much greater stability near the 
ordinary temperature than the tetra-substituted derivatives previ- 
ously investigated. Nevertheless, it is not an exception to the 
general rule that all these substances tend to undergo reversible 
division into azomethines, and to establish mobile equilibria with 
their products of division. In the present instance, division into 
methylene-p-toluidine (III) is practically complete at 250°; but at 
much lower temperatures additive reactions can be carried out in 
which the azomethine must intervene. Thus ditolyldimethine- 
diazidine, when heated in boiling light petroleum for a few hours 
with p-toluidine, is nearly quantitatively converted into the 
diamine (V), a type of additive reaction characteristic of the 
monomeric azomethine. 

Hence the general relationship of the dimethinediazidine group 
to the azomethine group, previously inferred from an investigation 
of a very unstable class of dimethinediazidines, appears to be 
confirmed by the more detailed examination which is possible only 
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in the case of the more stable members of the series. The sensi- 
tiveness of the substances of this series to changes of structure 
has already been noted, and it is well illustrated by an experiment 
in which it was hoped to produce a trisubstituted derivative by 
the condensation of the diamine (V) with benzaldehyde : 

CH NH OH + CHO-C,H; —> CHa NG) CHER. 
At the ordinary temperature, the reaction took place rather slowly, 
and perhaps on account of this, and the ease with which the diazidine 
appeared to undergo division in accordance with the characteristic 
properties of its class, nothing but these division products (or their 
polymerisation products) could be isolated. 

Finally, mention should be made of a property which seems to 
be of common occurrence amongst lightly substituted derivatives 
containing the less stable types of four-membered ring, namely, 
the conversion of these substances into compounds containing 
six-membered rings by an additive process. The formation of a 
six-membered ring from the diazidine (II) and phenylcarbimide 
has already been noted, and it is probable that the same diazidine 
can also react with its own azomethine in an analogous way to give 
the compound (X) : 


cH, <N (CoH) Son, + he 
? 


; N(C,H,)-CH 
Nea > OSCE CHD NOR 


N(C,H,)*CH 
(X.) 


It has not been possible to establish this point with certainty, 
because the amount of the compound formed at equilibrium is 
small, and its molecular weight could not be determined, as it 
quickly reverted to the diazidine on dissolving in organic solvents. 
But there are many analogies which suggest the view now advanced, 
and perhaps the most striking is that of the corresponding aniline 
compound, the structure of which is known, and is the most stable 
polymerised form of the azomethine CH,.NPh. 


EXPERIMENTAL. 

(A) Mechanism of Formation of Di-p-tolyldimethinediazidine (II). 

(i) Condensation of Formaldehyde with p-Toluidine—In general, 
three substances are formed by the action of formaldehyde on 
p-toluidine, namely, methyleneditolylamine (V), the diazidine (IT), 
and the substance (formula X ?), m. p. 225°, into which the diazidine 
is partly convertible (compare Eibner, Annalen, 1898, 302, 350). 
At higher temperatures, no diamine is obtained, and the yield of 


diazidine, allowance being made for the “ polymerised” form, 
VOL. CXXIII. 42 


2750 INGOLD AND PIGGOTT: THE ADDITIVE FORMATION 


m, p. 225°, amounts to 80 per cent. of the theoretical. At lower 
temperatures, a more or less considerable proportion of the expected 
yield of diazidine appears in the form of diamine, although it was 
not found possible entirely to inhibit the subsequent conversion 
of this into diazidine. This point was proved by a series of experi- 
ments of which the following are typical : 

(a) Temperature 45—70°. Twelve c.c. of 40 per cent. aqueous 
formaldehyde, and a solution of 12 grams of p-toluidine in 30 c.c, 
of alcohol, were heated to 45° and mixed. The temperature rose 
rapidly to 60°, and an oil separated, which, on stirring, quickly 
solidified, the temperature rising to 70°. Crystallisation from 
alcohol, benzene, or light petroleum (b. p. 60—80°) yielded 10-5 
grams of the diazidine accompanied by a trace of the substance, 
m. p. 225°, but no diamine. 

(b) Temperature 15°. The mixture was made at 15°, and kept 
at this temperature for one hour. The crystalline product was 
collected and fractionally crystallised from alcohol and _ light 
petroleum. Yields: 1-5 grams of the diamine and 8-5 grams of 
the diazidine, allowing for the “ polymeride.” 

(c) Temperature 0°. This experiment was carried out similarly 
to (b). Yields: 7-5 grams of diamine and 2-5 grams of the 
diazidine, allowing for the small amount of “ polymeride.” 

Methylenedi-p-tolylamine (V) crystallises from alcohol or ligroin 
in colourless, pearly leaflets, m. p. 85° (Found : C = 79-9; H = 8:2. 
Calc., C = 79-6; H = 8-0 per cent.). It is much more soluble in 
alcohol, benzene, or ligroin than the diazidine. It can be recovered 
unchanged after being heated in boiling dry organic solvents for 
prolonged periods. 

Di-p-tolyldimethinediazidine (II) crystallises from alcohol, benzene, 
or ligroin in long needles, which felt together into masses resembling 
glass wool. it is obtained free from the “ polymeride ” described 
below only with difficulty, owing to the fact that in hot organic 
solvents it undergoes partial conversion into that substance, an 
equilibrium being established. Purification is best effected by 
crystallising the thoroughly dried substance rapidly from hot ligroin, 
in which the “ polymeride” is insoluble. The pure substance 
melts at 127° (Found: C= 80:3; H=7-9. C,,H,,N, requires 
C = 80-7; H = 7-6 per cent.). 

The “ polymeride” (X?%) forms a microcrystalline powder, 
insoluble in water and most organic solvents in the cold, but 
moderately soluble in hot benzene or alcohol, and readily soluble 
in hot chloroform or toluene. Once in solution, it rapidly undergoes 
decomposition, yielding the diazidine, but the reaction does not 
proceed quantitatively owing to the establishment of an equili- 
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brium with the reverse process. The equilibrium mixture contains 
a small proportion only of the “ polymeride.” The “ polymeride ” 
melts at 225° with slight decomposition, but owing to its slight 
solubility in solvents and instability in solution it was not found 
possible to ascertain its molecular weight (Found: N = 11-9. 
C4H.;N, requires N = 11-8 per cent.). 

(ii) Condensation of Formaldehyde with M ethylenedi-p-tolylamine.— 
(a) An alcoholic solution containing 6 grams of the diamine was 
mixed with 5 c.c. of 40 per cent. aqueous formaldehyde and the 
mixture maintained at 15° for one hour. The crystalline product 
was collected, dried, and crystallised from ligroin, when 5-5 grams 
of pure diazidine and a trace of the “ polymeride ” were obtained. 

(6) A similar experiment was carried out in the absence of water, 
the solvent being carefully dried chloroform. On evaporation of 
the chloroform a solid mass was obtained (6-3 grams) from which 
55 grams of diazidine were isolated in a condition of purity, besides 
a trace of the “ polymeride.”’ 

(iii) Condensation of Benzaldehyde with M ethylenedi-p-tolylamine.— 
In this experiment, which was carried out like the preceding one 
in anhydrous chloroform solution, the expected diazidine was not 
isolated as such, but only in the form of its products of division, 
benzylidene-p-toluidine and the two polymerised forms, m. p. 127° 
and 225°, of methylene-p-toluidine. 


(B) Properties of the Diazidine and Corresponding Azomethine. 


At low temperatures, the diazidine has the molecular weight 
corresponding with its formula, the tendency being towards slightly 
high values owing to the reversible formation of small quantities 
of the polymeride (m. p. 225°) (for example, Found: in freezing 
benzene, M = 254. Cale., M = 238). Its general chemical pro- 
perties are those of a ditertiary base; that is to say, it gives neither 
acyl derivatives nor nitrosoamines. Its additive reactions with 
phenylearbimide and with its own azomethine have been described 
in the introduction, and details of the former reaction are given 
below. 

At higher temperatures, the diazidine appears to undergo division 
into two molecules of the azomethine, and at 250° this reaction is 
practically complete, as is shown by the fact that the molecular 
weight at this temperature is sensibly that required for methylene- 
p-toluidine (Found: by vapour density determinations at 250° by 
Victor Meyer’s method, M = 119, 122, 121. Cale., M = 119). 
An additive reaction of the azomethine is described below. 

Addition of the Diazidine to Phenylcarbimide: Formation of 2-Keto- 
l-phenyl-3 : 5-di-p-tolylhexahyd ro-1 : 3 : 5-triazine (VII).—A mixture 

: 4Z2 
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of 2 grams of the diazidine, 4 c.c. of benzene, and 2 c.c. of phenyl. 
carbimide was heated at 100° for twenty-four hours in a closed tube, 
and then cooled in ice. The crystalline product, after recrystallis. 
ation from a mixture of benzene and ligroin, melted at 148° (Found : 
C=775; H=65; N=12-:3. C,3H3,ON; requires C = 77:3; 
H = 6-4; N = 11°8 per cent.). 

On hydrolysis by hot, dilute, mineral acids, this substance yields 
phenyl-p-tolylcarbamide, formaldehyde, and p-toluidine ( ?), together 
with gummy products. 

Addition of the Azomethine to p-Toluidine : Formation of Methylene. 
di-p-tolylamine (V).—The diazidine (0-66 gram, carefully purified 
and dried over phosphoric oxide) and p-toluidine (0-6 gram, freshly 
distilled and then dried for a short time over phosphoric oxide) 
were dissolved in 15 c.c. of dry ligroin (b. p. 60—80°), and the 
solution was boiled for two hours under a reflux condenser fitted 
with a drying tube; on evaporating to 5 c.c. and cooling, it yielded 
0-6 gram of pure methylenedi-p-tolylamine. A further small 
amount, accompanied by a trace of unchanged diazidine, was 
obtained from the mother-liquors. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SourH KENSINGTON. (Received, August 29th, 1923.] 


CCCXVII.—-The Photochemical Reactivity of Ozone in 
Presence of Other Gases. Part I. 


By Rosert OWEN GRIFFITH and WILLIAM JAMES SHUTT. 


In a recent paper (T., 1921, 119, 1948), the authors have shown 
that ozone, subjected to the action of light of the visible portion 
of the spectrum, decomposes. The results obtained, however, were, 
owing to the inconstancy of the source of light employed—the carbon 
arc—mainly of a qualitative nature, and the effect on the velocity 
of the photochemical reaction of variation of the concentration of 
ozone could not be determined. The present investigation deals 
with this effect, and as it was expected that addition of other gases 
might throw some light on the mechanism of the process, experiments 
in which hydrogen, nitrogen, helium, argon, carbon monoxide, or 
carbon dioxide was added have been carried out. This paper 
presents the results obtained in the presence of hydrogen, whilst 
those with the other gases will be found in the succeeding paper. 


EXPERIMENTAL. 


In the experiments to be described, mixtures of ozone and oxygen, 
or of ozone, oxygen, and hydrogen, were prepared and a portion of 


mn 
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the mixture was separated and its ozone content determined by 
analysis. ‘The remainder was subjected to illumination of constant 
intensity for a given time, during which the variation in pressure 
of the gas mixture was determined. At the end of this period, the 
percentage of ozone in the residual gas was again measured by 
direct analysis. In the experiments with mixtures containing 
hydrogen, the initial concentration of the latter was also determined 
in the majority of cases. 

The apparatus employed is shown diagrammatically in Fig. 1. It 
contains the ozone generator, A, generator, D, for oxygen or 
hydrogen, the reservoir, B, in which the gases were collected over 


Fria. 1. 


concentrated sulphuric acid, and the tubes, F, G, and J, and 
manometer, H, connected by capillary tubing as shown. All the 
parts of the apparatus with which ozone came in contact were made 
entirely of glass and all taps were lubricated with metaphosphoric 
acid. 

Ozone was prepared electrolytically by Fischer and Massenez’s 
method (Z. anorg. Chem., 1907, 52, 202, 229), and the generator 
shown at A is identical with the one described previously (Griffith 
and Shutt, loc. cit.). It yields an ozonised oxygen mixture of 11—12 
per cent. ozone (by volume) when the anode temperature is main- 
tained below 6—8°. From A the gas was drawn into the reservoir, 
B, where it was stored over concentrated sulphuric acid; 
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alternatively it could be aspirated through a potassium iodide 
solution at C, for the determination of its ozone content. In order 
to facilitate complete absorption of the ozone at Cj, the gas was 
broken up into very small bubbles by being passed through a long 
capillary tube of very small bore, placed almost horizontally, and 
dipping in 0-1N-potassium iodide solution. After acidifying the 
latter with dilute sulphuric acid, the liberated iodine was titrated 
with standard thiosulphate solution. Cj, is another analyser of the 
same form. 

Oxygen and hydrogen were prepared by electrolysis (between 
sheet nickel electrodes) of a 15 per cent. solution of sodium hydroxide 
in the glass U-tube, D. The gases were dried by passing over 
calcium chloride. Either gas could be admitted to the reservoir, B, 
and allowed to mix therein with ozonised oxygen over concentrated 
sulphuric acid. From B the gas mixture was transferred to tubes 
F and G, which were first thoroughly exhausted through taps i, 
and ¢, by means of water and mercury pumps. The mercury of the 
latter was protected from attack by ozone by interposition of solid 
potassium hydroxide, which, if the rate of pumping were not too 
rapid, catalytically decomposed practically all the ozone. Tubes 
F and G@ thus each contained initially a gas mixture of the same 
composition at atmospheric pressure. By forcing dry air through 
taps ¢, and ¢,, the contents of tube F (volume between #, and ¢; = 
108-9 c.c.) were immediately swept into a potassium iodide solution 
contained in C, and the percentage of ozone in the gas mixture was 
determined. Tube G (volume between taps f, and t; = 137-0 c.c.) 
is a tube of white glass 46 cm. long and about 2 cm. in diameter, 
closed, at one end, by a window, blown so as to be as flat and uniform 
as possible. Very near to this end is sealed on a capillary side tube 
connecting to the three-way tap, t;. Tube G was illuminated and 
the course of the ozone decomposition followed by reading the 
pressure changes indicated on the manometer, H, which contained 
concentrated sulphuric acid (d 1-84). As shown in Fig. 1, this is 
connected on the one side, through tap ¢,, to the experimental tube, 
G, on the other to the compensating tube, J, which contained pure 
dry air and is of the same capacity as G. Both G and J are 
surrounded by water-jackets, the one round the experimental tube 
being closed by an optically flat glass window, K. To ensure exact 
equality of temperature of tubes G and J during an experiment, 
water from a large, well-stirred thermostat, not shown in Fig. |, 
was syphoned through both jackets at a rate of 1-5 litres per minute, 
fresh water being continuously supplied to the thermostat. A 
difference of temperature of only 0-005° between the tubes causes a 
manometric change of 0-1 mm. of sulphuric acid, but the above 
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arrangement effectively prevented any temperature fluctuations 
exceeding this amount. 

The source of light employed was a 1000 watt, 115 volt, gas-filled 
lamp of projection pattern. A voltmeter was placed across the 
lamp terminals and the intensity of the light kept steady by hand 
regulation of a large wire resistance, for coarse adjustment, and a 
carbon plate rheostat, for fine adjustment. By this means the 
voltage drop across the lamp terminals could readily be kept at 
115 volts within 0-2 of a volt. The light was concentrated by a 
condenser lens of 11 cm. diameter and passed though a slab of crown 
glass of 1-6 cm. thickness and through a water layer of 8 cm. thickness 
(between K and G) before reaching the experimental tube. The 
limits of wave-length of the light employed were about 360,» and 
770up.* Since, in this work, it was necessary to use light of the 
same intensity in each experiment, the optical system and tube G 
were rigidly supported on a common base so that no relative 
displacement could occur. 

In the case of mixtures of hydrogen and ozonised oxygen, the 
concentration of the former in the original gas mixture was usually 
determined by displacing 10—15 c.c. from the reservoir, B, through 
E into a solution of potassium iodide and thence to a eudiometer. 
The ozone in the original gas was thus converted into an equal 
volume of oxygen and the concentration of hydrogen determined by 
explosion in the usual way. 

With regard to the use of this apparatus, brief mention of the 
following points should be made. 

(1) It will be noticed that the concentration of ozone in the 
mixture before illumination was not obtained by analysis of a 
sample from B, but was determined from the contents of tube F, 
which was filled simultaneously with G. The reason for this 
procedure is that ozone, allowed to stand in reservoir B, gradually 
decomposed, owing to the fact that it was impossible to keep the 
inner glass surface free from dust particles, etc., which act catalytic- 
ally in promoting ozone decomposition. Since the time required 
for efficient absorption of the necessary amount of gas exceeds 

thirty minutes, if a sample had been taken from B before or after 
filling G, the ozone concentration found would not necessarily be 
that of the gas taken for illumination. Tubes F and G, however, 
were specially treated in order to ensure that their surfaces were 
clean and that no appreciable decomposition of ozone took place 


* The lower limit was established by a photograph, kindly taken by 
Dr. H. A. Taylor, on a Hilger quartz spectrometer, and the upper limit from 
a consideration of the absorption coefficient of water (Griffith and Shutt, 
le. cit., p. 1954). 
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on standing in absence of direct illumination (see Griffith and Shutt, 
loc. cit., p. 1950). This point was tested, from time to time, for 
tube G throughout this work and, in all the experiments to be given 
in this paper and in the great majority of those in the succeeding 
one, the “dark ”’ decomposition of ozone was entirely negligible 
compared with that on illumination. 

(2) Preliminary experiments with ozone-oxygen-hydrogen 
mixtures indicated that, on illumination, water vapour was produced, 
In order that the manometric measurements should be of significance 
with these mixtures, one of two possible procedures had to be 
adopted; either all the water vapour formed had to remain as such, 
or it had to be entirely absorbed by some desiccating agent so that 
its partial presure was reduced to zero. In early experiments the 
first method was tried but, owing to partial absorption of the water 
vapour by the metaphosphoric acid used to lubricate the taps, 
satisfactory results could not be obtained. The second procedure 
was therefore adopted and 1 or 2 c.c. of pure concentrated sulphuric 
acid were introduced into tube G@ and spread along its entire 
length. 

(3) The observed manometric differences need correction owing 
to the small changes in volume of the gases in tubes G and J caused 
by movement of the manometric liquid. The corrected pressure 
can be shown to be L + pLy/V, where’ L is observed pressure 
difference in millimetres of sulphuric acid, p the total pressure in 
the tubes (1 atm.) expressed in millimetres of sulphuric acid, y the 
volume per millimetre of manometer capillary tube, and V the 
common volume of tubes G and J. The correction amounts to 
about 14 per cent. of the observed difference, the value of y being 
0-003665 c.c. per millimetre. 

Method of Experiment.—After evacuating tubes G and F (tap ¢, 
closed) to within 0-5 mm. of mercury, they were filled with the 
required gas mixture from B at a pressure slightly greater than 
atmospheric. Water from the thermostat was circulated through 
the jackets surrounding these tubes and, after temperature equili- 
brium had been established, the pressure in /, G, and J was made 
equal to that of the atmosphere through ¢, and ¢,, t, and H. ‘Taps 
i, and t, were then closed, ¢, was opened, and the contents of tube F 
swept into potassium iodide solution in C,. Readings of the 
manometer, H, were then begun and continued until no movement 
occurred during an interval of fifteen minutes. Pressure constancy 
being established, the lamp was switched on and pressure readings 
were taken at 1, 6, 11, 16, 21, 26, and 31 minutes from the start. 
The light was then extinguished and further readings were taken 5, 
10, and 15 minutes after. Finally, the residual gas in the experi- 
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mental tube, G, was swept into a solution of potassium iodide in 
(, and a determination of the ozone concentration made. 

The general character of the results obtained will probably be 
most clearly indicated by giving one experiment (the twelfth in 
Table ITT) in detail. 


Ozone—Oxygen—Hydrogen Mixture. 


The mixture contained 15 c.c. of hydrogen and 270 c.c. of ozonised oxygen 
(about 11°5 per cent. by volume of ozone). 


Tube F’, Preasuxre .....ccccccccccccceee 754 mm. of mercury. 
FOND cicticccccsiversossce 108°9 c.c. 
Temperature ........ecceces 12°3° + 273° = 285°3° K. 
Titre of ozone ..........2. 17°61 c.c. of 0°05011N-thiosulphate. 


Volume per cent. of ozone = 9°55. 


Estimation of 


hydrogen content. Before explosion. After explosion. 
EINE Sasecasiscsscccscccdensocns 10°03 c.c. 7°78 c.c. 
Temperature .......cccccccoscccce 13°4° 13°4° 
Corrected pressure .........006 730°1 mm. 727°0 mm. of mercury 
Volume at NDP ..c<.ccosessceee 9°18 c.c. 7°09 c.c. 
2 x 2°089 _ 45.17, 


Hence, volume per cent. of hydrogen = ai Se 
The composition of the gas, therefore, by volume,* is ozone = 9°55; 
hydrogen = 15°17; oxygen = 75°28 per cent. 
Tube G. Filled at pressure 754:1 mm. of mercury; volume i135°0 c.c. ; 
temperature 10°6° + 273° = 283°6° K. 
Time (p.m.)... 3.2 3.7 3.12 3.13 3.18 3.23 3.28 3.33 3.38 3.43} 3.48 3.53 3.58 
Manometer \ 
diff. (mm. } 0-2 0°3 0-3) 5:3 12:5 19-1 25:3 30°7 35:9 40°7 37°8 37°7 37°8 
of H,SO,) J 
Increase ... 72 66 6:2 54 52 4°8 
Titre of ozone at the end of the experiment = 17-94 c.c. of 0°05011N-thio- 
sulphate. 
Total apparent pressure increase for 31 minutes’ illumination = 37°8— 
03 mm. = 37°5 mm. (43°0 mm. corr. [see 3, p 2756)). 
The fraction of ozone decomposed is 
17°94 x 108°9 x 283°6 
17°61 x 135°0 x 285°3 — 


* The compositions of all gaseous mixtures in this and in the succeeding 


paper are given as percentages by volume. 
¢ Light on at 3.12 p.m. t Light off at 3.43 p.m. 


Experimental Results. 


I. Ozone-Oxygen Mixture—The results obtained with these 
mixtures are presented in Table I and Fig. 2. 

In Table I, the first column gives the initial volume percentage 
of ozone, the second, the corrected pressure increase in millimetres 


of sulphuric acid, caused by illuminating with a constant light 
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intensity for thirty-one minutes, and the third, the fraction of ozone 
decomposed, calculated from the manometer increase. 

In Fig. 2, the values of the second column of Table I (curve 4A) 
and of the third column (curve BB) are plotted as ordinates and c 
those of the first column as abscisse. 


TABLE I. 
Corr. pressure Corr. pressure 

Per cent. increase Fraction Per cent. increase Fraction 

(vol.) of (mm. of of ozone (vol.) of (mm. of of ozone 
ozone. H,SO,). decomposed. ozone. H,SO,). decomposed. C 
1°73 0°4 0:0082 9°14 14:0 0:0540 sul 
3-22 1'8 0-0197 9°19 14-0 00540 3 
4-94 4:1 0-0301 10°27 16-7 0°0591 illu 
582 59 00363 10-93 18° 0-0612 pe 

6°01 5°6 0°0332 11-80 21-1 0:0648 
6°58 7-9 0-0432 12°17 22-0 0-0654 T 
8°74 12°7 0°0522 witl 
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2-0 4-0 6-0 80 10-0 12-0 
% Ozone by volume. 


In all mixtures containing only ozone and oxygen, assuming the 1 
reaction to be 20, —> 30,, it was found that the decomposition ] 
calculated from the observed pressure increase agreed, within the ' 
experimental error, with that obtained by direct determination of ‘ 
the ozone content, by the potassium iodide method, before and after 
illumination. This is illustrated by the figures of Table IT. dit 
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TABLE II. 
Per cent. Per cent. 
(vol.) of Titre Titre (vol.) of Titre Titre 
ozone. obs. calc. ozone. obs. eale. 
4°37 10°15 10°18 7°34 16°30 16-28 
5°75 12°89 12-81 7°49 16°63 16°65 
5°79 13°22 13°47 7°79 17°37 17°59 
6°01 13°40 13°47 8°59 19-08 19°06 
6°94 15°71 15°78 8°69 19°31 19:23 
7°00 16°14 16°08 


Column 2 of this table gives the number of c.c. of N/20-thio- 
sulphate solution equivalent to the ozone in the residual gas after 
illumination, and column 3, the titre calculated from the initial 
ozone content and the observed manometric increase. 

The curve BB in Fig. 2 is nearly a straight line, indicating that, 
with the conditions employed, the reaction velocity varies as the 
square of the ozone concentration ; there is, however, a slight falling 
off at the highest ozone concentrations. This may be due either to 
experimental error, as the reproducibility of the results is not so 
good in this region, or, more probably, to the well-known decrease 
of apparent order of photochemical processes as the extent of 
absorption increases. 

II. Ozone-Oxygen—Hydrogen Mixtures—All the mixtures were 
made up in such a way that the ratio of ozone to oxygen was 
approximately constant. This was effected by mixing hydrogen 
and ozonised oxygen (containing about 11 per cent. of ozone) in 
various proportions. The results obtained are presented in Table IIT 
and Figs. 3 and 4. 


Tasxe III. 
Corrected Fraction 
Ozone. Hydrogen. Ratio, pressure of ozone 
Per cent. Percent. O;:0,. increase. decomposed. ay. Go. 
0-385 96-4 * ~~ — 55 — — — 
1:10 89-7 * -- — 79 07192 0-041 0°151 
1-49 86-1 * — — 83 0°236 0-090 0°146 
2°40 77°6 * --- — 64 0°221 0-115 0°106 
3°35 68°8 * — — 22 0:247 0°157 0-090 
3°77 64°8 * -- + 03 0°250 0:168 0-082 
4°83 54:9 * — + 8°0 0:261 0-194 0°067 
5°48 43°7 0°1077 -+ 14°2 0-268 0-210 0-058 
6°60 38°4 * —- + 23°6 0°233 0°198 0-035 
7°74 23°5 0°1125 + 32°6 0°201 0-184 0°017 
8°92 19°4 0°1239 + 39°2 0-190 0-179 0-011 
9°55 15-2 0°1269 + 43°0 0°183 0-176 0-007 
10°59 4°9 0°1253 + 37:5 0°129 0°127 0-002 
10°82 5°8 0°1298 + 36°7 0°129 0-128 0-001 
11°57 — % net 4+. 27-0 0-084 onus pa 


* These values are not experimentally determined, but are calculated on 
the basis of the mean value of the ratio “‘ ozone to oxygen” (0°121). 

{ The percentage of hydrogen in this mixture could not be conveniently 
determined. It is probably about 2. 
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In the table, the values in the fourth column are the pressure 
increases (expressed, as usual, in millimetres of sulphuric acid) 
caused by illumination for thirty-one minutes, while the fifth column 
gives the fractions of ozone decomposed, obtained directly by 


analysis. 
Fic. 3. 
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In Fig. 3, the manometric effects are plotted against initial ozone 
concentration, curve I referring to mixtures containing hydrogen, 
and curve II being a reproduction of curve AA of Fig. 2 (ozone- 
oxygen mixtures), obtained with light of the same intensity when 
exposed for the same time interval. 

The hydrogen curve contains a maximum anda minimum. With 
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concentrations of ozone below about 3-8 per cent., the pressure of 
the system decreases during illumination, the greatest decrease being 
at about 1-5 per cent., whilst at about 9-5 per cent. of ozone, the 
pressure increase isa maximum. The shape of the curve is evidently 
conditioned by the simultaneous occurrence of two (or more) 
reactions, one of which is accompanied by a volume decrease, the 
other by a volume increase. The former exerts the larger effect 
with small ozone concentrations, and the latter at high concentra- 
tions. It may be shown that, whatever the intermediate processes, 
if we start with a mixture of ozone, oxygen, and hydrogen, and end 
with a mixture of ozone, oxygen, hydrogen, and water, the net 
result can be expressed in terms of three reactions, which may be 
regarded as independent, namely, 


20, = 30, . ° ° ° . ° . . ° (1) 
Og + H, => H,O + O, ° . + . . ° . (2) 
0,4+3H,=3H0 ........ 


Since the tube G contained sulphuric acid, reaction (2) as well 
as (3) is attended by a pressure decrease, whilst reaction (1) involves 
a pressure increase. It is considered improbable that reaction (3) 
occurs to any appreciable extent, although it cannot be definitely 
excluded by the experimental data presented above. However, 
Weigert and Bohm, in an experimental investigation of the effect 
of ultra-violet light on mixtures of hydrogen, oxygen, and ozone 
(Z. physikal. Chem., 1915, 90, 194), have concluded that this reaction 
does not take place. Also, as will be shown later, the chief con- 
clusion to be drawn from the present investigation is independent 
of whether reaction (3) occurs or not. We shall therefore assume 
that only reactions (1) and (2) are to be taken into consideration, 
and calculate how the fractions of ozone decomposed, analytically 
determined in each experiment and given in column 5 of Table ITI, 
may be shared between these two reactions. This is effected as 
follows : 

Let the fraction of ozone decomposed (values in column 5) = a, 
the fraction decomposed by reaction (1) = «,, and the fraction 
decomposed by reaction (2)=«,. Then a, + a, = a. 

Let the total pressure of gas mixture = B mm. of mercury and the 
corrected pressure increase = p mm. of sulphuric acid (column 4). 
Then if V = volume of gas mixture and c = initial volume per cent. 
of ozone, the number of c.c. of ozone decomposed by reaction (1) = 
2,cV/100 and the number of c.c. by reaction (2) = «cV/100. 
x,¢V /100 c.c. of ozone, decomposing by (1), cause a volume increase 
of «,cV/200 c.c. «a ,c¢V/100 c.c. of ozone, decomposing by (2), cause 
a volume decrease of #¢V /100 c.c. 
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Therefore, total volume increase = «,cV/200 — «,cV/100 «.c. 


Hence, pressure increase = B («,¢/200 — «,c/100) mm. of mercury 
_Bxex wee 


1-84 x 100 \2 
That is, p= os —— : (3- ay). 


From this equation and the equation a, -- % = 4, 
(27-18 X « X BX c) + (368 x p) 


we obtain a Ee ee 
(13-59 x « x B x ¢) — (368 X p) 
_ li 40-77 X BXe 


The values thus obtained for «, and «, are given in columns 6 and7 | 


of Table III and are shown plotted, with those of «, against initial 
ozone concentration, in Fig. 4. The lowest curve in this figure 
refers to ozone—oxygen mixtures and is a reproduction of curve BB 
of Fig. 2. 

Discussion, 

The photochemical decomposition of ozone may be explained in 
terms of two theories, depending on the nature of the primary 
process (that caused by absorption of light), which is assumed. 

Warburg (Sitzungsber. Preuss. Akad., 1913, 644) has assumed the 
primary process to be that represented by the equation 


0, 4- hv ed 0, me O + . . . . . . (4) 
which makes possible the following secondary processes, 

Pap ae Gy cies ew ce ew ew @ 

O4+OQ-—+O@. 2. 6 is ees @ 
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The net effect of these four reactions is represented by (1). 

On the other hand, we may assume the primary process to be 
an activation of the absorbing molecule, that is, its conversion into 
one of higher energy content, which is capable of entering into 
reactions impossible to the non-activated molecule. 

Thus we have, 

O, -|+ hv —> OQ, (activated) — ea 
O, (activated) + O,;-—> 30,. . . . « (9) 


If we take the first mechanism as correct, in the presence of 
hydrogen, we obtain the possibility of 


eS a ee | 


The sum of (4) and (10) gives (2). 
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Assuming the second mechanism, process (2) is obtained by 
summing (8) and (11). 
O, (activated) + H, — H,O+0O, . . (11) 
To obtain reaction (3), O, + 3H, —> 3H,O, which we have above 
eliminated as unlikely, we must assume, on the first mechanism, 
that the reaction O, + 2H, —> 2H,0 can occur. There appears to 


be no available evidence that the oxygen formed in reaction (4) is 
activated sufficiently to enable this process to occur. 
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Curve I.—Total fraction decomposed — a. 

Curve II.—Fraction decomposed by reaction (1) — a. 

Curve III.—Fraction decomposed by reaction (2) — ag. 

Curve IV.—Fraction decomposed in mixtures containing ozone and oxygen only. 


On the second view, reaction (3) would apparently be of quadri- 
molecular order, thus, 


O, (activated) + 3H, —> 3H,0, 


and, in consequence, if possible at all, much slower than any of the 
other reactions. 

The most important conclusion which emerges from these 
experiments is the strong catalytic effect of hydrogen on reaction (1). 
This is clearly shown by the curves in Figs. 3 and 4. In Fig. 3 are 
plotted manometric increases in the presence and the absence of 
hydrogen, and it will be seen that, at a concentration of about 9 per 
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cent. of ozone, the increase in the former case is three times that in 
the latter. Since the only one of reactions (1), (2), and (3) attended 
by a pressure increase is (1), it follows that, in presence of hydrogen, 
this reaction is accelerated to a considerable extent and also that 
this conclusion is independent of whether (3) is occurring or not. 
Assuming that this does not occur, Fig. 4 gives the fractions of ozone 
decomposed by (1) and (2), plotted against ozone concentration. 
It will be seen that the reaction 20; —> 30, in a mixture containing 
6 per cent. of ozone, 40 per cent. of hydrogen, and 54 per cent. of 
oxygen is about five times as rapid as in a mixture of ozonised 
oxygen of the same ozone content, and also that the effect of smaller 
additions of hydrogen is quite marked. The extent of the reaction 


is small with high ozone concentration (that is, small hydrogen 
concentration), becoming increasingly important as the hydrogen 
content is increased. At an ozone concentration of about 2-4 per 
cent., the two reactions take place to an equal extent and, for 
concentrations below this, the amount of ozone decomposing by (2) 
exceeds that by (1). Throughout the whole range, however, the 
velocity of reaction (1) is markedly greater in the presence of 
hydrogen than in its absence. It is difficult to suggest an adequate 
explanation of this effect. Among the explanations which may be 
advanced are the following. 

(1) If the mechanism of the reaction 20, —> 30, is that given by 
reactions (4) to (7), on displacing oxygen from a mixture by another 
gas reaction (6) will be hindered and thus ozone decomposition 
promoted. This explanation does not suffice, however, as is proved 
by the results given in the succeeding paper for mixtures of ozone 
with other gases such as nitrogen. The effect found is a com- 
paratively small increase in the velocity of the process 20, —> 30,, 
much less than the corresponding effect in the presence of hydrogen. 

(2) Weigert and Bohm (loc. cit.) have measured the photochemical 
decomposition of ozone in presence of hydrogen, ultra-violet light 
being employed, and have obtained similar results to those given 
here. To account for the effect under consideration, Weigert 
(Z. physikal. Chem., 1915, 90, 223) advanced the theory that the 
decomposition of ozone in the presence of hydrogen is not a photo- 
chemical process but a thermal one. The heat liberated by the 
reaction O, + H, —> H,O + O, is supposed to warm the gas in the 
neighbourhood of the absorbing layer to a temperature high enough 
to enable the bimolecular, thermal reaction 20, —> 30, to proceed 
at an appreciable rate. Whether this explanation is applicable 
or not to the reaction effected by ultra-violet light, it cannot apply 
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to the present investigation, where visible light was used. This 
follows from a consideration of the average increases in temperature 
above that of the surroundings of gas mixtures during illumination. 
These temperature increases are calculable from the pressure 
decreases observed on cutting off the light. Thus, in the experiment 
quoted on page 2757, there is a pressure decrease of 40-7 — 37-8 =2-9 
mm. of sulphuric acid, or 3-3 mm. corrected, when the light is cut 
off. ‘This corresponds to an average temperature increase of 0-17° 
above the surroundings during the experiment. Now if hydrogen 
js causing the reaction 20, —> 30, to take place in the manner 
suggested by Weigert, there should be much greater increases of 
temperature in gas mixtures containing hydrogen than in those 
containing only ozone and oxygen. That this is not the case is 
shown in Table IV. 


TaB.eE IV. 
Ozone-Oxygen Mixtures. 
Ozone per cent. ........seereee 6°00 657 874 914 10°27 12°17 
Average temp. increase ...... 0°16° O-18° 022° 0:21° 0°23° "25° 


Ozone-Oxygen—Hydrogen Mixtures. 

Ozone per Cent.  .....e.eeeeeere 6°6 774 892 9°55 10°59 10°82 
Average temp. increase ...... 0°15° =0716° 017° 017° 0:22° 0-21° 

It is seen that, comparing mixtures of equal ozone content, 
the heating is rather less with hydrogen present than in its absence. 

(3) It may be suggested that the water vapour which is formed 
catalyses the decomposition of ozone. This point was investigated 
by Warburg (loc. cit.) for the decomposition by ultra-violet light. 
He found that the rate of photochemical deozonisation in mixtures 
of ozone and oxygen saturated with water vapour was about twice 
as great as in dry mixtures of the same ozone concentration. 
Assuming the same is true for the decomposition by visible light, 
the magnitude of this effect does not suffice to account for the 
observed results, especially as in these experiments the partial 
pressure of water vapour could never attain high values. 

Yet the most plausible explanation of the effect appears to us to be 
a modification of this view, namely, the assumption that the water 
molecules formed when hydrogen is present, which for some period 
after their formation possess excess energy, can activate ozone 
molecules by collision. Water may be formed as a result either of 
reaction (10) H, -+- O —> H,0, or of reaction (9) O, (activated) +- 
H, —> H,O + O,, depending on the mechanism adopted. The 
former involves an energy evolution of about 130,000 cals. per 
gram-molecule of water formed, the latter of 92,000 cals. plus the 
energy of activation of ozone. In either case, the water molecules 
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at the instant of their formation are endowed with a large amount of 
energy in excess of the normal, and it is reasonable to assume that, 
if they can retain this energy long enough, they may transfer all or a 
fraction of it to ozone molecules on collision. The assumption of 
activation by collision has been made by Warburg (loc. cit.), Nernst 
and Noddack (Sitzwngsber. Preuss. Akad., 1923, 110), and others, 
Thus Warburg found in mixtures of ozone with oxygen or with 
nitrogen that the number of ozone molecules decomposed per 
quantum of ultra-violet light absorbed increases with increasing 
concentration of ozone. This result he attributed to the oxygen 
molecules resulting from the reaction O + O —> O, being able to 
decompose ozone molecules by collision, the magnitude of the 
effect being greater at high ozone concentrations. Strong evidence 
for the possibility of activation by collision is afforded by the 
existence of sensitised photochemical processes such as_ those 
studied by Bonhéffer (Z. Physik, 1923, 13, 94) and Griiss (Z. Elektro. 
chem., 1923, 29, 144). The quantitative application of this hypo- 
thesis to the results here presented is not possible at present; 
qualitatively, however, it appears capable of accounting for the 
relatively large effect found in these experiments. Among the 
factors which determine the fraction of ozone decomposed by the 
reaction 20, —> 30, are (a) the value of the ratio ozone molecules 
decomposed/ozone molecules activated, and (6b) the number of 
ozone molecules activated by collision per water molecule formed. 
Both these increase with increasing ozone concentration, and it 
might thus be possible in mixtures strong in ozone for a small 
formation of water to decompose a relatively large quantity of 
ozone. 


Summary. 


(1) The action of visible light (wave-lengths between 360up and 
760y) of constant intensity on mixtures of ozone and oxygen and 
on mixtures of ozone, oxygen, and hydrogen has been investigated. 

(2) In the former case, the velocity of the reaction which occurs, 
namely, 20, —> 30Q,, is proportional to the square of the concen- 
tration of ozone. 

(3) With mixtures of ozonised oxygen and hydrogen, two reactions 
take place on illumination, namely, 20, —> 30, and H, + O, — 
H,O + Og, and their velocities have been determined in mixtures of 
composition x per cent. of ozone, 8-4a per cent. of oxygen, 100 — 9-4 
per cent. of hydrogen, where x was varied between 0 and 12. 

(4) The reaction 20, —> 30, is strongly catalysed in the presence 
of hydrogen. A discussion and a possible mechanism of this effect 
are given. 
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CCCXVIII.—The Photochemical Reactivity of Ozone 
in Presence of Other Gases. Part I]. 


By Rosert Owen Grirrita and JANE MacWILLIE. 


In the preceding paper, the effect of visible light on mixtures of 
ozonised oxygen and hydrogen was described, and the velocity of 
the process 20, —> 30, compared with that found in the absence 
of hydrogen, light of the same intensity being employed. As, 
however, in the former case a simultaneous reaction occurs with 
formation of water, it was of interest to determine the velocity of 
photochemical deozonisation in the presence of other gases which 
might be expected to be chemically indifferent under the conditions 
of experiment. For this reason, the reaction has been studied in 
mixtures of ozonised oxygen with argon, with helium, with nitrogen, 
and with carbon dioxide. Further, carbon monoxide has been 
employed as a diluent, in order to compare its behaviour in the 
presence of ozone, photochemically activated, with that of hydrogen 
under analogous conditions. None of these gases reacts with ozone 
in the absence of direct illumination, and none of them possesses 
any appreciable absorption in the visible portion of the spectrum. 


ExPERIMENTAL. 


The apparatus and method of experiment were as described in the 
preceding paper, the single difference being that, there now being 
no need for the presence of sulphuric acid in the experimental tube, 
G (Fig. 1, p. 2753), this was removed. 

Carbon monoxide was prepared from sodium formate and sulphuric 
acid, and carbon dioxide from sodium bicarbonate and dilute 
sulphuric acid. Tests showed that both gases contained less than 
] per cent. of impurity. Nitrogen was prepared in two ways, (1) by 
warming a solution containing sodium nitrite, ammonium chloride, 
and potassium dichromate, the gas evolved being passed through 
concentrated sulphuric acid, over red hot copper, and finally through 
potassium hydroxide solution, (2) by drawing air through ammonia 
solution and over red hot copper, excess of ammonia being removed 
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by passage through sulphuric acid. The two preparations gave 
identical results. 

Helium and argon were drawn from cylinders and not further 
purified. The former contained as impurity 7 per cent. of nitrogen, 
the latter 1 per cent. of oxygen and 10 per cent. of nitrogen. These 
amounts, although large, are not sufficient to modify the results 
obtained in this work, since, as will be shown, the effects of helium, 
argon, and nitrogen differ only to a small extent which makes the 
difference between the effects of pure argon (or helium) and of argon 
(or helium) containing 5 to 10 per cent. of nitrogen well within the 
experimental error. In each case, the gas employed as diluent was 
dried by passage through sulphuric acid before mixing with ozonised 
oxygen. 

The mixtures employed were such that they contained an 
approximately constant ratio ozone/oxygen, their composition 
being expressible as x per cent. of ozone, 10x per cent. of oxygen, 
and 100 — 1lz per cent. of diluent, where x was varied from 0 to 9. 
In order to render possible a comparison of the whole of the results, 
it is necessary that the light intensity should be the same in all the 
experiments. This was the procedure attempted, but a change in 
the relative positions of the lamp and the experimental tube had 
to be made half-way through the course of this work, with the result 
that the first set of experiments was effected with a light intensity 
slightly greater than that in the second. In the former series are 
all the experiments in which carbon monoxide and carbon dioxide 
were employed as diluents, in the latter all in which argon appeared, 
whilst both light intensities have been used in the case of mixtures 
containing helium and those containing nitrogen. It is possible, 
however, to correct the data obtained with the lower light intensity 
to those which would have been obtained had it been possible to 
use the higher intensity throughout, and this has been done. That 
the method of correction applied leads to no serious error is shown 
by the fact that the values obtained with mixtures containing 
either helium or nitrogen at the lower light intensity fall, on 
correction, on the curves plotted from determinations in which the 
greater intensity was used. 

The results obtained are presented in Tables I—V. The first 
column in each table gives the initial concentration of ozone in the 
gas mixture and the second, the increase of pressure,* in mm. of 
sulphuric acid, caused by illumination of the gas mixture for thirty- 
one minutes. The third column contains values of the fraction of 
the initial ozone decomposed, calculated from the increase of pressure 
assuming the only reaction taking place to be 20, —> 30,. The 


* Corrected in the manner given in the preceding paper, p. 2756. 
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values in the fourth and fifth columns enable this assumption to be 
tested. The former gives the number of c.c. of N’/20-thiosulphate 
solution equivalent to the residual ozone in the tube at the completion 
of the experiment, and the latter the number calculated from the 
known initial ozone content and the increase of pressure, the same 
assumption being employed. The bracketed values in the second 
and third columns were obtained with light of the lower intensity 
and the corrected values obtained from them are indicated by an 
asterisk. In order to save space, the results found for mixtures 
containing oxygen and ozone only are not given in tabular form, as 
they are similar in all respects to those already published in the 
preceding paper; the data obtained with these mixtures necessary 
for the present investigation are however, plotted in Fig. 1. 


TABLE JI. 


Mixtures of ozonised oxygen and carbon dioxide. 
Titre. 


Ozone. Pressure Fraction of ozone 

Per cent. increase. decomposed. Observed. Calculated. 
2°05 2°1 0°0357 — — 
2°16 2°3 0°0374 4°98 4°91 
2°92 3°0 0°0365 6°56 6°56 
3°73 4-1 0°0391 — — 
3°96 4°5 0°0396 8°98 8°89 
4°58 5°8 0°0450 — — 
5°05 6°4 0:0465 _— — 
5°18 6°7 0°0452 11°45 11°55 
5:28 6°9 0°0462 11°65 11°51 
5°63 76 0°0475 — — 
6°11 8°7 0°0509 — — 
6°57 10:0 0°0539 14°20 14°05 

TaBLeE II. 
Mixtures of ozonised oxygen and carbon monoxide. 
Ozone. Pressure Fraction of ozone Tite. 

Per cent. increase. decomposed. Observed. Calculated. 
1°67 2°2 0°0465 3°70 3°74 
1°81 2°5 0°0495 3°91 3°99 
1°86 2°3 0°0437 4°06 4°13 
2°27 2°9 0°0451 4°80 5:07 
2°97 "35 0-0409 6°59 6°63 
3°20 4:3 0°0483 6°95 7°08 
3°75 5°3 0°0528 8°26 8°34 
3°90 5:1 0°0456 8°49 8°68 
4°33 5°5 0°0453 9°22 9°51 
4°65 6°8 0°0521 9°97 10°34 
4-92 69 0°0494 10°71 10°94 
5°43 81 00530 — _ 
6°10 9°2 0°0532 -- = 
6°16 9-1 0:0523 13°37 13°50 
6°50 10°2 0°0553 14°25 14°44 
6°75 , 102 0°0567 — _- 
8°02 13°9 0:0709 17°14 17°55 
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In Fig. 1, the data of the first and second columns of the tables are 
plotted, the initial ozone concentration being abscissa and the 
increase of pressure caused by illumination for thirty-one minutes 
ordinate. 


TABLE III. 


Mixtures of ozonised oxygen and nitrogen. 


Pressure 
increase. 


* & & 
a a 
+1 
on 
Soe 


* (10°3) 


RODD HO OO WO ATID PWS DD 
AH SADSWAESWSS 


— a 


* (11-0) 


Fraction of ozone 

decomposed. 
0°0534 

0°0524 

0°0743 

0°0682 

0:0670 

0°0616 * (0°0525) 
0°0647 * (0°0553) 
0°0651 * (0°0579) 
0:0690 

0:0615 

0:0655 * (0°0567) 
0:0675 

0:0667 * (0°0582) 


TABLE IV. 


Mixtures of ozonised oxygen and argon. 


Pressure 
increase. 


Ft te et et 
WwW KK OOO 
DORQRDO KDW 
ee HRHEHEE HH 


Fraction of ozone 


decomposed. 
0:0697 * (0°0590) 
0:0678 * (0:0609) 
0:0702 * (0:0617) 
0:0684 * (0:0598) 
00686 * (0°0606) 
0:0707 * (0°0606) 
0:0694 * (0:0603) 
0:0702 * (0:0605) 
00682 * (0°0578) 
0:0702 * (0°0605) 
00691 * (0°0616) 


TABLE V. 


Mixtures of ozonised oxygen and helium. 


Pressure 
increase. 


Fraction of ozone 


decomposed. 

0:0778 * (0°0667) 
0:0784 * (0°0671) 
0:0806 * (00696) 
0:0775 

0:0772 

0:0772 * (0°0678) 
90774 * (0°:0634) 
0:0772 * (0°0647) 
0:0751 * (0°0631) 
0:0789 * (0°0686) 
0:0747 * (0°:0626) 
0°:0758 * (0°0664) 
00755 * (0°0656) 


Titre. 
Observed. Calculated, 
9°53 9°48 
10°29 10°40 
11-20 11°15 
11°13 11°03 
13-90 13°79 
15°13 15°01] 
Titre 
Observed. Calculated. 
7°49 7°52 
9°46 9°54 
10°91 10°95 
12-70 12°77 
13°00 13°09 
15°24 15°31 
15°98 15°82 
Titre. 
Observed. Calculated. 
7°00 7°12 
7°48 7°48 
7°40 7°24 
9°23 9-30 
10°81 10°90 
12°97 12°97 
16°27 16°27 


The lowest curve on the figure is a graph showing the 
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results (not given in the tables) for mixtures of ozone and oxygen 
with light of the same intensity. 

In the figure, the points on the curves for mixtures containing 
nitrogen, argon, or helium which were obtained by correcting the 
results obtained using the lower light intensity are indicated by 
black squares, circles, and triangles respectively. 
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Discussion of Results. 


(1) Columns 4 and 5 of Tables I to V enable a comparison to be 
made of the total ozone which is destroyed in the course of each 


4} experiment and that which disappears by the reaction 20, —> 30,. 
7 The former column gives the number of c.c. of a standard thio- 
J sulphate solution equivalent to the ozone in the residual gas after 
j illumination and the latter the titre calculated from the known 
7 initial ozone content and the observed increase of pressure, assuming 
7 the only reaction which occurs to be 20, —> 30,. The tables show 
¥ that for mixtures containing helium, argon, nitrogen, or carbon 
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dioxide, the values in the two columns may be taken as equal 
within the experimental error, but that for mixtures containing 
carbon monoxide the calculated titre is always slightly greater than 
that experimentally determined. This shows that, in the former 
cases, we have no evidence that any other reaction but 20, —> 30, is 
taking place, but that in the presence of carbon monoxide another 
reaction, which is attended either by a decrease of volume or by 
no volume change, takes place. The most probable process is the 
formation of carbon dioxide by the reaction CO + O,—> CO, + 0,.* 
Assuming this to be the case, it is possible to deal with the results for 
mixtures containing carbon monoxide in an analogous way to that 
employed in the preceding paper for mixtures containing hydrogen, 
and calculate for each gas mixture the fraction of ozone decomposed 
by the reaction 20, —> 30,, and that by the reaction CO + 0,;—> 
CO,+0,. However, the small differences between the calculated and 
the observed values of columns 5 and 4 of Table II, and the fact that 
a very small error in the titration causes a large error in the value 
calculated from it for the total amount of ozone decomposed, render 
the values derived for the fraction of ozone decomposed by the 
reaction CO + O, —> CO, + O, particularly susceptible to small 
experimental errors. A complete table of these values is therefore 
not presented; the general result of the calculation, however, is 
that, in mixtures containing from 1-6 to 8 per cent. of ozone, the | 
fraction of ozone forming carbon dioxide appears to vary in an 
irregular manner between 0-06 and 0-01, the mean value being 
0-02—0-03. It was shown in the preceding paper that hydrogen | 
reacts with ozone on illumination, and that the fraction of ozone | 
forming water increases from 0-02 in mixtures containing initially 
7 per cent. of ozone to 0-15 in a 1-5 per cent. mixture. It is therefore | 
established that in mixtures weak in ozone, hydrogen reacts to a | 
greater extent with ozone photochemically activated than does 
carbon monoxide under identical conditions.{ . 

(2) The curves in Fig. 1 show that each of the gases helium, argon, — 
nitrogen, carbon monoxide, and carbon dioxide increases the 
velocity of the photochemical reaction 20, —> 30,. We have compared | 
in these experiments the reaction velocity in a gas of composition — 


* It was shown by Clausmann (Compt. rend., 1910, 150, 1332) that carbon © 
monoxide and ozonised oxygen slowly react to form carbon dioxide when | 
exposed to daylight; Remsen and Southworth (Ber., 1875, 8, 1414) had | 
previously concluded that no reaction occurred between the two even when | 
the mixture was exposed to bright sunlight. i 

¢ The light intensity in the experiments with hydrogen was somewhat | 
less than that employed in the experiments described in this paper; correct- | 
ing for this would make the value 0°15 for hydrogen mixtures weak in ozone | 
still greater. 
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x per cent. of ozone, 100—z per cent. of oxygen with that in a 
mixture containing x per cent. of ozone, 10x per cent. of oxygen, 
and 100 — 11 per cent. of diluent, that is, effectively some of the 
oxygen has been replaced by another gas. The increase in velocity 
of the process 20, —> 30, found as a result of this substitution may 
be explained in terms of two theories depending on the primary 
process assumed. 

(a) If, with Warburg (Sitzwngsber. Preuss. Akad., 1913, 644), 
the primary process is taken to be O, + hv —> O, + O, the effect 
under consideration is a necessary consequence of diminution of 
the concentration of oxygen. Of the three secondary processes, 
0+0-—>0,, 0 + 0, —> 0g, and O + 0; —> 20,, which are possible, 
the second will be retarded by a diminution in the oxygen concen- 
tration. Since this reaction entails reformation of ozone, it follows 
that its retardation will increase the total ozone decomposed. 

(6) If, on the other hand, the primary process is assumed to be 
0,-+hv —> O,(activated) and the secondary O,(activated) +O,—>30,, 
itis not so clear why oxygen should have a retarding influence on the 
rate of decomposition. The simplest assumption appears to be that 
the activated ozone molecules lose their excess energy more readily on 
collision with an oxygen molecule than with those of any other gas. 

(3) The gases investigated catalyse the photochemical reaction 
20, —> 30, in the order hydrogen, helium, argon, nitrogen, carbon 
monoxide, and carbon dioxide. The effect of hydrogen is far 
greater than that of the others; a possible explanation of its mode 
of action has been given in the preceding paper. Of the other gases, 
helium, argon, and nitrogen produce a definitely stronger catalytic 
effect than carbon monoxide and carbon dioxide. If the action of the 
diluents was merely a displacement effect as described in paragraph 
2 (a), the results in the presence of all the gases should be identical 
(with the possible exception of carbon monoxide, in which case 
another reaction occurs to a small extent). Since this is far from 
being the case and each gas produces a specific effect, recourse may be 
made to the assumption employed in paragraph 2 (b). We are thus 


activity of these gases is connected with the readiness with which 
they cause de-activation of ozone molecules on collision. In 


nitrogen, carbon monoxide, and carbon dioxide. This would now 
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ozone molecule retaining its excess energy after collision with a 
molecule of another gas is greatest for helium, argon, and nitrogen 
in the order given, less for carbon monoxide and carbon dioxide, 
and least of all for oxygen. Regarding the position occupied by 
the inert gases and nitrogen in this scale, nothing at present can be 
said; as regards that of the other gases it appears suggestive that 
loss of energy occurs the more readily the greater the percentage of 
oxygen in the molecule concerned. 

Attention may perhaps be directed to one further point. In 
addition to activated ozone molecules, it is not improbable that 
during illumination the systems here studied also contain activated 
oxygen molecules formed as a result of the photochemical decom. 
position and that these may transfer their excess energy to ozone 
molecules on collision. Such assumptions have been made by 
Warburg (loc. cit.) to account for the increase of the photochemical 
efficiency of the deozonisation process (caused by ultra-violet light) 
with increasing concentration of ozone. In addition, then, to a 
consideration of the energy interchanges occurring on collisions 
between activated ozone molecules and others, a complete discussion 
of this photochemical reaction might require that the collisions in 
which activated oxygen molecules take part should similarly be 
considered. 

Summary. 


(1) The action of visible light (wave-lengths between 360, and 
760y,) on mixtures of ozonised oxygen with helium, with argon, with 
nitrogen, with carbon monoxide, and with carbon dioxide has been 
determined. The mixtures employed were of composition x per cent. 
of ozone, 10x per cent. of oxygen, 100 — 11a per cent. of diluent, 
where x was varied between 0 and 9. 

(2) With mixtures of ozonised oxygen and carbon monoxide, two 
reactions take place, (a) 203; —>3Qx, (b) Os; + CO—>CO, + 0,. In 
the presence of the other gases, the only reaction taking place is (a). 

(3) The velocity of the photochemical reaction (a) in the mixtures 
investigated is in the order of the gases given in (1), if mixtures 
containing equal concentrations of ozone are compared. The 
velocities are all greater than that in ozonised oxygen of the same 
ozone concentration. 

(4) A short discussion of these results is given. 


The authors’ thanks are due to Professor W. C. McC. Lewis for 
the facilities kindly provided for this work. 
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CCCXIX.—Condensation of Aryldiazonium Salts with 
Monoalkylated Malonic Acids. 


By THomas KENNEDY WALKER. 


Amona the numerous recorded investigations of the action of 
diazonium salts, and also of nitrous acid or alkyl nitrites, on com- 
pounds containing in their molecules reactive methylene or methine 
groups, there can be discerned many cases of analogies which would 
seem to indicate that these reactions are all achieved by inter- 
molecular changes of similar mechanism. Typical instances in 
which these similarities are displayed are to be found in the 
respective actions of diazobenzene and nitrous acid on ethyl alkyl- 
malonate, monoalkylacetoacetic acid, and ethyl alkylacetoacetate, 
as the following scheme will show : 


Action of nitrous acid. Action of diazobenzene. 
CO, + EtOH + CO, + EtOH + 
R:O:N ‘OH <— R:CH-CO,Et —> R-C.N-N HPh 
CO,Et 0,Et CO,Et 
CO, -+ H,O + CO, + H,O + 
CH,CO-C:N-OH <— CH,CO-CH:CO,H —> CH;°CO-C:N-NHPh 
R k 
CH,CO,H + CH,CO,H + 
R-C.N-OH <— R-CH:CO-CH,; —> R-C:N-NHPh 
CO,Et CO,Et CO,Et 


The action of diazonium salts on malonic acid and on its esters, 
resulting in the production of formazyl compounds, was investi- 
gated by Pechmann (Ber., 1892, 25, 3175), whilst from cyanoacetic 
acid and diazobenzene Rothenburg (ibid., 1894, 27, 689) prepared 
cyanoformazyl. Subsequently, Favrel (Compt. rend., 1901, 132, 
983, 1336) succeeded in condensing various diazonium salts with 
monoalkyl derivatives of ethyl cyanoacetate and of ethyl malonate. 
Hitherto, however, it would not appear that any attempts have 
been made to bring about condensations of this type with the 
monoalkylated malonic and cyanoacetic acids. 

Again, although the production of isonitroso-compounds by the 
action of nitrous acid or alkyl nitrites on the monoalkylated acids 
and esters of the acetoacetic and malonic series is well known 
(V. Meyer and co-workers, Ber., 1878, 11, 320, 694; 1882, 415, 
1057; Bergreen, ibid., 1887, 20, 533; Lapworth and Sharratt, 
T., 1915, 107, 1254), the literature contains no reference to the 
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preparation of similar derivatives from mono-substituted cyano. 
acetic acids and esters. 

In order to fill these blanks in our knowledge of this subject 
and to obtain a wider basis for a comparison of the respective 
behaviours of aryldiazonium salts and nitrous acid towards sub- 
stances of the types under discussion, a series of experiments has 
been undertaken, and the present communication deals with the 
action of diazonium salts on monoalkylmalonic acids. 

It was found that diazonium acetates react with these acids, 
usually somewhat readily, carbon dioxide being liberated during 
the course of the condensations. Thus, when monomethylmalonic 
acid was treated with benzenediazonium chloride in presence of 
sodium acetate, a non-acidic substance was produced which proved 
to be methylformazyl, m. p. 120—121°, prepared by Bamberger 
and Miiller (Ber., 1894, 27, 147) by treating the phenylhydrazone 
of pyruvic acid with diazobenzene. By similar means, a number 
of new alkylformazyls have been prepared, amongst which may 
be mentioned ethylformazyl, m. p. 122°, 4 : 4’-dimethylallylformazyl, 
m. p. 117°, and benzylformazyl, m. p. 93-5°. The product is the 
same whether equimolecular quantities of the components or 2 mols. 
of diazonium salt to 1 mol. of the alkylmalonic acid are employed. 
No acidic intermediate product can be isolated, but in view of 
Bamberger and Miiller’s synthesis of methylformazy] (loc. cit.) it 
may be assumed that in the present cases the reactions proceed 
in two stages : 


1). 02H CO,H 
)  R-CH-CO,H + Ph:N,-OH —> R-C:N-NHPh + CO, + H,0, 
CO,H 
(ve N:NPh 
(I) R«C:N-NHPh + Ph-N,-OH —> RB-C<yingypy, t+ CO2 + HO, 


an intermediate phenylhydrazone being formed and _ suffering 
immediate attack by a second molecule of the diazonium salt. 


EXPERIMENTAL. , 

4. : 4'-Dimethylallylformazyl, CH,:CH*CHy CN NFCA, Me _ 
Twenty-seven grams (2 mols.) of p-toluenediazonium sulphate, 
prepared by passing the vapour of methyl nitrite into a suspension 
of 28-1 grams of finely divided p-toluidine hydrogen sulphate in 
glacial acetic acid at 10—12°, and precipitating the diazonium salt 
with dry ether, were dissolved in 40 c.c. of ice-water and mixed 
with 9-0 grams (1 mol.) of allylmalonic acid in 70 c.c. of ice-water. 
To this mixture, maintained at 8—10°, a concentrated aqueous 
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solution of 35 grams (4 mols.) of crystalline sodium acetate was 
gradually added with shaking, whereupon the liquid assumed a 
rose-coloured tint and an evolution of carbon dioxide commenced, 
accompanied by the separation of solid matter which formed a 
red froth. At the end of one hour the reaction was complete, 
and the product was filtered, washed with ice-water, and dried in 
a desiccator. It was purified by repeated crystallisation from hot 
benzene, a considerable amount of a red dye which accompanied 
it being extracted with light petroleum. Yield, 50 per cent. of 
the theoretical, calculated on the weight of allylmalonic acid used. 
After a final recrystallisation from acetone the compound was 
obtained in slender, elongated, canary-yellow prisms and melted 
sharply at 117° (Found: C= 74:3; H=65; N=19-1. C,gHjN, 
requires C = 74:22; H = 6-53; N = 19-24 per cent.). 

4:4'-Dimethylallylformazyl is readily soluble in the cold in 
ether, alcohol, acetone, ethyl acetate, or carbon tetrachloride, fairly 
easily soluble in benzene, and almost insoluble in carbon disulphide 
or light petroleum. 

Attempts were made to obtain crystalline condensation products 
by the interaction of other diazonium salts and allylmalonic acid, 
but only by the use of «-naphthylamine could crystalline material 
be obtained. In this case, the crude reaction product was a dark 
greyish-brown, amorphous substance, from which light petroleum 
extracted considerable amounts of a purple dye. The substance 
which remained was slightly soluble in alcohol, fairly soluble in 
benzene, and freely soluble in acetone, but would not separate 
in a crystalline condition from solution in these solvents. By 
repeated precipitation from solution in benzene by addition of 
light petroleum, a small amount of material was finally obtained 
which was seen under the microscope to consist of masses of 
short, slender, reddish-brown needles. These melted at 114° with 
decomposition, but the specimen could not be obtained in a 
sufficiently pure condition to give satisfactory analytical figures. 
Experiments in which the diazonium chlorides from aniline and 
o- and m-toluidine were brought into contact with allylmalonic 
acid resulted only in the formation of red, tarry matter containing 
phenolic material, whilst diazotised p-nitroaniline and allylmalonic 
acid gave in good yield a product, of which about 50 per cent. 
proved to be soluble in caustic soda solution. All attempts to 
purify the constituents of this mixture were unsuccessful, since 
resinification occurred under all conditions of treatment. It was 
considered probable that the alkali-soluble material was either the 
p-nitrophenylhydrazone of allylglyoxylic acid, 

CH,:CH-CH,°C(CO,H):N-NH-C,H,'NOg, 


2778 WALKER: CONDENSATION OF ARYLDIAZONIUM SALTS, ETO. 


or p-nitrobenzeneazoallylformaldoxime, 
CH,:CH-CH,°C(°N-OH)-N:N-C,H,NO,, 

both of which at present are unknown, and its formation led to 

a study of the simultaneous action of diazobenzene and nitrous 

acid on the monoalkylmalonic acids, which will form the subject 

of a future communication. 

Ethylformazyl, NHPh-N:CEt:N,Ph.—Aniline (3-1 grams) was 
diazotised (10 c.c. of concentrated hydrochloric acid and 15 c.. 
of 50 per cent. acetic acid, and 2-4 grams of sodium nitrite in 
30 c.c. of ice-water), the resulting solution was mixed with a solu- 
tion of 2-2 grams of ethylmalonic acid in 10 c.c. of ice-water, and 
the whole kept for half an hour, when 10:1 grams of crystalline 
sodium acetate were added with shaking. After the mixture had 
stood for thirty-six hours in the ice-chest, the separated material 
was washed and driedina vacuum. The bright crimson, amorphous 
powder thus obtained in almost quantitative yield was found to 
be practically pure and was prepared for analysis by successive 
crystallisations from warm ethyl alcohol and ethyl acetate. From 
the latter solvent it separated in clusters of small, carmine needles 
which melted at 122° with blackening and decomposition (Found: 
N = 22-5. C,;H,,N, requires N = 22-22 per cent.). 

Ethylformazyl is sparingly soluble in cold ethyl alcohol, more 
readily in benzene, methyl alcohol, or ethyl acetate, in the cold, 
and still more soluble in the warm liquids. Like several compounds 
of the formazy] class, it yields salts with, and reduces, silver nitrate. 
When an alcoholic solution of ethylformazyl is mixed with silver 
nitrate solution a brown precipitate is formed; whilst with am- 
moniacal silver nitrate the metal is thrown down immediately in 
a finely divided condition. __ 

Benzylformazyl, NHPh:N:C(CH,Ph):-N,Ph.—Benzylmalonic acid 
(3-2 grams), dissolved in 10 c.c. of alcohol, was added to 65 c.c. 
of a well-cooled aqueous solution of benzenediazonium chloride 
prepared from 3-1 grams (2 mols.) of aniline, followed after a few 
minutes by a concentrated aqueous solution of 10-1 grams of 
crystalline sodium acetate, sufficient to remove the mineral acid. 
The reaction mixture was maintained at 0° for thirty-six hours and 
the first portion of the product to separate, which was resinous 
and had a phenolic odour, was removed, triturated with 10 per cent. 
aqueous caustic soda, then with water, and finally mixed and 
purified with the second portion of the product, which separated 
in a purer state from the filtered reaction mixture. Extraction 
of the dried material with light petroleum removed a red substance 
and left a light red, amorphous powder, for which, for purposes of 
purification, the best solvent was found to be ethyl alcohol. By 
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crystallisation from this solvent at temperatures below 40°, minute, 
elongated plates of a deep orange colour were obtained which 
darkened at 90° and suddenly swelled up and melted at 93-5°. 
In several experiments, it was not found possible to obtain a yield 
higher than 50 per cent. of that required by theory (Found: 
N= 18-0. C,. 5H,,N, requires N = 17-83 per cent.). 


This inquiry was undertaken at the suggestion of Professor 
A. Lapworth, F.R.S., whose kind interest and helpful advice it 
is a pleasure to acknowledge. The author’s thanks are also due 
to the Advisory Council of the Department of Scientific and 
Industrial Research, for a grant which defrayed the expenses of 
the investigation. 


THE CHEMISTRY DEPARTMENT, 
THE UNIVERSITY, MANCHESTER. [Received, September 7th, 1923.] 


CCCXX.—Preparation and Chlorination of aB-Alkyl- 
acylcarbamides. 
By Extwyn RosBerrs. 


In an investigation of the mechanism of chlorination of certain 
compounds in acetic acid media I had occasion to chlorinate 
acetamide. The results obtained were interesting, inasmuch as 
I was able finally to isolate «-acetyl-8-methylearbamide in a 
satisfactory yield. The direct conversion of acetamide into the 
symmetrically substituted «-acetyl-8-methylearbamide has not 
hitherto been effected by use of chlorine. This led me to apply 
the method to the general preparation of «f-alkylacylcarbamides. 

Unsymmetrical carbamides were obtained by Hofmann (Ber., 
1881, 14, 2725; 1882, 15, 407) by the action of bromine in 
alkaline solution on the aliphatic amides; he used bromine in pre- 
ference to chlorine because of its easier manipulation and measure- 
ment. Odenwald (Annalen, 1918, 416, 228; 1919, 418, 316) has 
shown that by Hofmann’s method the yields of carbamides are 
variable, and has given methods, still using bromine, in which 
definite yields are obtained. 

The action of chlorine on the amide is in the first instance as 
follows : 


Alk-CO-NH, + Cl, ~--~ Alk-CO-NHCI + HCl; 
sometimes, as with butyramide and isobutyramide, the chloro- 
amide is quantitatively produced, but with acetamide at least, 
the reaction is as follows : 
2CH,°CO-NH, + Cl, = CH,*CO-NH,,HCl ++ CH;°CO-NHCI ; 
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the yield of chloroamide is therefore only 50 per cent. In all 
probability, the solubility and the hydrolysis of the chloroamide, 
as well as the combination of the amide with hydrogen chloride, 
play a part in determining the yield of chloroamide in each case. 

The action of caustic soda on the chlorinated aqueous solutions 
of the amides causes transformation of the chloroamides formed 
into unsymmetrical carbamides. In the case of propionamide, 
butyramide, and isobutyramide, transformation of the chloro- 
amides into alkylacylcarbamides occurs at the ordinary tem- 
perature, the yields being satisfactory when 2 mols. of alkali are 
used. With acetamide, on the other hand, only 1 mol. of alkali 
must be used, the yield of a-acetyl-8-methylearbamide being 50 per 
cent.; this is the maximum yield obtained by this method; a 
slight excess of alkali diminishes the yield considerably. 

The formation of alkylacylearbamide in our experiments is 
adequately explained by the views of Stieglitz and Earle (Amer. 
Chem. J., 1903, 30, 412), namely, that it is due to the ready con- 
densation of a carbimide, the primary product of the rearrange- 
ment of a molecule of an acid halogenamide, with a second molecule 
of the latter, and to a subsequent hydrolysis of the condensation 
product. 

The action of caustic soda on the pure chloroamides varies with 
the concentration of the alkali and also apparently with the chloro- 
amide. A molecular proportion of caustic soda in water mainly 
hydrolyses the chloroamide; heat is developed, and only a small 
quantity of alkylacylcarbamide is formed. An «f-alkylacylearb- 
amide was not always the only product; butyrylchloroamide 
yielded propylbutyrylcarbamide slightly contaminated with di- 
propylearbamide (compare Hofmann, loc. cit.), whilst isobutyryl- 
chloroamide yielded mainly the symmetrical ditsopropylcarbamide 
slightly contaminated with tsopropylisobutyrylearbamide (compare 
Hofmann, loc. cit.; Odenwald, loc. cit.). 

From molecular proportions of butyramide and butyrylchloro- 
amide and caustic soda a good yield of the alkylacylcarbamide 
was obtained. The same is true of tsobutyramide, but from the 
corresponding mixture containing acetamide or propionamide no 
carbamide was isolated. 

The carbamides derived in this way were chlorinated and a 
number of new chloro-derivatives obtained, the yields being almost 
theoretical. 

EXPERIMENTAL. 

Preparation of «-Alkylacylcarbamides.—Chlorine, passed into 
a saturated aqueous solution of the amide (1 mol.) at a moderate 
rate, is absorbed with slight evolution of heat; when the 
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passage of chlorine is slow, little or no absorption is observed and 
no heat change. Precipitation of the corresponding monochloro- 
amide occurs in the case of acetamide, butyramide, or isobutyr- 
amide, but not in the case of propionamide. Forty per cent. 
caustic soda (2 mols.) is added drop by drop with cooling to the 
chlorinated solution, when transformation of the chloroamides into 
almost pure alkylacylearbamides takes place at the ordinary 
temperature, and is complete after twenty-four hours. A very 
imitating vapour is given off during the later stages of the reaction. 
Addition of the alkali causes initially precipitation of the impure 
chloroamide in the case of propionamide. In the case of acetamide 
| mol. of alkali is added and the solution, after standing for eighteen 
to twenty-four hours, after which period it becomes decidedly 
viscous, is warmed on the water-bath for a short time, when, on 
cooling, the alkylacylearbamide separates out. 

The alkylacylearbamide was converted into its mono- or di- 
chloro-derivative, unless otherwise stated, by passing chlorine into 
a suspension of 1 gram of carbamide in 10 c.c. of 10 per cent. 
caustic soda. The oily product was extracted with chloroform, 
the chloroform extract dried over anhydrous sodium sulphate, 
and the chloroform evaporated in a current of warm dry air. 


| The residual chloro-derivative obtained was usually a pale yellow, 


viscid oil having a sharp odour. 

For comparison, the yields obtained by Odenwald (loc. cit.) are 
given in brackets. 

«-Acetyl-B-methylcarbamide. Yield 50 per cent. (75 per cent.). 
Monochloro-derivative : Found: Cl = 23-25. NMeCl-CO-NH-COMe 
or NHMe-CO-NCI-COMe requires Cl = 23-55 per cent. 

«-Propionyl-B-ethylcarbamide. Yield 66 per cent. (71 per cent.). , 


} Monochloro-derivative : Found: Cl = 33-56. NEtCl-CO-NH-COEt 
jo: NHEt-CO-NCI-COEt requires Cl = 33-29 per cent. 


Butyrylchloroamide was obtained as a yellow oil on chlorinating 


butyramide in aqueous solution; yield 90 per cent. (Found: 
(l= 30-29. C,H,-CO-NHCI requires Cl = 29-18 per cent.). 


«-Butyryl-8-propylcarbamide. Yield 71 per cent. After one 
wystallisation from hot water, it melted at 100-4—101-4°. Hof- 
mann (loc. cit.) gives as m. p., 99°. 

isoButyrylchloroamide was obtained as a yellow oil on chlorinating 
isobutyramide in aqueous solution; yield 90 per cent. (Found : 
(l= 31-14. CHMe,*CO-NHCI requires Cl = 29-18 per cent.). 

«-isoButyryl-B-isopropylcarbamide. Yield 55 per cent. (22-5 per 
cent.). Monochloro-derivative. The oily chloro-derivative obtained 
by chlorinating the carbamide in alkali or dilute acetic acid 
solidified on standing in a cool place. The solid was purified by 

VOL, CXXIITI. DA 


2782 KRISHNA: SYNTHESIS OF DERIVATIVES OF PHENOTHIOXIN, 


dissolution in the minimum quantity of glacial acetic acid and 
reprecipitation with water; m. p. 97:5° (Found: Cl = 17-28, 
NCIPr*-CO-NH-COPré or NHPréCO-NCI-COPr® requires Cl = 
17-16 per cent.). 

«8-Diisopropylcarbamide. Hofmann (loc. cit.) prepared this com. 
pound by heating isobutyrylbromoamide with dry sodium carbonate 
and extracting the product with ether. Odenwald (loc. cit.) obtained 
it as a by-product in the preparation of tsobutyrylisopropylcarb. 
amide. I obtained it by the action of 10 per cent. caustic soda 
(1 mol.) on 1 mol. of isobutyrylchloroamide. A vigorous reaction 
set in with great development of heat on mixing alkali and chloro. 
amide, and on cooling slightly impure ditsopropylcearbamide 
separated out in a yield of 55 per cent. One crystallisation from 
dilute alcohol gave pure diisopropylearbamide in a yield of 30 per 
cent. 

Dichloro-derivative: Found: Cl = 32:91. NCIPr®*CO-NCIPré 
requires Cl = 33-28 per cent. 

Monochloro-derivative. On chlorinating a suspension of this 
carbamide in dilute acetic acid, an oily product was obtained which 
crystallised in long, rectangular rods on standing for several days. 
The crystals were purified by dissolution in the minimum quantity 
of glacial acetic acid and reprecipitation with water; m. p. 74° 
(Found: C] = 19-69. NCIPr&CO-NHPr* requires Cl = 19-86 per 
cent.). 


_ I wish to express my thanks to Professor Orton, F.R.S., for his 
guidance and criticism; also to the Department of Scientific and 
Industrial Research for a grant which has enabled me to carry out 
the work. 


UNIVERSITY COLLEGE OF NortH WALEs, 
: BANGOR. [Received, September 11th, 1923.] 


CCCXXI.—Synthesis of Derivatives of Phenothioxin. 
By Sri KRisHna. 


SynTHESES of phenothioxin derivatives have been recorded by 
Mauthner (Ber., 1905, 38, 1411) and by Hilditch and Smiles (T., 1911, 
99, 408). In the present communication the synthesis of pheno- 
thioxin derivatives from 6-chloro-3-nitrobenzenesulphinic acid is 
described. This acid condenses with phenols or substituted phenols 
in boiling alkaline solution, and the diphenyl ethers thus obtained 
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lose water in presence of concentrated sulphuric acid or, better, 
acetic anhydride and yield phenothioxins : 
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Condensation to form the dipheny! ether (1) does not take place 
quite so readily as in the case of diphenyl sulphide (this vol., p. 156). 
It is facilitated by prolonged heating at 105—110° in presence of a 
catalyst such as aluminium powder. 

Owing to the extensive sulphonation it causes, sulphuric acid 
is a less suitable dehydrating agent than acetic anhydride; for 
example, in the case of 4-nitro-2-sulphinophenyl $-naphthyl ether 
it produces scarcely any naphthaphenothioxin. 

An unsuccessful attempt was made to obtain a phenothioxin by 
the reactions represented by the scheme 
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2-Nitrophenothioxin and its monoxide (II) form deep blue or 
violet solutions in concentrated sulphuric acid, and in this respect 
resemble the analogous thianthren and _ thiodiphenylamine 
compounds (compare Hilditch and Smiles, (oc. cit.). 


ExPERIMENTAL. 


4-Nitro-2-sulphinodiphenyl Ether (1).—6-Chloro-3-nitrobenzene- 
sulphinic acid (11 grams), dissolved in 40 c.c. of water containing 
2 grams of sodium hydroxide, was slowly added to a boiling solution 
of sodium phenoxide (0-05 mol. in 30 c.c. of water). The mixture 
was boiled at 106—107° for three hours, this temperature being 
attained after addition of 10 grams of anhydrous sodium carbonate. 
The filtered solution was acidified at 0° with 80 per cent. sulphuric 


acid, and the yellow precipitate, having been washed with a little 
5A2 
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cold water, was crystallised from alcohol. 4-Nttro-2-sulphino. 
diphenyl ether crystallises from water in colourless needles, m. p. 131° 
(Found: N= 4-78; S = 11-36. C,,H,O;NS requires N = 5-01; 
S = ]1-47 per cent.). 

In the case of some of the diphenyl ethers described below, it 
was found preferable to shake the acidified solution with ether and 
wash the extract with aqueous sodium carbonate; on acidifying the 
concentrated aqueous extract, the sulphinodiphenyl ether was 
obtained free from phenol. 

3-Nitrophenothioxin (II1).—The preceding sulphinic acid (3 
grams), suspended in 12 c.c. of cold acetic anhydride, was carefully 
treated with 1 c.c. of concentrated sulphuric acid, rise of temperature 
being prevented by cooling the mixture in ice-water. The colour 
of the solution turned purple and after a few minutes a thick, 
yellow precipitate began to separate. After remaining for half an 
hour at room temperature, the mixture was poured into water, and 
the solid was washed with aqueous sodium hydroxide and with hot 
water, and dried in a steam-oven. The product, which was a 
mixture of the phenothioxin and its monoxide (II), was dissolved in 
10 c.c. of glacial acetic acid and treated with 2 c.c. of hydrobromic 
acid. After remaining for two hours on a steam-oven, the solution was 
diluted with water, and the precipitate washed with hot water and 
dried. 3-Nitrophenothioxin crystallises from chloroform or a mixture 
of ligroin and chloroform in minute needles, m. p. 140° (Found: 
C= 58-45; H=2-:99; N=5-77; S=12-79. C,,H,0,NS 
requires C = 58-45; H = 2:85; N= 5-71; S = 13-06 per cent.). 

3-Nitrophenothioxin dioxide was prepared by heating nitric acid 
(d 1-4) with 3-nitrophenothioxin in glacial acetic acid solution 
for three hours on a water-bath, pouring the mixture into water, 
and crystallising the precipitate from acetic acid. The dioxide 
forms plates, m. p. 205—206°; its solution in concentrated sulphuric 
acid is yellow (Found: S= 11-40. C,,.H,O;NS requires S = 11°55 
per cent.). 

6-Chloro-3-nitro-4' -hydroxydiphenyl Sulphide, 

NO,°C,H,Cl’S:C,H,-OH. 
—A solution of phenol (2 grams) and 6-chloro-3-nitrobenzene- 
sulphinic acid (6 grams) in 20 c.c. of concentrated sulphuric acid was 
kept for three hours at room temperature, its deep blue colour 
changing to light green. The yellow solid formed on pouring the 
solution into water was collected, dissolved in cold 2N-sodium 
hydroxide, reprecipitated from the filtered solution with dilvte 
sulphuric acid, washed with hot water, dried, and crystallised from 
acetone, a yellow powder, m. p. 165—167°, being obtained (Found : 
Cl = 13-00; S = 11-72. C,,H,O,NCIS requires Cl = 12-61; S = 11-30 
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per cent.). In the above mixture, together with the diphenyl 
sulphide a product, quite insoluble in alkalis, was formed which 
probably has the constitution NO,°C,H,Cl-S(OH):C,H,-0. 

The following compounds were prepared by methods similar to 
those described above. 

4-Nitro-2-sulphino-4’-methyldiphenyl ether, obtained from p-cresol, 
crystallised from water or dilute alcohol in colourless needles, m. p. 
126° (Found: S = 11-25. C,,H,,0;NS requires S = 10-92 per 
cent.). 

3-Nitro-6-methylphenothioxin crystallises from acetone or chloro- 
form in minute, yellow needles, m. p. 156° (Found: C = 60-00; 
H = 3-61; N = 5:13; S = 12-22. C,,H,O,NS requires C = 60°23 ; 
H= 3°47; N=5°40; S = 12-35 per cent.). 

6-Chloro-3-nitro-6' -hydroxy-3'-methyldiphenyl sulphide separates 
from acetone as a yellowish-grey powder, m. p. 198° (Found: 
(l= 11:72; S=11-01. C,,;H,jO,NCIS requires Cl = 11-97; 
§ = 10-82 per cent.). 

4'-Chloro-4-nitro-2-sulphinodiphenyl ether, obtained from p-chloro- 
phenol, crystallised from alcohol in colourless prisms, m. p. 135° 
(Found: C=45-73; H=2-71; Cl=11-29; S= 10-31. 
C,.H,O;NCIS requires C= 45:93; H=2:55; Cl= 11-32; 
§ = 10-20 per cent.). 

6-Chloro-3-nitrophenothioxin crystallises from chloroform in 
orange-yellow needles, m. p. 128—129° (Found: C= 51-30; 
H= 2-36; Cl=12:53; S=11-6l. C,,H,O,NCIS requires 
C= 51-52; H = 2-14; C= 12-70; S = 11-45 per cent.). 

6-Chloro-3-nitrophenothioxin dioxide was obtained on oxidation 
of the above phenothioxin with chromic acid in acetic acid solution. 
It crystallises from acetic acid in colourless plates, m. p. 183—185° 
(Found: Cl= 11-29; S = 10-63. C,,H,O;NCIS requires Cl = 
11:39; S = 10-27 per cent.). 

6 : 6’-Dichloro-3-nitro-4'-hydroxydiphenyl sulphide, obtained from 
o-chlorophenol, separates from acetone as a yellow powder, m. p. 
186° (Found: Cl = 22:10; S = 10-42. C,,H,O,;NCI1,S requires 
Cl = 22-40; S = 10-12 per cent.). A second substance, m. p. 
262—264°, is obtained during the preparation. Attempts were 
made to obtain 8-chloro-3-nitrophenothioxin, but without success. 

4-Nitro-2-sulphinophenyl 8-naphthyl ether, obtained from 
8-naphthol, crystallises from hot water in light yellow needles, 
m. p. 101° (Found: N = 3-90; S = 9-57. C,,H,,0;NS requires 
N = 4:25; S = 9-72 per cent.). 

3-Nitro-8-naphthaphenothioxin, NO.°C,H, <2 tie separates 


from acetone or chloroform as an orange-yellow powder, m. p. 128°. 
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It dissolves in concentrated sulphuric acid with a green colour 
(Found: C = 64-74; H = 3-51; S = 10-54. C,,H,O,NS requires 
C = 65-68; H = 3-05; S = 10-84 per cent.). 

3-Nitro-8-naphthaphenothioxin dioxide separates from alcohol as a 
yellow powder, m. p. 182°. It dissolves in concentrated sulphuric 
acid, giving a light yellow solution (Found: S = 9-49. C©,,H,O,NS 
requires S = 9-78 per cent.). 


In conclusion, I wish to express my thanks to Professor Smiles, 
F.R.S., for the interest he has taken in this work, and to the Research 
Fund Committee of the Chemical Society for a grant in aid of this 
investigation. 


KiNna’s CoLtLEGE, Lonpon. [Received, August 16th, 1923.] 


COCXXTL.—Synthesis of Substituted Thianthrens. 
Part Il. 


By Sri Krisana. 


THE method by which thianthren was synthesised from 6-chloro- 
3-nitrobenzenesulphinic acid (this vol., p. 156) has now been 
applied to the preparation of its derivatives. 

The requisite substituted diphenyl sulphides were prepared as 
before (loc. cit.), sodium .6-chloro-3-nitrobenzenesulphinate (20 
grams) in water (50 c.c.) being added to a boiling alkaline solution 
of the mercaptan (10 grams in 25 c.c. of water containing 4 grams 
of sodium hydroxide). The substituted diphenyl sulphide obtained 
was washed, dried, and crystallised from a suitable solvent. If the 
sulphide was a viscous oil, it was found advantageous to convert it 
into its sodium salt. 

The sulphides were converted into substituted thianthrens, 


NO.:C,H,<g>R, by treatment with concentrated sulphuric acid 


(loc. cit.), the period of digestion varying from thirty minutes to 
three hours according to the nature of the sulphide. The crude 
product obtained on dilution was treated with dilute sodium 
hydroxide solution, and the undissolved portion washed and dried 
in a desiccator. It usually contained nitrothianthren monoxide, 
which was converted into the thianthren by treating the mixture 
with hydrogen bromide in glacial acetic or formic acid for half an 
hour at room temperature, and for the same period on a water- 
bath, and pouring it into cold water:, the solid was dried, and 
crystallised from a suitable solvent. 
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By treatment in acetic acid solution with zinc dust and con- 
centrated hydrochloric acid, the nitrothianthrens were reduced to 
the amino-compounds, the hydrochlorides of which were precipi- 
tated on diluting the solution with water. The precipitate was 
dried, and crystallised from alcohol. 

The tetroxides were obtained by the method previously described 
(loc. cit). 

The various nitrothianthrens described below develop blue or 
purple colorations in concentrated sulphuric acid; the solutions 
of the lower oxides have a redder tinge, and those of the tetroxides 
are colourless. 

The ortho-position of the sulphur atoms in the 3-nitrothian- 
threns indicated by the method of synthesis is confirmed by the 
nature of the products obtained when 3-nitro-6-methylthianthren 
tetroxide is heated with phosphorus pentachloride, 3 : 4-dichloro- 
toluene and a substance, which is presumably the disulphonyl 
chloride, being formed : 


NO,-CyH<go2>CgHsMe —> NO,-CgH,< S020) + CgHyMeCl,, 
2 SUs 


This fission is similar to that described by Deuss (Ber., 1908, 
44, 2330), who obtained o-dichlorobenzene and _benzene-o-di- 
sulphonyl chloride from thianthren tetroxide. 


ExPERIMENTAL. 


6-Chloro-3-nitrobenzenesulphinic acid has been obtained in 70 per 
cent. yield by a modification of the method of preparation previ- 
ously described (loc. cit.). A mixture of 50 grams of sodium sulphite 
(Na,SO,,9H,O) and 100 grams of crushed ice is employed in the 
reaction and subsequently, by the addition of sodium chloride, 
sodium 6-chloro-3-nitrobenzenesulphinate is precipitated; it crystal- 
lises from absolute alcohol in short, lemon-yellow needles, and 
yields the sulphinic acid on acidification. 

4-Nitro-2-sulphino-4'-methyldiphenyl sulphide, obtained from 
p-tolyl mercaptan, crystallised from chloroform in pale yellow 
needles, m: p. 125° (Found: N = 4:42; S = 21:09. C,,H,,0O,NS, 
requires N = 4:53; S = 20-78 per cent.). 

3-Nitro-6-methylthianthren, NO,-C,Hy<S>C,HsMe, crystallised 
from formic acid or a mixture of ligroin and glacial acetic acid in 
orange needles, m. p. 159—160°. It develops a bright purple 
colour with concentrated sulphuric acid and is precipitated un- 
changed on addition of water (Found: C = 56-83; H = 3-51: 
§ = 23:18. C,,H,O,NS, requires C = 56-72; H = 3-28; 8 = 23:27 
per cent.). 
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3-Amino-6-methylthianthren hydrochloride crystallised in colour. 
less needles, m. p. 256° (Found: N = 12-45; S = 22.75, 


C,,H,.NCIS, requires N = 12-61; S = 22-73 per cent.). 

3-Nitro-6-methylthianthren Tetroxide—A solution of 3-nitro-6. 
methylthianthren in acetic acid was warmed for five hours at 
50—70° with the calculated quantity of potassium permanganate, 
the reaction having been started by means of a few drops of strong 
sulphuric acid. The mixture was poured into excess of sulphurous 
acid, and the cream-white or orange precipitate was washed, dried, 
and crystallised from acetic acid with the aid of animal charcoal; 
the tetroxide was obtained in colourless plates, m. p. 256° (Found : 
N = 4:00; S = 19-01. C,,H,O,NS, requires N = 4:14; S = 18-87 
per cent.). 

Three grams of the tetroxide were heated with 20 grams of finely 
powdered phosphorus pentachloride in a sealed tube for four hours 
at 250—280°. The brown oil obtained was poured over crushed 
ice, the resulting paste shaken with ether, and the semi-solid residue 
obtained after evaporation of the solvent was drained on porous 
plate. The absorbed oil was removed with ether and identified 
as 3: 4-dichlorotoluene. The solid residue was presumably nitro- 
benzene-3 : 4-disulphonyl chloride, but has not yet been fully 
characterised. It crystallised in colourless needles, m. p. 125°, 
from benzene or ether, in which it was extremely soluble (Found : 
S = 19-62. C,H,0,NCI1S, requires S = 20-00 per cent.). 

4-Nitro-2-sulphino-4’ : 6’-dimethyldiphenyl sulphide, prepared 
from m-xylyl-4-mercaptan, was isolated as the sodium salt 
(Found : N = 4-22;S = 19-00. C,,H,,0,NS,Na requires N = 4-05; 
S = 18-55 per cent.). 

3-Nitro-6 : 8-dimethylthianthren separates from acetic acid, 
acetone, or alcohol as a yellow, crystalline powder, m. p. 142—144° 
(Found: C= 58-52; H=4-21; 8S = 22-34. C,,H,,0,NS, re- 
quires C = 58:13; H = 4-20; S = 22-14 per cent.). 

4-Methoxy-m-tolyl Mercaptan,* OMe-C,H,Me‘SH.—A mixture of 
20 grams of 3-chlorosulphonyl-p-tolyl methyl ether (Stewart, T., 
1922, 121, 2558) and 50 grams of granulated tin was heated under 
reflux with 120 c.c. of concentrated hydrochloric acid. When all 
the tin had dissolved, the mixture was distilled in steam, and the 
oily distillate frozen. The mercaptan was further purified by 
pouring its warm alcoholic solution over ice, when it separated in 
white plates, m. p. 40° (Found: C = 62:00; H = 4-62. C,H,,08 
requires C = 62-33; H = 6-48 per cent.). 

4-Nitro-6'-methoxy-2-sulphino-3'-methyldiphenyl sulphide, _ pre- 


* The experimental data were supplied by Mr, D. T. Gibson, to whom the 
author is indebted. 
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pared from the above mercaptan, crystallised from benzene in 
sender, yellow needles, m. p. 130—131° (Found: N = 4:35; 
§= 19-16. C,,H,,0,NS, requires N = 4:13; S = 18-87 per cent.). 

3-Nitro-8-methoxy-5-methylthianthren separated from acetic acid 
as an orange-yellow, microcrystalline powder, m. p. 189—190° 
(Found : C = 54-85; H = 3-72; N = 4-21;S = 21-30. C,,H,,0,NS, 
requires C = 55-08; H = 3-60; N = 4:58; S = 20-98 per cent.). 

3-Amino-8-methoxy-5-methylthianthren hydrochloride crystallised 
from alcohol in needles, m. p. 221°. It can be sublimed at 230°/ 
10mm. (Found: Cl = 11-54; S = 20-32. C,,H,,ONCIS, requires 
(l= 11:39; S = 20-54 per cent.). 

4-Nitro-2-sulphino-5'(or 3')-carboxydiphenyl sulphide, obtained 
from m-thiobenzoic acid (Stewart, T., 1921, 119, 1792), crystallised 
from glacial acetic acid in yellow plates, m. p. 166—168° (Found : 
§ = 18-84. C,,H,O,NS, requires S = 18-87 per cent.). 

The ammonium salt crystallised in colourless prisms. 

3-Nitrothianthren-T(or 5)-carboxylic acid was obtained from 
acetic acid as a crystalline powder, m. p. 272—-273°. It dissolves 
in concentrated sulphuric acid, forming a red solution (Found : 
N = 4-84; S = 21-30. C,,H,O,NS, requires N = 4:59; S = 20-97 
per cent.). 

The hydrochloride of the amino-derivative crystallised from dilute 
acetic acid in plates, m. p. 239° (Found: Cl = 11-58; S = 20-69. 
(13H, ,O.NCIS, requires Cl = 11-39; S = 20-54 per cent.). 

3-Nitrothianthren tetroxide T(or 5)-carboxylic acid crystallised 
from dilute acetic acid or alcohol in colourless plates melting above 
285° (Found: N=3-60; S = 17-46. C,,H,O,NS, requires 
N = 3-79; S = 17-34 per cent.). 

4’-Chloro-4-nitro-2-sulphinodiphenyl sulphide, obtained, from 
p-chlorophenyl mercaptan (Ber., 1881, 14, 1437), crystallised from 
chloroform in feathery needles, m. p. 115° (Found: Cl = 10-42; 
S= 19:01. C,,H,O,NCIS, requires Cl = 10:77; S = 19-42 per 
cent.). 

6-Chloro-3-nitrothianthren crystallised from hot xylene in yellow 
prisms, m. p. 215° (Found: C = 48-71; H=2-18; N = 4-92; 
Cl= 11:98; S= 22:01. ©C,.H,O,NCIS, requires C = 48-73; 

= 2:03; N = 4:73; Cl = 12:01; S = 21-99 per cent.). 

6-Chloro-3-aminothianthren hydrochloride crystallised from hot 
dilute alcohol in colourless, feathery needles, m. p. 272° 
(Found: Cl = 23-42; S = 21-51. C,,HgNCI,S, requires Cl = 23-51 ; 
S = 21-19 per cent.). 

6-Chloro-3-nitrothianthren tetroxide crystallised from acetic acid 
in colourless plates, m. p. 251—253° (Found : Cl = 10-21; 8 = 18-10, 
C,.H,O,NCIS, requires Cl = 9-88; S = 17-80 per cent.). M 
vA 


2790 ORTON AND BAYLISS: 


2:5-Dichlorophenyl mercaptan was prepared by reducing 20 
grams of 2: 5-dichlorobenzenesulphonyl chloride (Stewart, loc. 
cit.) with tin (50 grams) and hydrochloric acid (100 c.c.) as in the 
case of 3-chlorosulphonyl-p-tolyl methyl ether (vide supra). The 
solid obtained after the distillation with steam crystallised from 
alcohol in needles, m. p. 28° (Found: Cl = 39-73; S = 18-10. 
Calc., Cl = 39-66; S = 17-91 per cent.). On oxidation with ferric 
chloride, it gave the corresponding disulphide, which was identified 
by the melting point of its mixture with a specimen obtained from 
another source. 

3’ : 6'-Dichloro-4-nitro-2-sulphinodiphenyl sulphide was isolated 
as the sodium salt, which crystallised on cooling its boiling alkaline 
solution; on recrystallisation from water, it formed orange plates 
(Found: Cl= 18-00; S = 16-63. C,,H,O,NCI,S,Na requires 
Cl = 18-39; S = 16-58 per cent.). 

5: 8-Dichloro-3-nitrothianthren crystallised from acetic acid in 
small, orange prisms, m. p. 220° (Found: C = 43-31; H = 1:83; 
N=452; Cl= 21-44; S=19-72. C,,H;0,NCI,S, requires 
C= 43-63; H=1-51; N=4-24; Cl= 21-51; S = 19-42 per 
cent.). 

The tetroxide, prepared by oxidising 5 : 8-dichloro-3-nitrothianthren 
in boiling acetic acid with fuming nitric acid, crystallised from acetic 
acid in plates, m. p. 251—253° (Found: Cl = 17-88; S = 16-82. 
C,.H;0,NCI,S, requires Cl = 18-02; S = 16-24 per cent.). 


Kine’s CoLLtecEe, Lonpon. (Received, August 13th, 1923.] 


CCCXXIII.—Substituted Phenyldichloroamines. 


By Kennepy Joseru Previt& Orton and (the late) Jonn Epwin 
BaYLiss. 


InpDIcaTIons that anilines yield chloroamines as do aliphatic amines 
were obtained by Chattaway and Orton (T., 1901, 79, 461), who 
found that in anhydrous media such a chloroamine as acetyl- 
chloroamino-2 : 4-dichlorobenzene, C,H,Cl,,NClAc, and _ s-tri- 
chloroaniline yielded hexachloroazobenzene, and an oily unstable 
by-product which was probably the chloroamine of the aniline. 
Further, more definite evidence of the formation of such chloro- 
amines was obtained in the method used by Orton and M. Jones 
(T., 1912, 101, 1708) in analysing mixtures of anilines and 
anilides by converting the latter into chloroamines, which were 
frequently contaminated with phenylchloroamines. Later, Gold- 
schmidt (Ber., 1913, 47, 2728) succeeded in isolating pheny!di- 
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chloroamine—an oil—and s-trichloropheriyldichloroamine—a glassy 
solid at — 80°—by treatment of the anilines with an ethereal solu- 
tion of hypochlorous acid at very low temperatures. 

The great instability of the dichloroamines of substituted anilines 
seems to depend on the readiness with which they are hydrolysed, 
but it is questionable whether they exceed in this respect the 
s-trisubstituted phenylchloronitroamines, C,H,X,°NCl-NO,, which 
can be prepared in the crystalline state at the ordinary temperature 
(Orton, T., 1902, 81, 965). In the reversible equilibrium, :NCI +- 
H,O == HClO+°:NH, which undoubtedly exists in aqueous solution 
(Orton and Gray, Brit. Assoc. Reports, 1913, 136), where the equili- 
brium constant, K = [HCIO][/°NH]/[°NCl], the relative solubilities 
of the chloroamine and amine will play a very important part, if 
K is large, or in other words if the concentration of hypochlorous 
acid has a high value at the state of equilibrium. When the amine 
has a very low solubility and K is large, on bringing the chloro- 
amine in contact with water, very extensive, or in limiting cases, 
even complete hydrolysis may result. Conversely, it may not be 
possible in a given case to attain a sufficiently high concentration 
of hypochlorous acid in water to convert completely the amine into 
chloroamine. The relatively high solubility of the nitroamines 
made possible the isolation of the chloronitroamines by use of 
dilute hypochlorous acid. Experiments with several s-trisub- 
stituted anilines illustrate this aspect. Some dichloroamines can 
be prepared by treatment of the solution of the aniline in glacial 
acetic acid with aqueous bleaching powder. Thus the dichloro- 
amines derived from 2: 4-dichloro-6-nitro- and 2 : 6-dichloro-4- 
nitro-anilines are obtained pure by this method, whilst with others, 
s-trichloroaniline, 2-chloro-4 : 6-dinitroaniline, s-trinitroaniline, the 
dichloroamine is mixed with unchanged aniline and the correspond- 
ing azobenzene, which is possibly formed thus: 2C,H,X,*-NHCl = 
C,H,X,"N°N-C,H,X, -+ 2HCl. 

A purer product is obtained by shaking the chloroform solu- 
tion of the aniline with a solution of potassium hypochlorite and 
potassium hydrogen carbonate, in which hypochlorous acid is at a 
higher concentration. 

The chloroamines from brominated anilines, for example, s-tri- 
bromoaniline, rapidly decompose at the ordinary temperature with 
the appearance of bromine. Those derived from substituted 
toluidines also undergo very rapidly a profound decomposition. 

Like all chloroamines, these dichloroamines of the anilines are 
reconverted quantitatively into the anilines by excess of reducing 
agents, but azo-compounds also are formed with small proportions 


of such agents. 
5 a*2 
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2 : 4-Dichloro-6-nitrophenyldichloroamine and 2: 6-Dichloro-4- 
nitrophenyldichloroamine, NO,°C,H,Cl,"NCl,—To 1 gram of the 
aniline dissolved in 100 c.c. of glacial acetic acid 150 c.c. of 1:1N- 
bleaching powder solution were added at intervals. The milky 
mixture was diluted with 250 c.c. of water and then extracted with 
chloroform three times (15, 10, and 5c.c.). The extract was agitated 
with 100 c.c. of diluted bleaching powder solution and then evapor- 
ated at 0° under reduced pressure in a slow current of dust-free, 
dry pure air. The viscous, yellow oil was nearly pure dichloroamine 
(Found: for the former, Cl as -NCl, = 25°4; for the latter, Cl as 
“NCI, = 25°0. Calc. for NO,°C,H,Cl,*NCl,, Cl = 25°7 per cent.), 
The product of reduction in both cases was the corresponding pure 
aniline (melting points 99° and 188°). 

The shaking of the chloroform solution with a solution of 
potassium hypochlorite (ClO’ at a concentration of 0°3—0°4N) 
and potassium hydrogen carbonate gave as good results with the 
above anilines. When the hypochlorite was in large excess, about 
an hour’s shaking sufficed. By the latter method 2-chloro-4 : 6- 
dinitroaniline gave a product containing 93 per cent. of the dichloro- 
amine. Owing to the low solubility of the aniline, which was at 
first mainly suspended in the chloroform, the shaking was much 
prolonged. The product from s-trichloroaniline contained at best 
about 50 per cent. of dichloroamine. 

In dry atmospheres, the oils could be kept for some time without 
change, but later the colour deepened as decomposition increased. 


UNIVERSITY COLLEGE OF NorTH WALEs, 
BANGOR. [Received, October 2nd, 1923. ] 


CCCXXIV.—The Colour of Monocyclic Substances 
Calculated by Assigning an Absorption Band to 
Each Possible Tautomeric Form. 


By James Mor. 


In the addendum to my paper on the azo-dyes (T., 1922, 121, 
1562), I directed attention to the fact that the spectrum of ordinary 
hydroxyazobenzene shows closely overlapping double bands, and 
indicated that it is possible to calculate the position of each band 
separately on the assumption that the orbit in the case of the higher 
band goes from the oxygen to the nearer nitrogen atom [formula 
of the hydroxylated compound Ph-NH-N(OH)-C,H,°OH], whereas 
for the lower band the oxygen and the outer nitrogen atom are 
concerned [Ph-N(OH)-NH-C,H,°OH]. 


* * 
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Surprise may be felt that the lower band belongs to the orbit 
which is apparently the larger of the two; but it may be pointed 
out that stereochemically both nitrogen atoms are at about the 
same distance from the other end of the molecule. Cain (T., 1907, 
91, 1054) has even depicted the nitrogen atoms as superposed on the 
benzene ring, with the “outer” nitrogen atom nearer the auxochrome. 

Continuing my investigations, I discovered that probably all 
the members of the azo- and azomethine families exhibit this 
double-banded spectrum ; sometimes (as in acid solutions of methy]l- 
red and dimethylaminoazobenzene) both bands are very distinct; 
sometimes, again, they so overlap that only the faintest luminosity 
appears in the middle, and the band has the semblance of a single 
very broad one. In this case, the position of the centres of the two 
bands can only be guessed at, with a possible error of 10 units. 

Again, all the substances change colour if made acid or alkaline, 
and thus give three kinds of spectrum if the hydrion-concentration 
of the medium is varied. 

Since all the absorption bands are double, each substance is 
capable of exhibiting six different bands. It is the object of this 
paper to calculate the position of all the six bands of each substance 
on the assumption that each of the six represents the orbit of an 
electron in the “active” part of the molecule, each band thus 
corresponding to a definite tautomeric formula of the substance. 

In the case of p-hydroxyazobenzene and of p-dimethylamino- 
azobenzene, the six tautomeric formulz and the band corresponding 
to each, respectively, are given in Table I. 


TABLE I. 
A. Phase. 
PhNH-N(OH)-CeH,O’ 2.2... .ceccccevevees 433) Alkaline 
PhN(OH)-NH-C,H,O’ .......ceceeceseeeees 395) (deep yellow), 
SPAN INVERC1C OE Ci... ccccsccccccceeses 491) Acid 
CPR CCR. cnecnssnccccsvnescese 461 (salmon-orange). 
PRIN CeO nc ceccccccccccssccscossers about 340) Neutral 
PRIETO | i .ocsccccccsescovesssvesess about 315f (pale yellow). 
* PhN:NVHCI-C,H,-N’Me,,HC1 ..........-. 543) Acid 
* PhNVHCI:N-C,H,:NYMe,,HCl ..........+. 508 J (rose-pink). 
* PhNH-N(OH)-C,H,-N’Me,,HCl ......... 491\ Acidic (pq = 6) 
* PhN(OH)-NH-C,H,-NYMe,,.HCl ......... 460f (salmon-orange). 
igi eo A) Se about 405) Alkaline 
PhNH-N:C,H,NY’Me,(OH) ( 2) ........++- about 375/ (pale yellow). 


* The chlorine in these compounds in solution is, of course, ionised, but its 
symbol is inserted in the formule to preserve the conventional quinquevalency 
of nitrogen, this element being really quadrivalent when ionised (Lewis- 
Langmuir theory). 


Calculation of the Position of the Six Bands. 


A. Hydroxy-compounds.—The phenoxide-ion, C,H,*O’, which has 
its band at A 288 in water, is the parent-substance. If the oximino- 
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group, -NOH, is interposed, we get H:N(OH)-C,H,:O’, which is 
the ‘ hydroxylated ’ formula for (ionised) quinoneimine. 

If the anilino-group, PhNH, be next substituted for hydrogen, 
we get PhNH-N(OH)-C,H,:O’, which is the first of the six formule 
for hydroxyazobenzene. 

The colour-factor for the «-oximino-interposition is 1°20 (T., 1922, 
121, 1555, 1558), and the factor for the anilino-substitution is 1:25. 

The calculation is, as before, factorial : quinoneimine (calculated 
A) = 288 x 1:20 = 346; alkaline (ionised) hydroxyazobenzene 
(cale. A) = 346 « 1:25 = 432. 

To get the second tautomeric variety of hydroxyazobenzene, 
we proceed as above in the reverse order, namely, -NH: is first 
interposed, giving H-NH-C,H,°O’ (ionised p-aminophenol); then 
the phenyloximino-group, PhN(OH), is substituted for hydrogen, 
giving PhN(OH)-NH-C,H,-0’, the required second tautomeride of 
hydroxyazobenzene. 

The colour-factor for imino-interposition is 1:09, and for pheny]- 
oximino-substitution 1°26. The calculated » of p-aminophenol is 
thus 288 x 1:09 = 314, and that of the second hydroxyazobenzene 
is 314 x 1:26 = 396. 

To calculate the third and fourth (the acid) phases, we simply 
multiply the results already obtained by an “ acid ionising factor,” 
the value of which is 1:13: 


Calculated for PhN-NYHCI-C,H,°OH, 432 x 1:13 = 488. 
», PhNYHCIN-C,H,°OH, 396 x 1:13 = 447. 

To calculate the position of the remaining two bands (neutral 
phase) we simply multiply the results of the calculations for the 
ionised forms by the factor 0°8, giving 432 x 0°8 (= 345) and 
396 x 0°S (= 316). The positions of all six bands are thus 
calculated. 

B. Amino-compounds.—An ionised (alkaline) hydroxy-compound 
having been thus investigated, it is found that the position of the 
bands of the corresponding amino-compound can be calculated 
by multiplying the figures for the alkaline hydroxy-compound 
by 1:2 * when acid ionisation is compared with alkaline ionisation, 


that is, when NH,Ac takes the place of O’. Thus acid p-amino- 
azobenzene has the calculated A = 432 x 1:2 = 518 for its highest 
band. When, however, an acid amino-compound is compared 
with the acid phase of the corresponding hydroxy-compound, the 
factor is less, being indeed 1:2 + 1°13 (the acid ionising factor). 
Comparing again a neutral (or acidic at pa = 6) solution of an 
amino-compound with an acid solution of the corresponding hydroxy- 


* Provisional value, probably rather toa high. 
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compound, we find the positions of the bands to be nearly the same, 
the former being the lower and the factor being 1:2 x 0°8 + 1°13. 

C. Dimethylamino-compounds.—Similarly, the factor for cal- 
culating the position of the bands of the acid phase of these com- 
pounds from those of the alkaline phase of the hydroxy-compounds 


is 1:26 (factor for NHMe,Ac/O’). Thus acid dimethylaminoazo- 
benzene has the calculated A = 432 « 1:26 = 544 for its highest 
band. 

When, however, the bands of acid phases in both substances 
are compared, the factor becomes 1:26 -- 1:13 = 1:12. Apparently 
the factor 1:26 is the square of the “ acid ionisation factor ” within 
the limits of experimental error. The practical result is that the 
neutral solution (acidic at py = 6) of any dimethylamino-compound 
of this class shows the same bands as the acid solution of the corre- 
sponding hydroxy-compound, and these bands are halfway 
between those of the acid dimethylamino-compounds and those of 
the alkaline hydroxy-compound. 


The Azomethines. 

These are of two kinds, (1) the type PhN°‘CH-C,H,A and (2) the 
type PhCH:N-C,H,A, in which A is any auxochrome. 

The position of the bands of the former are calculated from the 
hydroxylated formule PhCH(OH)-NH-C,H,A and 

PhCH,°N(OH):C,H,A, 

starting with (a) p-aminophenol and a hydroxybenzyl factor and 
(b) p-hydroxylaminophenol (quinoneimine) and a benzyl factor, 
whilst those of the latter are calculated by the reverse process, 
which need not be specified in detail (see T., 1922, 121, 1558), 
starting with -CH,* and -CH(OH): interpositions. All agree suffi- 
ciently well with observation. 

The following table gives all the colour-factors required : 


TABLE II. 
Monocyclic colour-factors. 

Name. Value. 
a-Methylene- er CH, Rone pakes peasy sever osiageanevates 0-93 * 
SIMINGO- «gg NTRS so cnececccccisvnesocensesenevecss 1-09 * 
a-Carbinol- en ’ CH(OH)- caecanGdiaeswawemmieecseas 1-017 * 
a-Oximino- + p MCE D? wes dade staan scsnvbinienbendoes 1-20 * 
B-Benzyl,t PhCH,  ...-.sseessesseeerececeeceeetenerecseeeeeeeenecees 1-135 
B-Anilino, PANH  .........cccccccccovccseccccsccssesscsscscssccescosoes 1-25 
B-Phenylearbinol (hydroxybenzyl), Ph-CH(OH) ..............- 1-17 
B-Phenyloximino, Ph-N(OH) ..........csceeseeversereeeeeeceereeees 1-26 
a-Phenyl-substitution .........s.ssseeeeseesseenerererereeeeeeeeeeeees 1-135 


* Practically the same as before (T., 1922, 121, 1555, 1558). 
+ The groups of the £-factors are substituents of the a-positions; their 
phenyl group is a substituent in the 8-position from the ring. 
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We now proceed to calculate the position of the band in all the 
simple hydroxy-compounds. The simpler ones of course, not being 
azo- or azomethine compounds, have only one band. 


TaBLE III. 
Calculation of the position of the bands of simple hydroxy. 
compounds. 
Name. Basis of calculation. Result (a). h 
Quinol (ionised) p-Hydroxybenzy] alcohol t ° 
minus a-CH, 316 pet 
p-Hydroxybenzaldehyde Quinol x a-CH(OH) 321* not 
p-Hydroxybenzophenone Foregoing X< a-Ph 364 
p-Hydroxybenzy! alcohol Phenoxide x a-CH(OH) 293 unc 
p-Hydroxybenzhydrol Foregoing < a-Ph 332 
Fuchsone Foregoing again X a-Ph 378 
Quinoneanil Quinoneimine x a-Ph 390 f 
p-Hydroxydiphenylamine Aminophenol X a-Ph 356 , 
Quinoneoxime Quinol x a-NOH 379 ta 


p-Hydroxybenzylideneaniline Phenoxide xa-CH(OH) x 8-PhNH 366 (upper) fro 
ie xa-CH, X8-PhN-OH = 338 (lower) 


p-Benzylideneaminophenol i xa-NOHX-PhCH, 393 pel 
” % a-NH x 8-PhCH(OH) 367 pio 
p-Hydroxystilbene ee > a-CH(OH) x 8-PhCH, 333 use 


% %» x a-CH, x 8-PhCH(OH) 314 


* This value differs from the observed value (Table V) by 9 units. 


It is to be noted that where the parent substance in the “ basis 
of calculation’ is not phenoxide, the position of its band can yet 
be derived immediately from that of the phenoxide-ion by use of 
the same set of colour-factors. 

The positions of the bands of the monocyclic phthaleins also 
may be calculated from the foregoing results, by using the 
C,H,°CO,H/C,H, factor previously published. 

All the possible hydroxy-compounds have thus been considered, 
excepting two, the absorption spectra of which have not been 
observed, namely, p-hydroxystilbene oxide (cale. 343) and 
p-hydroxyazoxybenzene (calc. 4 436), corresponding to the hydr- 
oxylated formule Ph-CH(OH)-CH(OH)-C,H,°OH and 

Ph-N(OH)-N(OH)-C,H,:OH. 


Amino- and Dimethylamino-compounds. 


Table IV contains the calculated values of the position of the 
bands in the remaining amino- and dimethylamino-compounds, 
namely, those not already calculated under sections B and C. 

The positions of the bands of most of the simpler members of 
the series are also calculable from the results for the hydroxy- 
compounds (Table III), but the method of calculation does not 
hold for the very simplest leuco-compounds. ‘Thus the ratio of 
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TABLE IV. 

Name. Cale. A. 
Dimethylfuchsonium-ion —..........eeeeeeee 476 
p-Nitrosodimethylaniline-ion —............ 477 
Phenyldimethylquinonedi-imine ......... 491 
Aminobenzylideneaniline —.............++0++ 440 (upper), 406 (lower) 
Benzylidene-p-phenylenediamine ......... 472 (upper), 440 (lower) 
Dimethylaminobenzylideneaniline ...... 461 (upper), 426 (lower) 


Benzylidenedimethylphenylenediamine . 495 (upper), 462 (lower) 


the numbers for the bands of dimethyltoluidine and of the tolyl- 
oxide-ion is only 1:05 instead of 1:26. Perhaps agreement should 
not be expected when one of the groups on the ring is merely 
unoxidised methyl. 

Observations. 


All these calculated results may be compared with the following 
tables of observed values, almost all of which have been obtained 
from photographs, taken with a grating instrument of low dis- 
persion (so as to get narrow bands). Nearly all the work of the 
pioneers in colour chemistry has been repeated, water having been 
used as the solvent, so that all observations should be comparable 
with the highly-ionised solutions of the dyes previously investigated. 


TABLE V. 


The bands of normally ionised substances observed in water 


solution. 

Name of ion. A. 
PUCHORIGS — oocesiccornasecsocsseccereevessess pioweewenese 288 (287) * 
Tolyloxide (Para) — .......cesccceccocsessoesccsseosceoe 295 

oe GRID sesacrevescnctscsscsanwncsestiosenese 289 

oe NN esas ooce 95008 weasenecersxrsesans 287 
p-Hydroxybenzyl] alcohol .............sceeeeeeeeeees 293 (290) 
p-Hydroxybenzaldehyde ............:.seeeseeeeseeeees 330 
p-Hydroxybenzoate (phenolic) —..... ee seeeeeeees 274 
« ASRIRGTIOROSIOD cnncccccvocccspsecvecesvccsesosceses 310 
p-Nitrosophenoxide —.........e eee eeeeee seers Ranioen 400 
p-Nitrophenoxide .........0..scseesseeereeeeeeeeceesees 390 
DRED aibccctcsonckookiseseedeivocacuspseseesheunetssyes 315 (316) 
p-Tolylearbinol (aq. NaOH)  ..........scsseeeecevees 304 
MAME Se dosuscsovcssvevenssunvecessessescosocwsssss 260 and 288 
p-Aminobenzyl alcohol  .........sseeseeeeeeeeeeeeeees 335 
9-AMIMNODEDLAIGENYVGS .....0..0vrcccccsecseeseoevecese 350 
m- Se: gS SGaaeeweshnsysceusberecesinyooes 340 vague 
p-Aminobenzoate (alkaline)  ...........seeeeeeeeeees 292 
Dimethylaniline acetate (water)  ...........seeee 300 and 345 (vague) 

os gg MED) srk cecctncnines soe 305 and 355 
Dimethyl-p-toluidine  ............cscccescccsccceseeees 300 
p-Dimethylaminobenzyl alcohol — ..............000+ 315 ( 2) 
p-Dimethylaminobenzaldehyde —............e+e0+ 359 + 
p-Dimethylaminobenzoate (alkaline) ............ 316 
BaliGyinte (BRONOCNG) oo. .cccccccvcsccseccccesovesecsce 306 

pe TINE 1 Sees rence cde kgncusewspsrecese 300 


* Predicted values are given in brackets. f Also a small step at 375 or 380. 
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TABLE V_ (continued). 


The bands of normally ionised substances observed in water 


solution. 
Name of ion. A. 

MERI hs oh aie se hick eti dessa siesiesdeereseowswedsosedties 293 

ID «5 vets Gisenvonceserrrasvmssnnessmoswausics 380 

Protocatechuate (tervalent)....,........scseessessceees 328 

Protocatechualdehyde (bivalent) ...............65. 363 

ED vipisinin tctinintaianatinmanseereneorrinreiies 350 

4-Hydroxy-l-naphthaldehyde ..................06. 374 

D-APVALOEY DONT YOO! ....0.c0csccceecsesessssascesses es 320 (329) 

p-Hydroxybenzophenone —.........csccesesscssceeees 350 

p-Hydroxyphenylphthalide —.................ceeeeeee 345 

p-Hydroxybenzoylbenzoate — ............cceeeeseeees 350 

3: 4-Dihydroxybenzophenone _ ..............eeeeeee 379 

DAE POUNIEVRUNOOUD  osccssvens ppcidensdgtontgsesssdsesee 329 

PAUP ALORVATOVOREENG 2.0.2.0s0cicccccccstecsessiovssecest 433 and 395 

p-Dimethylaminophenoxide ............eseeeeeeeees 325 

p-Dimethylaminobenzhydrol ............sseeeeeeeees 400 but probably 
double 

p-Dimethylaminostilbene  ...........scceceeccseceees 355 * 

p-Hydroxybenzylideneaniline f ............sseeeeees 377 and 340 

Quinonedioxime (conc. NaOH) ...........ceseeeeees 366 

Quinhydrone (dil. NaHCO,)  ..............seeeeeeees 480 and about 800(735) 

P-AIMINOBTODENTONOC .00ccssncserscccsevscsccsovecesesees 510 and 478 

p-Aminobenzylideneaniline — ............ceceeeeeeees 440 and 415 

p-Aminodiphenylamine  ............sccccccccecceeeecs 336 

p-Nitrosodimethylaniline — ...........ssscccsssscccees 458 and 350 

P-MIGTOAMMOURVIATING. ..o.0.0.0050sc0cccccepesseceeseses 400 and 365 

p-Aminodimethylaniline — .........scccccccceeceesecs 327 and 290 

p-Dimethylaminodiphenylamine _ ...............66. 350 and 295 

Phenyldimethylquinonedi-imine .................. 490 and 460 (497, 466) 

Benzylidene-p-aminophenoxide _ ...............00 395 and 367 

Benzylidene-p-phenylenediamine ................4 462, probably double 

Polymeric p-aminobenzaldehyde  ..............+++ 415 


* Another band visible at A320 probably belongs to the non-ionised 
substance. 

ft All the published spectroscopic work on azomethines (Hewitt and Pope, 
etc.) is useless for the present purpose because solutions were employed 
which were much too concentrated, and only one edge of the band was observed. 


The absorption bands of phenolic substances were observed in 
presence of sufficient sodium hydroxide to give a fairly high ionisa- 
tion, and amino-compounds in presence of 10 per cent. acetic acid; 
mineral acid should not be used, since fully ionised amino-com- 
pounds are rendered inactive and then display a spectrum similar 
to that of benzene (see Hartley’s and Baly’s work). 


Apparent Exceptions. 


Some substances, such as nitrosophenol, form apparent exceptions 
to the laws given above, inasmuch as they are unaffected in colour 
by a gross change of hydrion concentration from strongly acid to 
strongly alkaline so long as the substance remains ionised either 
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as an alkaline or an acid ion. These substances, which contain 
either no nitrogen at all, or nitrogen incapable of assuming its 
higher valency, have only two (not six) bands, one of which 
belongs to the ionised, and the other to the non-ionised, condition. 
It is important to note that the ion of these substances has its 
band in the same. position whether it is acid or alkaline. Thus 
p-hydroxybenzaldehyde exhibits a band at \ 330 when examined 
either in sodium hydroxide solution (ion CHO-C,H,°O’), or in 
concentrated hydrochloric acid (ion CHO-C,H H,-O''H, *); whereas 
free (non-ionised) p-hydroxybenzaldehyde has its band at A 285. 
Table VI gives examples of these substances. 


TABLE VI. 


Abnormally-ionised substances. 


Name. A. 
p-Nitrosophenol in conc, H,SO, ...........sseceeesecereeeeees 405 and 333 
p-Hydroxybenzaldehyde in conc. HCL ..........eeee eee eee 330 
D-AMINOGREROL 1G. HO) oiscscsesvcsrissvcosevesscnceses 277 
-NEGPORGDREHO! IR GU. TIC] — ....o.ccscevescvesssseccoencessncs 390 
p-Aminobenzaldehyde in dil. HC] —...... ee eeeeeeeeeeeeees 282 
p-Hydroxybenzylideneaniline in glacial acetic acid ... 420 and 390 
Benzylidene-p-aminophenol _ ,, em ogy) eee”~=S 448 and 415 


For comparison, a list of the observed bands of the free substances 
is given in Table VII. 


TABLE VIT. 


Non-ionised substances. 


Name. A. Name. A. 
RE Siernencepoennnscgeos 284 p-Hydroxybenzoic acid 255 
Dimethylaniline ......... 294 and 252 p-Hydroxyazobenzene . 328 
p-Aminobenzaldehyde . 318 Quinonedi-imine (ether) 340 
p-Phenylenediamine ... 318 p-Nitrosoaniline......... 410 and 360 
p-Dimethylaminophenol 285 p-Nitroaniline......... 371 
p-Dimethylaminobenzoic p-Dimethylaminoazo- 
EEE... chueeebsbece ees 330 benzene ........ 2000. 491 and 460 
p-Aminoazobenzene p-Nitrosodimethyl- 
DRED cccccccccccccscces 440 and 408 aniline ........cec0ss 417 fF 
Quinoneimine (ether) ... 355 * p-Aminobenzoic acid ... 306 
Salicylic acid ............ 302 p-Nitrosophenol ......... 310 
p-Hydroxybenzaldehyde 285 p-Hydroxybenzoate ... 250 
Geena — es covcecsepenes 275 PROBE: cnt goers seserevenes 270 ft 
Nitrosobenzene (ether, p-Dimethylaminobenzalde- 
chloroform, etc.) ... 730 REN! eeccnoannteseue 335 
Salicylaldehyde __........ 335 and 255 
Quinone-anil ............ 390 
* About A 350 in water. ¢ Also another at about A 730 in the red. 


t Close to that of benzene a. 
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The substances of the nitrosophenol type show another abnor. 
mality, namely, that the factor to be used in calculating the positions 
of the bands of amino- or dimethylamino-compounds from thoge 
of hydroxy-compounds is only 1°13 instead of 1:26, taking the 
latter case. The normal factor 1:26 is approximately the square 
of 1-13, and apparently it comes into play only when nitrogen in 
the linking as well as the nitrogen in the dimethylamino-group 
assumes its higher valency. Examples are dimethylaminostilbene 
and dimethylaminobenzaldehyde. 


Summary and Conclusions. 


Such a substance as sodium phenoxide, consisting of a nucleus 
and an auxochrome, has not a strong absorption visible in great 
dilution (say N/40000), as the true colouring matters have. 
Technically, it is a colowred substance with a shallow absorption 
band in the ultra-violet. Its pentabromo-substitution product is 
faintly yellow, the “loading ” having raised the absorption band 
from 4 288 to about \ 350 (author’s observation), but the absorption 
band is not strong. 

If a second group be substituted for hydrogen of the nucleus, 
such compounds as CH,°C,H,°O’, NH,°C,H,°0’, and HO-C,H,°0’ will 
be obtained. These still remain “coloured substances,” not 
“ colouring matters.” Such leuco-compounds have only shallow 
absorption. 

p-Hydroxybenzaldehyde is the type of the simplest true colouring 
matter, giving a strong sharp absorption band even in high dilution. 
In order that a substance may be a colouring matter, therefore, 


it must contain a ring, an auxochrome, and a second substituent, | 


and the whole must be oxidised. The formula HO-C,H,-CHO 
refers to solid neutral hydroxybenzaldehyde, but the ion in the 
aqueous alkaline solution may be represented by O’-C,H,-CHO, 
0:C,H,:CH:O’, ities itil or half-a-dozen other formule involv- 


a | 


ing the valencies of the ring itself. This is the modern form of 
the Hewitt-Watson and Meek hypothesis. 

Apparently the relation of the second substituent to the auxo- 
chrome may be either ortho, meta, or para, but the bands of meta- 
compounds appear to be slightly less pronounced. 

The cause of colour (visible or invisible) is the existence of two 
positive points on the molecule with only one loose electron, which 
therefore, when set in motion by light, describes an orbit round 
the two positive points. Apparently no other factor is necessary. 
The old terms “ chromophore ” and “ chromogen ” are thus super- 
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gded. They connoted two elements and a double bond joining 
them, both of which are unnecessary. Only one element (and no 
double bond) is required besides the auxochrome. These views 
are merely a modernised version of those of Hartley promulgated 
between 1882 and 1886. 

I propose the new term hapton for the second substituent which, 
when introduced into the molecule of phenol, aniline, and similar 
compounds consisting of nucleus and auxochrome alone, greatly 
intensifies the absorption band of such substances. The word 
hapton is intended to be a generic term for any group derived 
fom the elements C, N, O, and S. The term “ auxochrome ” 
means either OH or NH, or NHAIk or NAIk,, but no other group 
derived from C, N, O, or S. 

Some distinction between hapton and auxochrome is necessary, 
since, for example, the colour of benzoquinoneimine is not halfway 
between those of benzoquinone and benzoquinonedi-imine. The 
hapton is either non-ionisable or difficultly ionisable, whereas 
the auxochrome is easily ionisable. Examples of haptons are: 
H,-OH, -CHO, -NH-OH, -NO, -NO,, —O(OH), -S(OH), and 
smetimes apparently CO,H and SO,H in spite of their high 
ionisation. 

In the case of a “‘ coloured substance ”’ as defined above, the 
requirements are even less than in that of a “ colouring matter.” 
Apparently the ring itself may be dispensed with, if a structure 
stereochemically obstructive to the moving electron is present, 
for example, (CH),C-N:O, in which I suggest that the electron goes 
from N to O round the molecule. These substances with shallow 
bands are, however, on a par with benzene and therefore are very 
different quantitatively from the colouring matters, although 
qualitatively the supposition of two positive centres and one 
loosely-held electron explains nearly all cases of absorption. 

The matter may be extended, as has been done by other workers, 
to complex cases. The numerous bands of penta- and hexa- 
hydroxyanthraquinone probably each correspond to a calculable 
tautomeric form, and even the bands in solutions of the MnQ,’-ion 
could be explained by an asymmetric arrangement of the five 
atoms. 

It thus appears that colour may become a very important quanti- 
tative instrument for the elucidation of problems of chemical 
constitution. 
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Appendix. 


A table is appended explanatory of the laws for the higher azo. 
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dyes suggested on page 1560 of the previous paper. 


Miscellaneous Observations on Azo-dyes and Azomethines. 


Name. 
1. Azobenzene (suspension in water) ........eeeeeee 
2. m-Hydroxyazobenzene-ion (alkaline) _......... 
3. o-Hydroxyazobenzene (alkali) —..........eeeeseeee 
es OMEN, Ree desieatoensepien 
4. CH,-der. of (3). Benzeneazo-p-cresol (alkali)... 
5. SO,K-der. of (3). Benzeneazophenol-p-sul- 
WMGUAEO (ATER) cencidiceccisctesecsvndedsceseces 
6. 2: 2’-Dihydroxyazobenzene-ion ..........eeeeeeees 
7. 3:3’-Dihydroxyazobenzene-ion  ..........6.0.06+ 
8. 4:4’-Dihydroxyazobenzene-ion ..........e.eeeeee 
9. 4: 2’-Dihydroxyazobenzene-ion  .........eeeeeeeee 
10. 4: 3’-Dihydroxyazobenzene ...........c.eeeeeeeeees 
1. Zs (benzeneazoresorcinol) 
12. 3:4: 4’ -Trihydroxy ‘azobenzene noo, 
(Na,CO, 
13. 2:4:4’- ‘5 (NaOH) 
14, 2:4:2’- . 
15. 2:4:6- ps 
16. 3:4: 5- * 
17. 2:4:5- - 
18. 2:2’:4: 4’-Tetrahydroxyazobenzene (Na,CO3;) 
19. 2:4:3':4’- te 
20. 3:3':4:4’ 
21. 4’ -Sulphobenzeneazocatechol beac wnasdebuntauketes 
22. 2:4-Bisbenzeneazophenol-ion  ........sseesseeseees 


23. Methyl-red (alkaline) (transmits below 370 f)... 


24, 2- a , ‘-hydroxyazobenzene(alkaline) 


25. 4- ” ”? ( ) 

(acid) 
26. Benzeneazodimethyl-a-naphthylamine ( ,, ) 
27. 2’-Methoxy-4’-sulpho-derivative of foregoing... 
28. 2:4: 6-Tribromobenzeneazophenol (alkali) 


29. Benzeneazo-o-bromophenol oe 
30. 2-Nitrobenzeneazophenol ee 
31. 4- Gr at) 
Foregoing in alcoholic alkali ........s..s+s.0000- 
32. 4-Nitrobenzeneazo-a-naphthol (aikali) ......... 
Foregoing in alcoholic alkali —...............00008 
33. 4-Sulphobenzeneazophenol (alkali) ............ 
34. 4-Bromobenzeneazophenol ( ., )  ..........0. 
35. 4-Ethoxybenzeneazophenol ( ,, )  .......0..0. 
36. 4-Sulphobenzeneazo-o-cresol( ,, )  ....ssseeeee 
37. 4- oe MH ss ca FP” wwinisnennemion 
38. Benzeneazoguaiacol ee peter oe 
39. Benzeneazocatechol  ogh Whe eS tiseskeess 
40. Benzeneazothymol ( Dh tieapeeshgeee 
41. Benzeneazo-a-naphthol (alkali) ...... 
42. 4-Sulphobenzeneazo-a-naphthol ( ,, )...... 
43. Benzeneazotetrahydro-a-napththol ( ,, )...... 


* Surprising. 
t Therefore useful technically as a filter for passing ultra-violet light with- 
out blue or violet light. 
t New indicator : 


see J. S. 


AA. 
463 + 312 
415 + 380 vague 
441 and 390 
480 broad single 
493, ” 


455 ” ”” 
490 broad 
500 + 475 
473 broad 


470 + 535 vague 
528 +- 490 

540 + 492 

460 + 410 

515 + 495 + 420 
505 + 440 + 345 
575 + 540 + 462 
585 etc. 

680 * 

520 (NaOH), 

485 (Na,CO,) 

475 and about 415 
465 and 398 

486 + 463 

492 + 463 

503 + 473 

570 + 525 

580 + 525 -+- 5007 
430 and 384 

436 and 390 

487 and 440 

490 broad single 
502 —,, 


S06! |; 
440 and 7400 
445 and 395 

447 and 390 
463 single 

475 

460 broad single 
480 and 430 
455 and 410 
496 broad single 
Bs » ea 
470 and 430 


African Chem. Inst., July, 1923. 


= 540 & 490 
576 broad = 602 & 552 
= 623 & 57 
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Miscellaneous Observations on Azo-dyes and Azomethines (continued). 


Name. AA. 
“4. 4-NO,-C,H,-CH:N-C,H,°OH ..........ccseccrseesees 455 broad single 
45. 4-NO,-C,H,-N:CH-C,H,-OH ...........0cccceeeeeees about 410 
44. 4-NO,C,H,-CH:N-C,,H,-OH _........00...ceccceee 560 + 505 in alcohol 
4; 4-NO, OM ENCH OHO © on... cesses cceees 510 (and 545 faint) in 
alcohol 

48. Diphenylylazophenol (alkali) — ...............se00: 451 
49, 4-Diphenylylazonaphthionic acid ...... (in HCl) 575 broad single 
Bh IOI hescssbisecsccencescoscrnscsesececes (in HCl) 580 ,, ” 
5l. Diphenyltetrazo-p-phenolsulphonate (alkali) . 475 ,, s 
52. Dimethylaminoazoxybenzene (acid) ............ 545 
53. 2’-Methoxydimethylaminoazobenzene (acid) . 575 + 532 
54. m-Aminoazobenzene (acid)  .........eeeeeeeeeeeees 495 vague 
.. {3-Hydroxy-4’-aminoazobenzene (acid) ......... 490 + 470 
Y (alkaline) ...... 485 + 430 
56. 3’-Nitro-4-aminoazobenzene ROIS, sascnssssivesscs 518 + 490 
57. 3’-Nitro-4-hydroxyazobenzene (alkaline) ...... 480 broad 
58. > Save edecerananatndiens (alkaline)... 557 
59. Benzylidene-m-aminophenol  -. ... 388 + 362 
60. m- Hydroxybenzylideneaniline ( )... 350 vague 
g1, { 2-Amino-3’ : 4-dihydroxyazobenzene (acid) 490 + 460 

(alkaline) 4/78 broad 
62. 3’-Isomeride of methyl-red  ........-.eeeeeeeeeeeees AA 538 + 503 
63. 4’- A a = «—is‘(“#s ean au Vea Hen Conese 538 + 495 very 

broad 

64. 2- a“ , st. «| aiamnpteiiccne saints 549 + 503 
65. 3- «as. Peete gsanneeseanannsante 531 + 497 
66. 3’- _ ; methyl- EPO” cectscnesesessseea 535 + 490 
67. A -Carboxy- 4-hydroxyazobenzene ..........sseeeees 438 + 388 
68. om sg anabulieaeannaal 452 + 402 
69. 9 te ‘ti‘(ité‘C 435 +- 385 
70. 2- m ie ##§«—«osbe owen ceeee 445 + 395 
il. 3- sa is Leah aeidosien saeebeets 452 + 402 
72. 3’-Sulpho-4-hydroxyazobenzene..........0eeeeee 460 + 410 


* I have to thank Professor G. T. Morgan and Mr. H. G. Reeves for this 
specimen (T., 1922, 121, 5). 
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Appendix 2. 
Further Note on the Calculation of Dicyclic Azo- and Phenazine 
Derivatives—If we assume that the NH colour-factor remains 
unchanged at 0°78, but that the NOH colour-factor has two values 
corresponding to the two valency-angles of 133° and 120° (the 
values being 0°47 and 0°43), we get for dihydroxyphenazine the 
calculated values AA 506 and 462 [1380 x 0°78 x (0°47 or 0°48)], 
practically the same as for dihydroxyazobenzene. Similarly, 
diaminophenazine and azoaniline have almost identical bands. 
Also applying these data to methylenc-bluc, we get the calculated 
AA = 1380 x (1:059)? x 0°92 x (0°47 or 0°43) = 668 and 611. Thisis 
a partial physical explanation of the occurrence of two bands and 
of two sets of colour-factors in the azo- and azine series. 
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CCCXXV.—The Cyanine Dyes. Part VII. A New 
Method of Formation of the Carbocyanines. The 
Constitution of the Thioisocyanines and of Krypto- 
cyanine. 


By Witt1am Hopson Mitis and WALTER THEODORE Kari 
BRAUNHOLTZ. 


WE have shown in a recent communication (T., 1922, 121, 2004) 
that when a mixture of quinoline ethiodide (I) arid 1-methylbenzo. 
thiazole ethiodide (II) is treated with alkali, a dye, containing one 
quinoline and one benzothiazole nucleus, corresponding in com- 
position with the isocyanines is produced. 

In this reaction, we regarded the 1-methylbenzothiazole ethiodide 
as playing the same part as the quinaldine ethiodide in the iso- 
cyanine condensation on account of the close correspondence in 
chemical character between the two salts conditioned by the 
similarly reactive methyl group which each contains. We accord- 
ingly concluded that quinoline ethiodide also reacted in the same 
way in both condensations and that therefore, in this mixed dye, 
the quinoline nucleus was attached to the rest of the molecule 
through the 4-position as it is in the tsocyanines (Mills and Wishart, 
T., 1920, 117, 597). 

We thus assigned to the mixed dye the constitution LI and 
proposed for the compounds of this series the name thiovsocyanine. 


_. 
pa 
TEtNG S + CH, Ca, r~ 
a; Etl ine, \ a 
poe (II) TENG CHICR > Coll 
Nii wit —" a.) 
TENG SoH, + cH<S$>0%H, 
(IV.) (V.) 


It is shown in the present communication that this view is 
correct. If the dye has the constitution (III), then it should also 
be formed by a cyanine condensation between lepidine ethiodide (IV) 
and benzothiazole ethiodide (V). This, however, cannot be effected 
in the ordinary way by the action of alkali on the mixed alkyl- 
iodides. For in the isocyanine condensation, only the alkyliodide 
of quinaldine, and not that of quinoline, can be replaced by the 
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corresponding benzothiazole derivative, evidently on account of 
the peculiar behaviour of the benzothiazolonium base, which, as 
shown by Mills, Clark, and Aeschlimann (this vol., p. 2353), is 
converted by alkalis into the comparatively non-reactive metallic 
salts of o-formylethylaminophenyl mercaptan. An observation 
made some time previously indicated, however, a method by which 
the required condensation might be brought about. 

One of us and Mr. E. J. Amies found that when 1-methylbenzo- 
thiazole ethiodide is heated with di-o-formylethylaminodiphenyl 
disulphide, S,(C,H,-NEt-CHO), (Mills, Clark, and Aeschlimann, 
loc. cit.), in pyridine solution a mixture of diethylthiocyanine 
jodide (VI) and diethylcarbothiocyanine iodide (VII) is formed 
(compare Mills, T., 1922, 121, 455). Under these conditions, 
therefore, reactions of two distinct types take place between the 
disulphide and the 1-methylbenzothiazole alkyliodide. oo the 


one hand, the disulphide supplies the residue C Re to: 


which condenses with 1 mol. of the 1-methylbenzothiazole aia ab 
salt to give the thiocyanine VI (reaction of type I). 


One mol. of 


1- voce —— 
CHa, C CoH CS > :0H-0<5 a OH 


Saneuiidiondte 


t ethiodide (VI) I 
Disulphide 
{ Two mols. of 
(OH: ost CoH Ng, > CCH CHIC CK > CoH, 
—— (VII.) I 


On the other hand, it provides a methenyl residue which condenses 
with 2 mols. of the quaternary salt to form the carbothiocyanine VII 
(reaction of type II). 

Clearly the power of the 1-methylbenzothiazole alkyliodide of 
reacting in each of these two ways is determined by the presence 
of the reactive 1-methyl group. It seemed probable, therefore, 
that the quaternary salts of quinaldine and lepidine, containing a 
similarly reactive group, would react with the disulphide in a 
corresponding manner. This expectation proved to be correct. 
Quinaldine ethonitrate was heated with the disulphide in pyridine 
solution and two dyes were produced. One of these was pina- 
eyanole (IX). The other was an orange-brown compound which, 
from its composition and method of formation, could only have 
the structure VIII, and therefore was formed by a reaction of 
type I. It is a member of a new series of cyanine dyes for which 
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the name thiopseudocyanine is. proposed. The pinacyanole was 
formed evidently by a reaction of type IT. 


Smo, oor meh e¢ 
Cont O* ~cinaaine” CHR CCH: ee 
t ethonitrate (VIII) O,NNEt 
Disu! phide 
{ ae /\/~\ 
-CH: Two ono of | LCH-CH:CH| | (IX.) 
wali” Sr, Yi a 


ethonitrate NEt O,NNEt 


The formation of pinacyanole in this manner very clearly demon- 
strates the analogy in constitution between the carbocyanines and 
the carbothiocyanines. 

The corresponding reaction was then carried out with lepidine 
ethonitrate. In this case also, an orange-red and a blue dye were 
produced. The red dye was a mixed dye formed by a reaction of 
type I. The corresponding iodide was identical with the diethy]- 
thioisocyanine iodide previously obtained by the action of alkali 
on a mixture of quinoline ethiodide and 1-methylbenzothiazole 
ethiodide. The constitution (ITI) of the thiotsocyanine (apart from 
the question of the linking of the acid radicle in this presumably 
virtually tautomeric monacid salt of a diacidic base) was thus 
established. 


f > 
One mol. of S %f 
ne mo nes * j 
CHiN MOC ins > CHR CCH NEM 
A ethonitrate (i I 7 
| 11.) 
Disulphide 
| fs, * ee 
ine Two mols. of ral a a ad 
(Che —piane” «= TKN) = SSCHCH-CH:( = NNEt 
ethonitrate WA DF _ ys 


(X.) 
on ae 
ay OS eS 
as “CH: ‘NR 

pe ean, VR 
The other dye formed beautiful, pleochroic prisms, with a double 
green and golden lustre. Analysis showed it to be an isomeride 
of pinacyanole. The tint of the blue alcoholic solution was of a 
greener shade than that of pinacyanole. The compound proved 
to be a powerful photographic sensitiser, the band of extra sensi- 
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tisation lying considerably farther to the red than that due to 
pinacyanole. 

There is thus an exact correspondence between the reactions 
yhich occur when quinaldine ethonitrate and when lepidine etho- 
nitrate are heated with the disulphide and pyridine. In each case 
two dyes are formed which are respectively not only isomeric but 
show the closest correspondence in general characters. 

The compounds obtained from quinaldine ethonitrate are quino- 
jne derivatives in which the quinoline nuclei are linked through 
the 2-position. They owe their formation, therefore, to the reactive 
?methyl group in the quaternary salt. The isomeric compounds 
obtained from lepidine ethonitrate under the same conditions must 
be produced through the analogous reactivity of its 4-methyl 
group and therefore are the corresponding 4-derivatives of quinoline. 

The orange dye, having, as has been shown, the constitution IIT, 
is formed by a reaction of type I. The blue dye is formed by a 
reaction of type II and must be related to lepidine in the same way 
as its isomeride pinacyanole is to quinaldine. It is therefore the 
4: 4’-carbocyanine of the constitution X. 

Adams and Haller (J. Amer. Chem. Soc., 1920, 42, 2661) have 
described the preparation from lepidine ethiodide of a greenish- 
blue dye which they named “ kryptocyanine.” Since the method 
of preparation which.they used—the action of alkali and form- 
aldehyde, or chloroform, on the hot alcoholic solution of the salt— 
corresponds with that usually employed for preparing pinacyanole 
from quinaldine ethiodide, kryptocyanine would be expected to 
be analogous in constitution to pinacyanole and thus identical 
with 1: 1’-diethyl-4 : 4’-carbocyanine iodide. Adams and Haller 
give no analyses of “‘ kryptocyanine ” and suggest tentatively the 
formula XI, but the characteristic optical and photosensitising 
properties which they describe leave no doubt that the product 
contained the 4: 4’-carbocyanine as its essential constituent. It 
would appear that the dye is not readily obtained pure by means 
of alkali and formaldehyde, for Adams and Haller describe it as 
a purplish-black, crystalline powder. By recrystallisation from 
chloroform, Mees and Gutekunst (Brit. J. Phot., 1922, 69, 474) 
obtained it as small, bronze crystals. They give no analyses, but 
they state that even after repeated recrystallisation it still produced 
fogging of the plate when used at a dilution of 1 in 75,000, whereas 
the pure dye prepared with the disulphide and pyridine gives 
clean working plates at this dilution. 

The power of reacting simultaneously with di-o-formylmethyl- 
aminodipheny] disulphide, or its diethyl analogue in the two ways 
which have been referred to as reactions of type I and type II 
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seems to be a very general property of the quaternary salts of 
heterocyclic bases containing a reactive methyl group. In con. 
nexion with our experiments on the reactivity of methyl groups 
in heterocyclic bases (T., 1922, 124, 2724) the interaction of the 
dimethyl disulphide with 2-methyl-4-phenylthiazole methiodide 
(XII) and pyridine was examined by one of us and Dr. J. L. B. 
Smith. It was found that both the cyanine (XIII), produced by 


s S 
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Me \ cH:ic<®~_ >¢,H 
(XIE) ppl Mer phi_!ner ~NMe~ 84 (XI) 
s S 


()cH:cH-cH:/ > 
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a reaction of type I, and the carbocyanine (XIV), produced by a 
reaction of type II, were formed. These substances resemble in 
properties the compounds similarly obtained from the quaternary 
salts of quinaldine and lepidine, but are less deeply coloured. 

We were exceedingly interested to find that there is formed in 
these condensations, besides the two dyes of cyanine and carbo- 
cyanine type, the spirocyclic compound bis-2-ethylbenzothiazoline- 
1: 1-spiran (XV) described by Mills, Clark, and Aeschlimann 
(loc. cit.). 


CH <a CS Coa (XV) 


The molecular formula of this compound, C,,H,,N.S,, differs from 
that of the corresponding disulphide, C,,H,,0,N,S,, by the elements 
of formic acid, CH,O,, and the formyl group is actually eliminated 
in the transformation, for when the disulphide is heated with 
phénylhydrazine the spirocyclic compound and formylpheny!- 
hydrazine are produced. There can therefore be little doubt 
that the formation of, for example, pinacyanole by the method 
described in this paper is to be represented as follows, 


Cy gH90.N,8, + 2C,,H,,NI = 
disulphide. quinaldine ethiodide. 


spiran. pinacyanole. 


the hydrogen iodide being fixed by the pyridine. 

The source of the central methenyl group in the carbocyanines 
(printed in clarendon type in formule VII, IX, and X) would thus 
be one of the formyl groups of the disulphide. 
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EXPERIMENTAL. 


The following condensations of di-o-formylethylaminodipheny] 
disulphide and pyridine with quaternary salts of heterocyclic bases 
containing a reactive methyl group were investigated. 

(1) Condensation with 1-Methylbenzothiazole Ethiodide—The eth- 
jodide (2:7 grams) and the disulphide (1-6 grams) were dissolved 
in pyridine (10 c.c.) and the solution was boiled for four hours. 


The changes observed agreed closely with those seen when a 
mixture of this ethiodide and benzothiazole ethiodide are similarly 
heated in pyridine solution, and a similar crystalline mass con- 
sisting of a mixture of the carbothiocyanine and the thiocyanine 
was obtained. These were separated by the method previously 
described (T., 1922, 121, 461) and 0-45 gram of each compound 
was isolated. 

(2) Condensation with 1: 5-Dimethylbenzothiazole Ethiodide.— 
The solution of the ethiodide (8-5 grams) and the disulphide 
(4-4 grams) in pyridine (50 c.c.) was heated for nine hours at 100°. 
The crystalline material which separated from the cold solution, 
together with that obtained by pouring the filtrate into an aqueous 
solution of potassium iodide and washing the precipitate with 
ether, was extracted with boiling chloroform. 5-Methyl-2 : 2’-di- 
ethylthiocyanine iodide remained undissolved and 5: 5’-dimethyl- 
2: 2’-diethylearbothiocyanine was isolated from the chloroform 
solution as previously described (loc. cit., p. 463) (Found : C = 53-0; 
H=48; I= 24-12. C,,H,;N,IS, requires C = 53-1; H = 48; 

= 24-4 per cent.). 

(3) Condensation with Quinaldine Ethonitrate—Quinaldine etho- 
nitrate, which was used on account of its ready solubility in pyridine, 
was obtained by adding to an aqueous solution of the ethiodide 
an equivalent quantity of an aqueous solution of silver nitrate, 
removing the precipitated silver iodide, and evaporating the clear 
filtrate to dryness under diminished pressure. 

A solution of the ethonitrate (3-5 grams) and the disulphide 
(2:8 grams) in pyridine (30 c.c.) was heated at 100° for seven hours. 
A blue colour rapidly developed and the solution, after cooling, 
deposited a crystalline solid. This was collected after twenty 
hours and extracted with a little cold alcohol, which dissolved the 
thiopseudocyanine, leaving the carbocyanine for the most part 
undissolved. A fairly sharp separation of the two dyes was 
obtained in this way and by adding to the alcoholic solution of 
each a concentrated aqueous solution of potassium iodide the 
corresponding iodide was precipitated and could be obtained pure 
by crystallisation from methyl alcohol. 

1’ : 2-Diethylthiopseudocyanine iodide forms orange-brown needles 
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showing a faint blue lustre, melting and decomposing at 285°, and 
containing no water or methyl alcohol of crystallisation (Found. 
C= 55:05; H=461; I= 27-77. C,,H,,NSI requires C = 
54:78; H = 4-57; I = 27-61 per cent.). 

This thiopseudocyanine possesses marked photosensitising pro. 
perties, its spectrograph being somewhat reminiscent of that of 
erythrosine. The extra-sensitisation extends, for moderate ex. 
posures, as far as about 2 5500, and has a well-defined maximum 
at 4 5280. The absorption spectrum shows two overlapping bands 
with maxima at 4 4930 and 4610 respectively, the former being the 
more intense. The yellowish-brown colour of the dilute aqueous 
alcoholic solution of the dye is discharged by the addition of 
mineral acid. 

1: 1'-Diethylcarbocyanine Iodide.—The ethiodide obtained from 
the less soluble nitrate was identified as diethylcarbocyanine iodide 
(pinacyanole) by the following characteristics. It formed small, 
lustrous, dark green crystals melting and decomposing at 286— 
287° and not depressing the melting point of the carbocyanine 
prepared in the usual way. It gave the characteristic absorption 
spectrum of pinacyanole. Dried at 100°/12 mm., the crystals lost 
6:25 per cent. C,;H,;N,I,CH,-OH requires CH,-OH = 6-25 per 
cent. (Found: I = 26-48. C,;H,;N,I requires I = 26-46 per cent.), 

(4) Condensation with Lepidine Ethonitrate-—A solution of the 
disulphide (7-1 grams) and lepidine ethonitrate (8-6 grams), pre- 
pared from the iodide similarly to quinaldine ethonitrate, in 
pyridine (40 c.c.) was heated for seven hours at 100°. A deep 
purplish-blue colour developed and a crystalline solid was deposited. 
After keeping for forty hours, the red solid was collected and 
washed with a little cold pyridine and ether (weight 3-4 grams). 
The deep blue filtrate was poured into an aqueous solution of 
potassium iodide, when a green solid was precipitated. This was 
collected, dried, extracted several times with hot benzene, and 
finally crystallised from methyl alcohol, from which it was obtained 
as lustrous, golden plates (yield 1-3 grams). 

1’ : 2-Diethylthioisocyanine Iodide.—The solid which separated 
from the original reaction mixture was a quaternary nitrate. It 
was converted by potassium iodide into the corresponding iodide, 
which, crystallised from methyl alcohol, formed bright red needles 
and was identical with the diethylthioisocyanine iodide formed by 
the condensation of quinoline ethiodide with 1-methylbenzothiazole 
ethiodide (loc. cit., p. 2006). It melted and decomposed at 283° 
and did not depress the melting point of the previously obtained 
diethylthioisocyanine iodide (Found: C= 54:78; H = 4-56; 
I= 27-71. Cale., C = 54:78; H = 4-57; I = 27-61 per cent.). 


alcoh 
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1: 1'-Diethyl-4 : 4’-carbocyanine Iodide (Kryptocyanine).—The blue 
dye obtained from the pyridine filtrate, when recrystallised from 
methyl alcohol, formed prisms showing a golden lustre on some 
faces and a green lustre on others.* Dried at 100°/12 mm., it lost 
solvent of crystallisation and changed into a green powder. The 
pure dye melted at 253—254° (Found: C = 62-45; H = 5-23; 
1 = 26:55. C,;H,,Nol requires C = 62°50; H = 5-21; == 26-46 
per cent.). 

The absorption spectrum was examined visually by means of a 
Hilger spectrophotometer, and was found to show a very strong 
double absorption band with maxima at » 6900 and 6930 and a 
weaker band, with a maximum at about 2 6400. The spectrograph 
obtained on a gelatino-bromide plate bathed with the dye is remark- 
able. The strong extra-sensitisation is almost completely confined, 
for moderate exposures, within the limits » 6500—7900, rising 
gradually from either side to a well-marked maximum at about 
1 7430. Addition of ammonia to the dye-bath enhances the extra- 
sensitisation, but the plate then shows some tendency to fog. 

For comparison, a specimen of kryptocyanine was prepared as 
described by Adams and Haller (loc. cit.). The product was not 
homogeneous and could not readily be purified. The absorption 
and the sensitisation spectra of the dye were essentially the same 
as those of diethyl-4 : 4’-carbocyanine iodide, although the impurities 
present caused considerable fogging of the plate. 

Bis-2-ethylbenzothiazoline-1 : 1-spiran.—The benzene washings of 
the crude 4:4’-carbocyanine gave on evaporation a colourless, 
crystalline solid (1—1-5 grams) which after recrystallisation from 
alcohol melted at 134—135° and was found to be identical with 
the spirocyclic compound obtained by the action of phenylhydrazine 
on diformylethylaminodiphenyl disulphide. 

(5) Condensation with 6-Ethoxylepidine Ethonitrate-—6-Ethoxy- 
lepidine was converted into its ethiodide by heating for sixteen 
hours at 100° with the equivalent quantity of ethyl iodide (yellow 
prisms, m. p. 187°. Found: I = 37-05. C,,H,gONI requires 
I = 37-02 per cent.). The nitrate was prepared from this in the 
same way as the quaternary nitrates previously used. 

6-Ethoxylepidine ethonitrate (4-3 grams) and the disulphide 
(4-0 grams) were heated together in pyridine solution (20 c.c.) for 
seven hours at 100°. The resulting deep purplish-red solution was 
kept for forty hours and the colourless, crystalline solid which had 
separated was collected (0-7 gram). This melted at 134—135° 
and was identified as bis-2-ethylbenzothiazoline-1 : 1-spiran. 


* A specimen showing a third crystalline habit was obtained from methyl 
alcohol. It resembled brass shavings. 
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6'-Ethoxy-\’ : 2-diethylthioisocyanine Iodide.—The pyridine filtrate 
was poured into an aqueous solution of potassium iodide and a 
red solid (3 grams) was precipitated. This was a mixture of a 
further quantity of the spiran and the thioisocyanine. The former 
was removed by extraction with benzene and the dye crystallised 
from methyl alcohol. A mixture of bright red needles and short, 
dark red, lustrous prisms was obtained. Both forms melted and 
decomposed at 262° and were identical with thiovsocyanine previously 
prepared (loc. cit.) from 6-ethoxyquinoline ethiodide and 1-methy]. 
benzothiazole ethiodide (Found: I = 25-53. Cale., I = 25-20 per 
cent.). The corresponding 4 : 4’-carbocyanine could not be isolated, 
and had evidently been produced in very small quantity. Its 
presence could, however, be inferred from the deep blue colour of 
the aqueous pyridine filtrate after removal of the precipitated 
thiovsocyanine. 

(6) Condensation with 2-Picoline Ethonitrate-—A solution of the 
ethonitrate (5 grams) and the disulphide (5 grams) in pyridine 
(30 c.c.) was heated for seven hours at 100°. The resulting deep 
red solution was poured into an aqueous solution of potassium 
iodide, and the precipitate thus obtained was extracted with hot 
benzene to remove a considerable quantity of unchanged disulphide 
and of the spirocyclic base which had been produced. The residue 
(0-3—0-4 gram) thus obtained consisted of the mixed cyanine dye. 

l’ : 2-Diethylthiopseudopyridocyanine Iodide, 

O pH, <p> CCH-CH,NECI. 

—This residue, crystallised from methyl alcohol, gave the pure dye 
as golden-yellow needles, m. p. 265° (decomp.) (Found : C = 49-92; 
H = 4:83; I = 30-83. C,,H,N,IS requires C = 49-76; H = 4:63; 
I = 30-97 per cent.). The absorption spectrum of the dye shows 
two rather ill-defined bands in the blue between 4000 and 4600. 
The deep red aqueous pyridine filtrate showed a weak absorption 
band at about 4 6000, presumably due to the pyridocarbocyanine, 
which appears to be an easily soluble compound, and formed only 
in very small quantity. 

(7) Condensation of 4-Phenyl-2-methylthiazole Methiodide with 
Di-o-formylmethylaminodiphenyl Disulphide [with J. L. B. 
SmitH].—A solution of the methiodide (8-5 grams) and the di- 
sulphide (4-5 grams) in pyridine (50 grams) was heated for ten 
hours at 100°. The solution rapidly developed a deep purple 
colour and,.on cooling, a crystalline precipitate was deposited. 

4-Phenyl-2-methylbenzothiazolenylmethylthiazole Methiodide.—The 
above precipitate, twice recrystallised from methyl alcohol, gave 
the pure dye as pale yellow needles, m. p. 270° (decomp.) (Found : 
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[= 27:53; S= 13-92. C,,H,,N,IS, requires I = 27:37; S= 
13:79 per cent.). 

4:4'-Diphenyl-3 : 3’-dimethylthiazolocarbocyanine Iodide.—The 
pyridine filtrate from the mixed cyanine dye was poured into an 
aqueous solution of potassium iodide. A tarry precipitate was 
formed which, extracted with ether and benzene, left a red powder. 
This, twice recrystallised from methyl alcohol, gave the carbo- 
cyanine as red needles with a brassy lustre, m. p. 244° (decomp.) 
(Found: I = 24-20; S = 12-40. C,,H,,N,IS, requires I = 24:58; 
§ = 12-43 per cent.). 


One of us (W. T. K. B.) is indebted to the Department of Scientific 
and Industrial Research for a grant for which he desires to express 
his thanks. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, September 11th, 1923.] 


CCCXXVI.—The Solubility of the Phenylenediamines 
and of their Monoacetyl Derivatives. 


By Nevin Vincent Sipewick and JAMES ACHESON NEILL. 


Tue boiling points of the phenylenediamines (ortho 252°, meta 
287°, para 267°) not only differ widely, but are in an unusual order, 
the para-compound coming between the other two, and much 
nearer to the ortho. This peculiarity, which is found also among 
other amino-derivatives, but nowhere else (Sidgwick, T., 1920, 
117, 395), led us to measure the solubility of these substances, 
and of their acetyl derivatives, in water and benzene. 


Preparation of Materials. 


o-Phenylenediamine. Made by the reduction of o-nitroaniline 
with cast-iron turnings and 2 per cent. calcium chloride solution, 
a method suggested to us by Prof. T. 8S. Moore, to whom we wish 
to express our thanks. The hydrochloride was recrystallised from 
water, and the free base twice recrystallised from chloroform in 
the absence of air; m. p. 103-8°. The meta-diamine was twice 
recrystallised from alcohol; m. p. 62-8°. The para-diamine was 
made by the reduction of p-nitroaniline or better of p-nitroacetanilide 
with iron and calcium chloride. The hydrochloride was recrystal- 
lised from water, and the free base twice from alcohol; m. p. 139-7°. 

Monoacetyl-diamines. Ortho: twice recrystallised from water ; 
m. p. 144-8°. Meta: made by the action of acetic acid on the 
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diamine (Wallach and Schulze, Ber., 1882, 15, 3020); twice re. 
crystallised from water; m. p. 279°. Para: by the reduction of 
p-nitroacetanilide with iron and acetic acid (Nietzki, Ber., 1884, 
17, 343) or calcium chloride (Moore). The brown product was 
boiled with animal charcoal and twice recrystallised from water. 


Colourless; m. p. 160-5°. 


Fic. 1. Fic. 2; 


Solubility of the monoacetyl- 


Solubility of the phenylene- 
phenylenediamines. 


diamines. 


Full lines : in water. 


Full lines: in water. 
Dotted lines : in benzene. 


Dotted lines : in benzene. 
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Determination of Solubility. 


This was measured synthetically in corked or sealed bulbs, the 
point being observed at which the liquid became cloudy on cooling, 
or, when the solid phase was present, at which the last crystals 
disappeared on slow warming. 

m-Phenylenediamine was found to be dimorphic. The two 
forms are enantiotropic, with a transition point at 36°; this was 
determined from the solubility curves, and also by special experi- 
ments with a dilatometer. The «-form (stable above 36°) consists 
of brown needles, the 8- (stable below 36°) of mauve plates. The 
colour is no doubt due to traces of decomposition products, but the 
difference is easily recognised. The «-form appears to be the 
usual one at the ordinary temperature; the first point obtained 
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DIAMINES AND OF THEIR MONOACETYL DERIVATIVES. 


TABLE I. 
Solubility of the Phenylenediamines in Water and Benzene. 
Solubility in water. 


Ortho. Meta. Para. 
—_ “or l a ” ~ 9 
Weight Weight Temp. Weight 
percent. Temp. percent. §8-Form. a-Form. percent. Temp. 
3°27 0°3° — 1-08 3°6° 
4°05 35°1° 8°71 — 0°3° 3°70 23°7 
5°85 45°8 9°22 14°3 — 9°85 37°8 
11°86 56°3 12°64 18°3 4°6 18°75 49°9 
18°72 61°3 17°16 22-0 9°3 27°22 59°2 
23°43 62°8 19-05 23°1 — 34°43 64°6 
31°55 64°2 21-21 24°1 11-7 41°75 69°2 
46°81 66°1 26°17 25°1 — 51°80 75°5 
62°53 67°7 32°83 26°3 16:1 59°02 80°3 
74°74 71°3 40°62 27°1 173 70°03 88°5 
88°36 80°8 43°77 271 -— 78°10 95°9 
93°83 88:1 49°83 27°9 18°7 86°63 107-0 
96°15 91°7 56°51 29-0 19°9 95°04 125-1 
97°72 95°5 61°94 29°1 20°8 100-0 139°7 
100-0 103°8 69°63 30°2 22°7 
75°52 31°5 26°0 
79°15 32°8 28°7 
83°83 34°4 32°6 
92°32 me 43°5 
96°81 — 53°6 
98°40 aa 57°6 
100-0 — 62°8 
Transition point 36°. 
Solubility in benzene. 
Ortho. Meta. Para. 
Weight Weight Weight 
per cent. Temp. per cent. Temp. per cent. Temp. 
1°72 22-2° 1-02 19-0° 1-20 59°1° 
3°13 36°0 2°84 34:1 3°25 79°9 
9°35 58°4 7°43 46°8 9°67 98°5 
21-06 72°1 9°75 50°7 20°14 110°6 
31°43 76°9 19°36 59°8 L 33°32 112°9 
40°95 80-0 39°04 69°0 L 41°04 113°9 
49°47 82°5 50°91 68°8 L 49°10 115-2 
62-05 85°6 61-60 66°5 L 59°12 1171 
77°94 91-1 65°91 64:2 L 77°86 124-0 
90°04 96°8 71°04 60°0 L 94°75 135°5 
95°12 100-1 72°14 58°8 L 100-0 139°7 
100-0 103°8 74°56 55°5 L 
74°84 54°7 L 
75°33 53°9 
76°84 54:1 
78°57 54°2 
79°31 54°7 
85°85 56°3 
88°64 57°2 
100-0 62°8 


Triple point. 
75°0 53°8° 
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TaB_e II. 
Solubility of Monoacetylphenylenediamines. 
Solubility in water. 


Ortho. Meta. Para. 
Se an cs wi ~ aera 
Weight Weight Weight 
per cent. Temp. per cent. Temp. per cent. Temp. 
3°40 7°2° 9°05 48°7° 6°50 56°8° 
12°05 22-0 18°12 82°9 18°63 86:3 
22°32 33°5 28°20 110°1 27°63 92-1 
31°95 42-1 44°13 132°9 34°27 93°7 
41°64 50°4 53°34 144°2 42°82 96°5 
51°73 59°1 63°56 156°3 49-10 98°6 
64°10 69°9 71°10 167-0 60°15 103-2 
71°72 78°2 79°34 181°9 69°35 107°1 
79°22 88°1 86°73 204°4 76°50 112°6 
85°80 99-0 94°15 235°8 81°74 119-2 
93°23 115°4 100-0 279°0 94°13 144-0 
100°0 144°8 100-0 160°5 
Solubility in benzene. 
Ortho. Meta. Para. 
———— a, _ ~ —— 
Weight Weight Weight 
per cent. Temp. per cent. Temp. per cent. Temp. 
4:13 299° 3°13 56°5° 715 116:2° 
11°21 53°6 6°72 107°1 17°36 180°8 L 
20°24 73°5 12°24 163-2 30°12 187°3 L 
27°36 84°2 _ 22°75 228°5 L 41°23 186°3 L 
35°27 92:4 39°10 263°4 L 51°70 181°3 L 
43°04 99°8 44°31 265°5 L 59°95 170°0 L 
51°50 106°7 49°23 265°1 L 63°07 163°5 L 
65°12 117°8 57°03 257°6 L 67°66 155°9 L 
77°76 127°5 68-90 227°38 L 71°05 150°1 L 
88°05 135-2 74°65 201-9 L 72°71 147°1 L 
100-0 144°8 76°17 193-4 L 73°90 146°8 L 
76°86 188°4 L 74°62 147°3 
77°55 185°4 75°42 147-7 
78°61 1871 76°85 148:2 
80°12 190-0 78°41 148°7 
85°50 203°1 80°70 149-8 
91-06 221°9 86°14 152-0 
100-0 279-0 93°82 156°8 
100:0: 160°5 
Crit. sol. temp. 266°. Crit. sol. temp. 188°. 
Triple point. Triple point. 
775 184-9° 74°0 146°8° 


with a tube lay always on the «-curve; but if the tube was frozen 
with ice and salt, and the solubility redetermined, it gave a point 
on the B- (stable) curve. 

Measurements with the o- and p-diamines at temperatures above 
80° were difficult on account of the darkening of the liquid, which 
was not wholly prevented by filling the tubes with hydrogen. No 
such difficulty occurred with the acetyl derivatives, for which very 
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high temperatures could be reached by the use of specially thick 
sealed bulbs, the observer being protected by a plate-glass screen. 

The results are given in Tables I and II, and plotted on Figs. 1 
and 2, the concentrations being expressed in grams of amine to 
100 grams of solution. Two-liquid points are marked L, and 
metastable points with an asterisk. 

The nominal heats of solution, given in Table III, are calculated 
by means of the usual formula Q = log. ‘ je . Since none 
of these compounds forms two liquid layers with water, the 
heats of solution were calculated for the water curves as well as 
for those in benzene. The values obtained for water are not 
comparable with those in benzene, on account of the uncertainty 
as to the molecular weight of the water, which was assumed to 
be 18, but is no doubt larger than this, and is affected both by 
the concentration and by the temperature. But they are com- 
parable with one another, and enable us to form an approximate 
idea of the relative miscibility of the different isomerides with 
water. The values in benzene have also been calculated for those 
substances which do not form two liquid layers with this solvent ; 
when this occurs, the nominal heat of course becomes infinite, 


TABLE III. 
Nominal Heats of Solution in Water (in kgr.-cals.). 
Diamines. Acetyl-diamines. 
Meanmols. A ane: 
per cent. Ortho, Meta (a). Meta (8). Para. Ortho. Meta. Para. 
95 3°64 2°55 a 5°85 5:13 6°96 7°79 
85 6°28 4:17 “a 6°35 5°04 6°92 8°23 
75 8°69 4°52 — 5°22 4°23 7°22 9°38 
65 9°82 7°45 -= 6°66 5°01 6°95 9°57 
55 7°51 5°79 — 6°50 5°88 6°33 9°88 
45 10°69 8°23 14:0 8°85 6°12 6°86 9°10 
35 33°8 10°3 26°6 8°01 6°30 6°36 8°91 
25 31°3 17°5 36°9 10°4 8:29 6°52 10°4 
15 92°8 22°8 36°5 11°1 5°39 6°24 12°6 
75 §2°2 28°5 60°8 11°0 9°48 6°02 30:1 


Nominal Heats of Solution in Benzene. 


Diamines. sa. As 
Mean mols. , - Acetyl-diamine. 
per cent. Ortho. Meta. Para. Ortho. 
95 5°63 5°83 5:08 7°52 
85 6°93 8°50 7°93 8°56 
75 10°1 14°3 9°61 9-10 
65 12-1 Inf. 12°6 7°90 
55 17°2 18°5 8°75 
45 22°4 30°5 8-29 
35 23-0 61°4 9°64 
25 22°4 85°5 8°87 
15 10°3 20°3 6°44 
75 — 18°1 7°57 
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Discussion of Results. 


The results show that these substances are not only abnormal, 
but have marked peculiarities of their own. Their behaviour in 
benzene can be compared by means of the critical solution tem. 
peratures, which can be observed directly for three of the com. 
pounds (m-diamine, m- and p-acetyldiamine) and for the other 
three can be calculated approximately by the rule of Flaschner 
and Rankin (Sitzwnqgsber. K. Akad. Wiss. Wien, 1909, 118, IIb, 
695). This rule states that the slope of the S-L solubility curve 
(increase in weight per cent. solute for 1° rise of temperature) 
at 40 per cent. solute, multiplied by the difference in degrees 
between the S—L and the L-L curves at this concentration, is equal 
to a constant, the value of which for benzene was found (Sidgwick 
and Ewbank, T., 1921, 119, 991) to be 190. In water, the increase 
of Q, the nominal heat of solution, affords a method of comparison. 
The values so obtained are as follows (calculated critical solution 
temperatures are enclosed in brackets) : 


Diamines. 
Ortho. Meta. Para. 
Crit. sol. temp. in benzene...........seseeecees (18°) 69° (91°) 
Tncroase Of GO in WAtEr  ....ccccccccccccccsecece 89°1 a 259 5:2 
B 58:2 
Boiling point (760 mm.)..........scseeesseesees 252° 287° 267° 


Acetyl-diamines. 


Ortho. Meta. Para. 
Crit. sol. temp. in benzene...............seeee« (—20°) 266° 188° 
PREPCRES OT OI WEEE © ooccscscdscdecvesceccess 5°7 0 223 


The usual behaviour of abnormal isomerides is that in benzene the 
ortho is the most miscible (lowest crit. sol. temp. and smallest increase 
in @) and the para the least miscible, the meta coming near the 
para: and that in water these relations are reversed. The peculi- 
arities of these amino-compounds are of two kinds, (1) the excep- 
tional position of the meta-series and (2) the anomalous behaviour 
of the acetyl compounds in water. Disregarding the latter for the 
moment, the relation of ortho to para is what we should expect; 
the ortho-series is the more volatile, the more soluble in benzene, 
and the less soluble in water. The meta-diamine is exceptional 
in that its solubility in benzene and in water comes nearer to that 
of the ortho than is usual; its volatility also, instead of being 
greater than that of the para, is less. The meta-acetyl-diamine 
is less soluble in benzene than the para, whereas we should expect 
it to be more so. The behaviour of the acetyl derivatives in water 
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js wholly anomalous; instead of getting the order of solubilities 
o<m<p, we get pxo<m. 

The fact that the para-diamine is more volatile than the meta 
is to be noticed. It has already been pointed out (Sidgwick, loc. 
cit.) that this behaviour is confined to compounds in which at 
least one substituent is an amino- or substituted amino-group, 
the only observed cases being those in which the substituents are 
CH;, N(CH3).; CHs, N(C,H;).; CH,0, NH,: Cl, N(CH3),: N(CHs)o, 
N(CHs).; and NH, with NH,, NH-CH,, NH:°C,H;, N(CHg)., and 
N(C,H3)o- 

The phenylenediamines are the most basic compounds which 
have had their solubilities examined from this point of view, and 
this may well be the cause of some of their peculiarities. The 
remarkable behaviour of the diamines and their acetyl derivatives 
in water is no doubt connected with the power of the amino-groups 
to form stable hydrates. This would not, however, explain their 
behaviour in benzene, or their anomalous volatility, which seem to 
point to association in the pure liquid. 


Dyson PERRINS LABORATORY, 
OXFORD. [Received, October 11th, 1923.] 


CCCXXVII.—The Solubility of the Hydroxybenzalde- 
hydes and the Hydroxytolualdehydes. 


By Nevit VINCENT Srpewick and Eric NEwMarcn ALLOTT. 


THE hydroxybenzaldehydes are already known to differ widely in 
boiling point, which is an indication of abnormality, but their 
behaviour has not been examined in detail. In this paper, the 
solubilities of these substances and of three of the hydroxytolu- 
aldehydes are recorded and discussed. The preparation of a new 
hydroxytolualdehyde (CHO : OH : CH, = 1 : 3: 4) is also described. 


Preparation of Materials. 


Salicylaldehyde—This was redistilled, and the fraction boiling 
at 196-5°/760 mm. was used. 

m-Hydroxybenzaldehyde.—Prepared from benzaldehyde by nitra- 
tion, reduction, and diazotisation (Meister, Lucius, & Briining, 
D.R.-P. 66241; Friedlinder, III, 61); after recrystallisation from 
benzene it melted at 106-0° (corr.). 

p-Hydroxybenzaldehyde.—Recrystallised from water and dried on a 
water-bath. It melted at 116-0° (corr.). Previous observers give 
values from 115° to 118°, 
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Hydroxytolualdehydes.—The aldehydes CHO : OH: CH, = 1: 2: 5, 
1:4:5, 1:4: 6 (the substituents are arranged in the order of their 
influence on the solubility) were prepared from the three cresols 
by the Tiemann-Reimer reaction (Tiemann and Schotten, Ber,, 
1878, 11, 770) and were purified as follows. 1:2:5: Recrystallised 
from alcohol until its m. p. was constant at 55-1° (corr.); Tiemann 
and Schotten give 56°. 1:4:5: Recrystallised from water and 
benzene; m. p. 117-4° (corr.). Tiemann and Schotten give 115°: 
Gattermann and Berchelmann (Ber., 1898, 31, 1765) give 118°. 
1:4:6: After repeated crystallisation from water and benzene 
it melted (not sharply) at 108-9° (corr.); Tiemann and Schotten 
and Gattermann and Berchelmann give 110°. Further recrystallis- 
ation did not alter the m. p. 

As the yields in the Tiemann-Reimer reaction are always small, 
attempts were made to discover better methods of preparation, but 
without success. For example, Moritz and Wolffenstein (Ber., 
1899, 32, 433, 2533), in oxidising benzene hydrocarbons with 
potassium persulphate, obtained small quantities of aldehydes as 
by-products; and it seemed possible that by treating the tolyl 
ester with enough persulphate for complete oxidation to the alde- 
hyde, a reasonable yield of the latter might be obtained. It was 
found, however, that after treating o-tolyl acetate in this way, 
most of the ester was recovered unchanged, and the only oxidation 
product isolated was a small quantity of a substance giving a 
phenylhydrazone which melted at 220°, and had a composition 
corresponding to the formula C,,H,,0,,N, (Found: C = 47-2; 
H = 5:99; N= 17-7. Cale. C=468; H=5-92; N=175 
per cent.); this was not further examined. 

Hydroxytolualdehyde 1:3:4 (2-Hydroxy-p-tolualdehyde). — Since 
no isomeride with the hydroxyl in the meta-position to the alde- 
hyde group is known, this substance was prepared from p-tolu- 
aldehyde. The aldehyde was nitrated in the usual way (Hanzlik 
and Bianchi, Ber., 1899, 32, 1288), and the nitro-compound (obtained 
in fairly good yield) reduced as described by Meister, Lucius, & 
Briining (D.R.-P. 66241, 62950). The only successful method was 
to add the bisulphite solution of the aldehyde to a boiling ferrous 
sulphate solution, and run in a solution of sodium carbonate. 
Even then a large amount of unchanged nitroaldehyde was re- 
covered. On diazotisation and concentration of the solution, a 
small amount of the new hydroxytolualdehyde was obtained as pale 
yellow needles melting at 73° (Found: C=69-:9; H= 59. 
C,H,O, requires C = 70-6; H = 5-9 per cent.). Owing to the 
smallness of the yield, the solubility of this aldehyde was not 
measured, 
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Determination of Solubilities. 


These were measured synthetically in sealed bulbs. The results 
iven in Tables I and II, the concentrations being expressed in 


are g 
grams per 100 grams of solution. The points at which a second 
liquid phase separates are marked L, those at which solid benzene 
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separates B, and the metastable points with an asterisk. The 
results are plotted on Figs. 1 and 2. The nominal heats of solution 
in benzene, calculated on the usual formula 

S RTT 
Q=lgee + may» 

8,° TT, 


are given in Table III. 
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Discussion of Results. 


It is obvious that the hydroxybenzaldehydes form a highly 
abnormal group of compounds. Their relations resemble very 
closely those of the nitrophenols (Sidgwick, Spurrell, and Davies, 
T., 1915, 107, 1202; Sidgwick and Aldous, T., 1921, 119, 1001) 
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and those of the hydroxybenzoic acids (Sidgwick and Ewbank, 
T., 1921, 119, 979). The resemblance to the nitrophenols is of 
peculiar interest, since Hantzsch (Ber., 1906, 39, 3089) has already 
directed attention to the resemblance between these two groups of 
compounds in their power of forming coloured salts. 

The effect of the methyl group is the same as was found (Sidgwick 


Thi 


ighly 
very 
Vies, 


001) 


HYDROXYBENZALDEHYDES AND THE HYDROXYTOLUALDEHYDES. 2823 


and Ewbank, Joc. cit.) in the comparison of the hydroxybenzoic and 
the hydroxytoluic acids: its introduction always diminishes the 
solubility in water, but its influence is little affected by its position 
on the ring, and is wholly subordinate to that of the relative position 
of the two active groups. These facts are illustrated by the follow- 
ing table, giving the critical solution temperatures of these com- 
pounds in water; values in brackets are indirectly determined, and 
are only roughly accurate. The compounds are classified by the 
relative positions of the two active groups. 


Critical solution temperatures in water. 


Substituents. Ortho. Meta. Para. 
DI AIEE  ssccceccccecses >200° 98°7° 92°8° 
ee >200 66-2 64:4 
CHOOT CH. occccceee >200 — 125 (1: 4:6) 
136°8 (1:4: 5) 

6.08: 2 6): Pern 89°5 V. low V. low 
CO,H,OH,CH, ......... 153°5(1:2:3) (+ 9°) (17°) 

145°2 (1:2: 4) 


9 
142°8 (1:2: 5) 


The same resemblance is found in the behaviour of the isomerides 
in benzene as indicated by the heats of solution, the values for the 
ortho-compounds being nearly constant, whilst those for the meta 
and para show a marked increase with dilution. The amount of 
this increase (in kgr.-cals. per gr.-mol.) is as follows : 


Substituents. Ortho. Meta. Para. 
8 eee 2:2 18°7 26°4 
IIE osisiciseccsese ene 26-6 45-0 
CHGjOE CH, <..<6.... 2°3 — 23°6 (1:4: 6) 
49°0 (1:4: 5) 

ee 8-0 65-6 69°8 
CO,H,OH,CH, ...... 6°5 (1: 2:3) 35°4 29°4 

7°6 (1:2: 4) 

6°4 (1:2: 5) 


Auwers (Z. physikal. Chem., 1895, 18, 605) has measured the 
depression of the freezing point of naphthalene by the three hydroxy- 
benzaldehydes, and finds that in equimolecular solutions the effect 
is much less for the meta- and para- than for the ortho-compound. 
If we calculate from his results the nominal heat of solution of the 
naphthalene on the hypothesis that the molecular weight of the 
aldehyde is constant (which is as justifiable as the assumption 
that the difference is due to the association of the solute), we get 
the following values for the heat of solution of naphthalene at 
95 molecules per cent. naphthalene in the three aldehydes, the 
value for 100 per cent. (heat of fusion) being 4-55 kgr.-cals. : 


Ortho 5-14: Meta 8:34: Para 11-5. 


This shows that the partial vapour pressure curve for the hydro- 
5 B* 2 
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TABLE I. 
Solubilities in Water. 
Hydroxybenzaldehydes. 
Ortho. Meta. Para. 
—— S$, —_—_—_-__ 
Weight Weight Weight 
per cent. Temp. per cent. Temp. per cent. Temp. I 
1°68 85°8°L 2°73 43-0° 1°33 30°5° 
3°59 136°5 L 9°38 57°8 4°34 52°0 
5°34 154°0 L 11°0 58°9 8°32 59-2 
19-2 63°5 L 13:2 61°9 
29°2 66:0 L eS 52°8 L* 
90°56 46°3 L 31°9 66°1 L 20°7 62°6 
93°20 118. 3 L 40-1 66:2 L - 8 60°5 L* 
97°13 67°4 L 43°4 65°6 L 26°6 62°8 
53°9 62°4 L os 62°4 L* 
65:1 60°4 42°2 63°8 L 
83°3 71:2 49°8 63°0 
89°0 81-1 a 61°8 L* | 
100-0 106-0 60-0 64:1 CE 
76°6 69°3 
88°8 83°6 
100-0 116-0 
Critical solution temperature. 
66°2° 64°4° 
Triple points. 
50°6 69°1° 46-2 62°8° 
6-9 27°4 
Hydroxytolualdehydes. 
CHO:0H:CH,=1:2:5. CHO:0H:CH,=1:4:5. CHO:0H:CH,=1:4:6. 
Weight Weight Weight 
per cent. Temp. per cent. Temp. per cent. Temp. 
2°52 99°1°L 1°69 67°3° 5°78 56°8° 
5°47 156°5 L ‘eo 55°9 L* 7°95 85°8 L 
5°45 99°3 L 14:3 116°3 L 
92°73 13771 L 16°5 127°0 L 34:0 125°0 L 
96°09 87°7 L 23°5 133°5 L 44°6 124°5 L 
100-0 55°1 35°4 136°8 L 48°5 121°1L 
§2°5 127°0 L 50°3 78°38 L 
56°0 87:2 L 51:0 69-2 M 
59°9 79°6 59°5 69-4 ] 
73°3 80°3 69°5 69°9 
86°8 91-2 82°7 75°9 
100°0 117-4 100-0 108°9 
Critical solution temperature. 
136°8° 125:0° 
Triple points. 
56°0 79°5° 50°6 69°1° 
3°0 69 
carbon has the same general form as that which we have found for 19 
the hydroxyaldehyde. (8 
The volatilities of the hydroxybenzaldehydes, so far as they are | 
known, are what we should expect, the ortho-compound boiling at alc 
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TaBLeE II. 
Solubilities in Benzene. 
Hydroxybenzaldehydes. 
Ortho. Meta. Para. 
———_— _—, i a, —_— 
Weight Weight Weight 
per cent. Temp. per cent. Temp. per cent. Temp. 
0:0 5°32°B 6°29 61°3° 3°64 65°0° 
4°35 3°65 B 10°42 67°1 11-09 81-4 
8:23 2°15 B 16°6 71°2 20:0 84:1 
10°90 1:00 B 27°4 75°7 31:1 86°7 
15:0 —0°60 B 40:0 79:1 46-0 89°5 
20°4 —3°35 B 52°5 82°4 58°8 93°5 
25°0 —5°40 B 59°5 83°6 72°6 100°6 
31°4 —8:20 B 77°2 89°8 100-0 116-0 
39°2 12°15 B 100-0 106°0 
Hydroxytolualdehydes. 

CHO :O0H:CH,=1:2:5. CHO:0H:CH,=1:4:5. CHO:0H:CH,=1: 4:6. 
0:0 5°32°B 2°27 37°2° 4°94 54°7° 
5°56 3°45 B 7°08 66°7 8°19 67°5 

11°50 1°30 B Lo ha | 72°4 17°5 72°9 
17°0 —0°60 B 18°8 76°0 33°2 75°7 
21°5 —2-40 B 26°9 79°8 53°3 81°8 
27°4 +0°15 38°6 83°7 67°5 86°7 
34°0 6°05 48°4 85°8 71°5 89°1 
41°7 11°5 63°0 92°1 100-0 108°9 
55:4 21°6 73°9 98-2 
64°4 28-0 100°0 117°4 
71:0 31°8 
90°9 46°4 
100-0 55:1 
Eutectic. 
23°3 —3:0° 
TaB.eE III. 
Nominal Heats of Solution in Benzene (in kgr.-cals. per 
gram-mol.). 
Hydroxybenzaldehyde. Hydroxytolualdehyde. 
Mean mols. > A ~ -_ A 7 
per cent. Meta. Para. 1:2: 5-ortho. 1:4: 5-para.1: 4: 6-para. 
95 5:82 7°29 4°04 6°30 5°67 
85 6°30 8-06 4°11 6°58 6°54 
75 8:07 8°66 4°66 7°27 7°36 
65 10°8 9°73 5°82 8°69 9-70 
55 16-0 11°8 5°92 9°62 11-2 
45 21°6 18-0 6°08 13°9 17°6 
35 32°4 25°9 6°14 18-0 22-2 
25 30°0 52°3 6°33 29°9 30°8 
15 27°5 48°6 _— 26°4 55°0 


196-5° and the meta at 240°. The difference is not so large as that 

(80°) found with the nitrophenols, but is sufficiently striking. 
These three groups of compounds—the nitrophenols, the hydroxy- 

aldehydes, and the hydroxy-acids—show in a very high degree the 


2826 SAUNDERS: A NEW ABSORPTION PIPETTE FOR GAS ANALYSIS, 


typical behaviour of abnormal benzene derivatives. They all 
contain two active groups, one of which is hydroxyl. In all cases, 
the ortho-compound differs widely from the meta and para, which 
are similar to one another. The ortho-compound is always the 
most volatile, and in the liquid state the least miscible with water 
and the most miscible with benzene. In every way, the ortho. 
compounds behave as the less polar, and the meta and para as the 
more polar. 


Dyson PERRINS LABORATORY. 
OxFORD. [Received, October 11th, 1923. ] 


CCCXXVITII.—A New Absorption Pipette for Gas 
Analysis. 


By Stoney WALTER SAUNDERS. 


In most types of gas analysis apparatus, the glass-to-glass con- 
nexion between the measuring vessel and the absorption pipette 
is made by means of wired-on rubber pressure-tubing. Apart 
from the inconvenience caused by making these connexions, air is 
always liable to be trapped in the junction, causing an error in the 
analysis, which may be considerable if several such junctions 
have to be made. Part of these difficulties have been eliminated 
by Bone (P., 1898, 14, 154), who makes use of metal-to-metal 
joints. The apparatus to be described was designed to eliminate 
such joints, and thus increase the accuracy of the analysis. In 
the method adopted, the measuring vessel and the absorption 
pipette were rigidly connected together and mixing of the gas 
and reagent was secured by spraying the reagent through the gas. 

The diagram shows the arrangement for analysis at constant 
volume. The apparatus consists of a water-jacketed measuring 
bulb, A, forming part of one limb of a U manometer, the other 
limb, P, being immediately in front of a glass scale. The gas to 
be measured is confined in A between the tap, L, and a blue pointer, 
O, and its pressure is measured by the manometer. The absorption 
pipette consists of two bulbs, B and C, the capacity of each being 
approximately equal to that of A (about 30 c.c.), connected to 
each other by a piece of capillary tubing, Q, constricted a little 
at the middle, and by a piece of ordinary tubing, N, drawn out 
to rather a wide jet at the end inside B. The remainder of the 
apparatus will be clear from the diagram. 

In order to make an analysis, the apparatus is filled with mercury 
by raising the reservoirs H and F. The gas is introduced through 
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D, the apparatus being washed out by passing the gas into A and 
expelling it from A through K, which is then filled with mercury. 
Gas is then introduced into A and followed through the capillary 
tube with mercury from K, tap L is closed, and the temperature 
and pressure of the gas are noted. The reagent is then sucked 
into B through a piece of glass tubing attached to D. No glass- 
to-glass contact is necessary, nor is an air-tight joint. Having 
obtained the required amount of reagent in B, any air present is 
expelled via D; and to drive all the reagent into B, mercury is 
allowed to run into B from K, and tap WV is closed. A now contains 


Fra. 1. 


gas, B reagent, and C mercury. The gas is then transferred to B, 
the reagent being forced into C, and tap L is closed. After a few 
moments, the gas will be in B and the reagent in C. If the mercury 
reservoir, F, is now raised, the reagent is forced through N (only 
a little will pass through Q) and sprayed through the gas, running 
down the side of the bulb. is then lowered, when some gas will 
pass through N into C, and the reagent will run through the 
capillary and through the gas in C, causing further absorption as 
it is displaced, until all the gas is in B and reagent in C. The cycle 
can then be repeated. This requires about three minutes. The gas 
is then transferred to A and followed through with mercury 
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from K, and the reagent is expelled through D. Water is then 
sucked into B and C and, D being open, mercury is sprayed 
through it by raising F, ensuring a rapid washing. The mercury 
having been washed, B is filled with water, and the gas washed 
and transferred to A for pressure measurement. No reagent is 
ever allowed to enter A. The process is then repeated with other 
reagents. 

The apparatus cannot be used as above with reagents which 
attack mercury, but it can be used as an ordinary form of constant- 
volume apparatus by filling B and C with mercury and closing G. 
For these reagents connexion must be made at D in the ordinary 
manner. An improvement might be made by replacing the 
capillary Q by a capillary tap. The absorption pipette can be 
employed with either a constant-pressure or constant-volume 
apparatus. 


The author wishes to express his thanks to Mr. W. E. Garner 
for helpful advice and criticism. 


PHYSICAL CHEMISTRY LABORATORY, 
UNIVERSITY COLLEGE, LONDON. (Received, October 15th, 1923.] 


CCCX XIX.—Reduction of m-Methoxybenzyl Bromide 
by Hydrogen Iodide. 


By Joun BALDWIN SHOESMITH. 


In a recent paper (Lapworth and Shoesmith, T., 1922, 121, 1391), 
the ease of replacement of bromine in the three isomeric methoxy- 
benzyl bromides was considered from the point of view of the 
principle of induced alternate polarities. It was shown that whilst 
the halogen in m-methoxybenzyl bromide was less readily removed 
by alkali than was the halogen in the o- and p-isomerides, yet the 
m-isomeride was the most readily attacked by hydrogen iodide, 
iodine being especially rapidly liberated when m-methoxybenzyl 
bromide was dissolved in glacial acetic acid containing hydrogen 
iodide at 25°. The liberation of free iodine was interpreted as due to 
reduction of the methoxybenzyl bromide in accordance with the 
equations— 
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The quantity of iodine liberated corresponded with that expected 
from such a reduction. 

The result, namely, that the lability of the halogen atoms in 
m-methoxybenzyl bromide is least when alkali but greatest when 
hydrogen iodide is the reagent, is one that could not have been 
foreseen with the aid of any general principles enunciated prior 
to the principle of induced alternate polarities, and therefore 
was one to which the authors attached great importance. They 
had considered all other explanations of the course of the reaction 
and were satisfied that the preceding equations were the only ones 
which could account for the liberation of iodine in the experiment 
with hydrogen iodide. Since the publication of the original paper, 
however, the conclusions were privately criticised on the ground that 
it had not been established that the equations given represented the 
true course of the reaction ; the assumed reduction product, namely, 
m-tolyl methyl ether, had not been isolated. In view of this, the 
experiments described in the present paper were made and the 
results are now communicated, as they remove any serious doubt 
which might otherwise be entertained of the course of the reaction 
in question. 

When m-methoxybenzyl bromide is dissolved in a solution of 
hydriodic acid in glacial acetic acid (0-46 gram of HI per c.c.), 
iodine is at once liberated. In an hour’s time the amount of iodine 
present represents complete reduction of the —CH,Br group to 
—CH,. From such a reduction mixture m-tolyl methyl ether and 
m-cresol may be isolated. The ether, which is obviously the 
intermediate compound in the scheme OMe-C,H,CH,Br~ > 
OMe-C,H,Me + OH-C,H,Me, is demethylated in the solution with 
no liberation of iodine. 


EXPERIMENTAL. 

A solution of 6-06 grams of m-methoxybenzyl bromide in glacial 
acetic acid, containing 0-46 gram of HI per c.c. (compare Lapworth 
and Shoesmith, loc. cit.), the total volume being 50 c.c., was main- 
tained at 25°. After the reaction had proceeded for twenty minutes, 
1 c.c. of the mixture was withdrawn and the iodine which had been 
liberated titrated in about 100 c.c. of water with standard sodium 
thiosulphate solution; 93-5 per cent. of the bromide had been 
reduced. Samples withdrawn after the reaction had proceeded for 
an hour and an hour and a half were identical and indicated that 
reduction was complete (97:5 per cent.) and the liberation of iodine 
had ceased. 

Separation of the Reaction Products——The solution was poured 
into 200 c.c. of water containing 17 grams of sodium thiosulphate, 
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neutralised with solid sodium carbonate (during this operation the 
odour of methyl! iodide was very marked), and then extracted with 
ether. The ethereal solution was extracted thrice with 10 per cent. 
caustic potash solution, dried over anhydrous sodium sulphate, the 
ether removed, and the residual oil fractionated. The main fraction, 
b. p. 180—200°, weighed 0-90 gram. On refractionating, 0-50 gram 
boiled between 175° and 185°. This alkali-insoluble oil was m-toly| 
methyl ether (b. p. 177°) and was further identified by oxidising a 
small portion with alkaline permanganate to m-methoxybenzoic 
acid, and by demethylating to m-cresol as described below. 

From the caustic potash solution 0-70 gram of m-cresol, b. p. 
190—200°, was isolated in the usual way. It gave a bluish-violet 
colour with ferric chloride solution, and a precipitate with bromine 
water which crystallised from aqueous alcohol in white needles 
melting at 81—82°, alone or mixed with an authentic specimen of 
tribromo-m-cresol. 

Demethylation of the m-Tolyl Methyl Ether—The 0-50 gram of 
ether obtained in the first experiment was mixed with 5 c.c. of the 
acetic acid—hydriodic acid solution and kept for five hours at 25°. 
No iodine was liberated. The mixture was neutralised, etc., as 
before and a small trace of the ether was still unchanged; 0-17 
gram of m-cresol was isolated and identified as previously described. 

No liberation of iodine took place when a mixture of 0-50 gram of 
methyl] iodide with 5 c.c. of the acetic acid—hydriodic acid solution 
was kept for four hours. 


The author wishes to thank Prof. A. Lapworth for valuable 
suggestions re the communication of this note, and also the Ear! of 
Moray Research Fund Committee for a grant which defrayed the 
cost of some of the chemicals and apparatus used. 
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CCCXXX.—Organic Derivatives of Silicon. Part 
XXIX. Preparation, Properties, and Condensation 
Products of Di-p-tolylsilicanediol. 


By HERBERT SHEPPARD PINK and FREDERIC STANLEY 
KIPpPING. 


TuHE silicohydrocarbons formed by the action of sodium on di- 
chlorodiphenylsilicane are of such an interesting character (Kipping 
and Sands, T., 1921, 119, 830) that it was decided to study the 
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corresponding reaction in the case of dichlorodi-p-tolylsilicane. 
In the present paper, the preparation of this di-p-tolyl derivative 


‘ from silicon tetrachloride is described, but its behaviour towards 


sodium has not yet been investigated, as it was desirable in the first 
place to characterise the corresponding diol, Si(C,H,°CHs).(OH),, 
and its condensation products. 

Di-p-tolylsilicanediol is easily produced by hydrolysing the 
dichloride, but its isolation is very troublesome, because, like di- 
phenylsilicanediol (Kipping, T., 1912, 101, 2125), it readily under- 
goes condensation in presence of acids and alkalis, giving both 
open- and closed-chain compounds, corresponding with those 
obtained from the diphenyl derivative. When, for example, the 
dichloride is treated with water, it gives a glue-like mass of these 
condensation products : when treated with a 5 per cent. solution of 
sodium hydroxide, it gives a clear solution of the sodium derivative, 
but as soon as the diol is liberated by the addition of dilute acetic 
acid it begins to condense before it can be isolated. By following 
closely the method of purification which was successful in the case 
of diphenylsilicanediol (Kipping, T., 1912, 101, 2121), the di-p- 
tolyl derivative is obtainable in needles completely soluble in 
a 5 per cent. solution of sodium hydroxide and it can then be 
recrystallised in the ordinary way from various organic solvents. 

Two or three crystalline condensation products of the diol have 
been obtained up to the present. So far as can be established by 
analysis, molecular-weight determinations, and analogy with the 
diphenyl derivatives, the products are dianhydrotrisdi-p-tolylsilicane- 
diol (I), HO-Si(C,H,),"O°Si(C,H,),"O-Si(C,H,),*OH, m. p. 141°, and 
trianhydrotrisdi-p-tolylsilicanediol (I), O<Si7H"}*{9> SilC7H)o, 
m. p. 261°. A third crystalline product obtained in small quantity 
is probably tetra-anhydrotetrakisdi-p-tolylsilicanediol, but possibly a 
mixture of the trianhydrotris and tetra-anhydrotetrakis compounds 
corresponding with that (m. p. 185—186°) obtained from the 
diphenyl! derivative (Kipping, T., 1912, 101, 2040). Attention may 
be directed to the results of the cryoscopic determinations, recorded 
below, made with these condensation products; although they differ 
widely from the theoretical values, their very abnormality seems to 
supply evidence in support of the molecular formule respectively 
assigned to the compounds. 


EXPERIMENTAL. 


Dichlorodi-p-tolylsilicane, (C,H,Me),SiCl,.—A solution of p-bromo- 
toluene (195 grams; 2} mols.) in dry ether (600 c.c.) was added 
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gradually to magnesium (27 grams; 2} atoms) covered with ether 
(100 c.c.), the reaction mixture being kept at about 10°; if when 
the reaction is at an end the solution is cooled to 0°, it changes into 
an olive-green, jelly-like mass, which liquefies again at 12°. The 
reagent was added in the course of one and a half hours to silicon 
tetrachloride (85 grams; 1 mol.) cooled to 0°. Having been stirred 
during about eight hours longer, the mixture was heated on a 
reflux apparatus for three hours, the ether distilled, and the residue 
kept at 100° for three hours and then extracted with ether in the 
absence of moisture (Kipping, T., 1907, 91, 216). On evaporation, 
the ethereal extract deposited, as is usual, a considerable quantity of 
magnesium salt. After filtration, the brown oil was distilled under 
50 mm. pressure, the receiver being changed at intervals of 100° 
until the thermometer registered 300°. The considerable residue 
could not be distilled even at 15 mm. and set to a hard, brittle, 
non-crystalline mass when cooled. ~ 

The small first fraction (10—100°) contained traces of toluene and 
a little p-bromotoluene; the second fraction (100—200°) on re- 
distillation gave about 25 grams of trichloro-p-tolylsilicane, which 
passed over at about 125°, and liquids of higher boiling point, which 
were added to the third fraction. The third fraction (200—300°) 
was essentially a mixture of di-p-tolyl and dichlorodi-p-tolylsilicane. 
It gave on redistillation a small quantity of di-p-tolyl boiling at 
about 208°, which partly solidified when cold, and then a large 
fraction boiling from about 210° to 220°. The latter still contained a 
considerable proportion of di-p-tolyl, which could be partly removed 
by cooling the liquid to —10°, filtering rapidly and again fraction- 
ating, but even after these operations had been repeated several 
times, analysis showed that the product, which boiled at 225—226°/ 
50 mm., contained about 7 per cent. of di-p-tolyl.* 

The average yield of dichlorodi-p-tolylsilicane in several experi- 
ments carried out as described above was 23 per cent. of the 
theoretical, and did not seem to be improved by varying the pro- 
portion of the Grignard reagent. Attempts to increase the yield 
by using the modified method of applying the Grignard reagent, so 
successful in certain other cases (Kipping and Davies, T., 1911, 99, 
296), gave even less satisfactory results: there was a much larger 
proportion of non-volatile matter, which, treated with water, gave 
a colourless, non-crystalline solid partly soluble in 5 per cent. 
sodium hydroxide solution with evolution of hydrogen. Similar 
products are obtained in the preparation of many alkyl and aryl 
derivatives of silicon tetrachloride (compare Martin and Kipping, 


* The boiling point of di-p-tolyl was found to be 168° (20 mm.), 178° 
(35 mm.), 181° (41 mm.), 188° (50 mm.), and 198° (76 mm.). 
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T,, 1909, 95, 314), but not as a rule in such large proportions as in 
this particular instance. 

Trichloro-p-tolylsilicane (see above) is a colourless, fuming liquid, 
b. p. 210—215°. When treated with water, it gives an oily product, 
doubtless a condensation product of p-tolylsiliconic acid. 

Dichlorodi-p-tolylsilicane, b. p. 225—226°/50 mm., fumes only 
slightly in moist air. In spite of the difference in the boiling points,* 
its complete separation from di-p-tolyl is not easy, and being 
unnecessary for the immediate purpose in view, was not seriously 
attempted. 

Hydrolysis of Dichlorodi-p-tolylsilicane.—Preliminary experiments 
having shown that the decomposition of the dichloride with water 
gave a very unsatisfactory product, which, moreover, was con- 
taminated with di-p-tolyl, the oil was hydrolysed by adding it slowly 
to a well-stirred, ice-cold, 5 per cent. aqueous solution of potassium 
hydroxide. The turbid solution was rapidly filtered from the 
insoluble yellow oil (di-p-tolyl) and then immediately acidified with 
dilute acetic acid, which precipitated the diol in colourless, very 
bulky masses having the appearance of cotton wool : the precipitate 
was then rapidly separated by filtration and well washed with 
water. 

The filtrate contained a small quantity of what seemed to be 
p-cresol. As this compound could not have been present in the 
fractionated dichlorodi-p-tolylsilicane and could scarcely have been 
produced from the dichloride or the diol by the action of alkali 
(which would give toluene), it is probable that the fractionated 
dichloride contained some _ dichloro-p-tolyloxy-p-tolylsilicane, 
C,H,SiCl,-O-C,;H,, formed from oxidised magnesium p-tolyl 
bromide. 

Another by-product is obtained in the preparation of the diol; 
when the acidified filtrate is evaporated to dryness, it gives a residue 
consisting essentially of potassium chloride and acetate, but which 
contains a small proportion of organic matter insoluble in water. 
This product is soluble in ethyl acetate or chloroform, and on evapor- 
ation of the solutions is obtained as a brittle residue which does not 
melt at 360°; possibly it is a condensation product of p-tolylsiliconic 
acid formed from the substance formulated above. 

Isolation of Di-p-tolylsilicanediol—The precipitated diol was not 
completely soluble in 5 per cent. potassium hydroxide solution and 
when kept in a desiccator became very sticky and could not then 
be obtained from solution in a crystalline form. The roughly air- 
dried preparation was readily soluble in cold ether, chloroform, 
acetone, and many other solvents, from all of which it separated 


* Seo footnote on previous page. 
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at the ordinary temperature in silky needles mixed with pasty, 
cauliflower-like masses; such deposits were obviously impure and 
melted at 90—110°. After repeated failures to purify the diol by 
ordinary fractional crystallisation, the method used to obtain pure 
diphenylsilicanediol was applied. 

A solution of the impure substance in acetone was diluted with a 
small proportion of water; on the surface of the milky liquid thus 
produced, a skin of long, silky, transparent needles formed after two 
or three days; this was removed and its acetone solution again 
treated with water. ‘These operations were repeated and as puri- 
fication proceeded, the milkiness of the liquid produced by the 
addition of water to the acetone solution gradually diminished until 
finally a crystalline precipitate of pure diol was deposited and the 
supernatant liquid remained clear. 

The milky suspensions from the diol contain mixtures of con- 
densation products: they will remain unchanged in appearance 
over a period of six weeks or more, but the addition of a little 
sodium hydroxide solution, dilute acetic acid, or ammonium chloride 
causes coagulation of the suspended matter, which can then be 
separated by filtration. 

Di-p-tolylsilicanediol, (C;H,),Si(OH),, crystallises in small, trans- 
parent prisms and melts at 113—116°, according to the rate of 
heating, with evolution of steam. It dissolves freely in cold acetone, 
chloroform, ether, ethyl acetate, or the lower alcohols, but is only 
sparingly soluble in cold benzene, carbon disulphide, or carbon 
tetrachloride, and practically insoluble in cold petroleum. When 
pure, it is precipitated in slender needles from its chloroform solution 
on the addition of carbon tetrachloride (Found : C = 68:3; H = 
6-47; Si= 11-65. C,,H,,0,Si requires C= 68-7; H = 6-54, 
Si = 11-57 per cent.). 

It dissolves readily and completely in 5 per cent. aqueous 
sodium hydroxide, but the solution soon becomes turbid, even when 
it is kept in a desiccator over soda-lime, and in the course of some 
twenty-four hours practically the whole of the diol is precipitated 
as a glue, from which the condensation products melting at 186— 
187° and 260—261° can be isolated. 

Attempts to methylate the diol with methyl sulphate in pyridine 
solution were unsuccessful ; the product consisted of trianhydrotris- 

di-p-tolylsilicanediol (p. 2836), the yield of which was practically 
theoretical. 

Dianhydrotrisdi-p-tolylsilicanediol (Formula I).—The first con- 
densation product of di-p-tolylsilicanediol, corresponding with 
anhydrobisdiphenylsilicanediol, HO-SiPh,°O-SiPh,-OH, has not 
yet been characterised, a result which is doubtless due to the 
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difficulty of separating it from the oily mixtures produced from the 
diol under various conditions. 

Dianhydrotrisdi-p-tolylsilicanediol, the second condensation pro- 
duct, has also not yet been isolated from the glues produced by the 
action of alkalis on the diol, but it can be obtained in other ways. 
When the diol is heated at 100°, it liquefies in about thirty minutes, 
and after three hours the loss of weight remains constant at about 
467 per cent., the calculated value for the loss of one molecule of 
water being 4:92. The product, which becomes opaque and brittle 
when cold, is dissolved in chloroform and the solution diluted with 
light petroleum (b. p. 70—80°); after some time, crystals of di- 
anhydrotrisdi-p-tolylsilicanediol are deposited, but the yield is 
poor and the mother-liquors contain a considerable quantity of a glue- 
like mixture of other condensation products, from which the com- 
ponents have not been isolated. Dianhydrotrisdi-p-tolylsilicanediol 
erystallises well from a mixture of chloroform and light petroleum in 
rectangular plates melting at 141° (Found: Si = 12-34, 12-22; M, 
in freezing benzene, = 799. C,,.H,,0,Si, requires Si = 12-17 per cent. ; 
M = 697-5). This experimental result obviously indicates the 
presence of associated molecules and is closely comparable with 
the high values obtained in the case of dianhydrotrisdiphenylsili- 
canediol, which gave M about 750 (Calc., M = 613. Kipping, T., 
1912, 101, 2134); that the compound has the structure given above 
seems to be clearly established by the fact that it is easily converted 
into trianhydrotrisdi-p-tolylsilicanediol (p. 2836). 

Dianhydrotrisdi-p-tolylsilicanediol is readily soluble in most of 
the common organic media, including carbon disulphide, but it is 
only sparingly soluble in cold alcohol or light petroleum. Like the 
corresponding diphenyl derivative, it is not appreciably soluble in 
5 per cent. aqueous potassium hydroxide, but it is gradually dis- 
solved by alcoholic potassium hydroxide, being converted into the 
potassium derivative of di-p-tolylsilicanediol. It can also be obtained 
by treating an acetone solution of the diol with a very small propor- 
tion of concentrated hydrochloric acid and leaving the liquid to 
evaporate at the ordinary temperature. The glue-like product, 
which is partly crystalline, is dissolved in chloroform and the 
solution diluted with light petroleum; from the crystalline deposit 
which is ultimately obtained pure dianhydrotrisdi-p-tolylsilicane- 
diol is easily isolated. 

When pure di-p-tolylsilicanediol is heated at temperatures above 
100°, the loss of weight is far more than corresponds with the loss 
of one molecule of water (7-4 per cent.) ; thus after forty-eight hours 
at 105° the loss was 16-2 per cent. and after sixteen hours at 110° 
it was 17 per cent. and a constant weight had not been attained. 
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Similar results were obtained by Robison and Kipping in the case of 
dibenzylsilicanediol (T., 1912, 101, 2149) and were attributed to 
the formation and volatilisation of benzaldehyde; in the present 
case, the loss might possibly be due to the formation of toluene in 
consequence of hydrolysis by the liberated water. 

Trianhydrotrisdi-p-tolylsilicanediol (Formula II).—The dianhydro- 
compound just described seems to be stable at 100°, but when 
heated at 150° it loses water and is very largely converted into the 
trianhydro-derivative. The glassy product thus obtained (after 
heating during four hours) was dissolved in chloroform and the 
solution diluted with light petroleum. The crystalline precipitate 
was further purified by recrystallisation from ethyl acetate. The 
chloroform—petroleum mother-liquors on evaporation gave only a 
small proportion of a glue-like residue, showing that the tri- 
anhydro-compound is formed in approximately theoretical quantity. 

Trianhydrotrisdi-p-tolylsilicanediol crystallises from warm ethy!| 
acetate in rhomboidal plates, m. p. 261—262° (Found : Si = 12-59, 
12-60. C,.H4 0,Si. requires Si = 12-49 per cent.). 

The molecular weight in benzene solution by the cryoscopic method 
was found to be 626, 607, 637. These results do not agree with the 
theoretical (679) and, in fact, are much lower than those given by 
dianhydrotrisdi-p-tolylsilicanediol; the two sets of values, however, 
correspond closely with those which were obtained in the case of 
dianhydrotris- and _ trianhydrotris-diphenylsilicanediol (Kipping, 
T., 1912, 101, 2125) and therefore their irregularity does not cast 
any serious doubt on the suggested formule: a series of other 
determinations was made with the trianhydro-compound by the 
camphor method (Rast, Ber., 1922, 55, [B], 1051), but the results, 
although fairly concordant, were even lower (540—560) than those 
obtained with benzene. Trianhydrotrisdi-p-tolylsilicanediol is 
readily soluble in chloroform or ethyl acetate, very sparingly soluble 
in cold acetone or ether, and practically insoluble in alcohol or light 
petroleum. It does not dissolve when it is heated during a short 
time with 5 per cent. aqueous potassium hydroxide, but it is hydro- 
lysed by alcoholic potash, giving the potassium derivative of 
di-p-tolylsilicanediol. 

. Action of Piperidine on Di-p-tolylsilicanediol_—It seems highly 
probable that the two crystalline compounds described above are 
not the only condensation products formed from di-p-tolylsilicane- 
diol under the action of heat, acids, or alkalis, because under very 
varied conditions the diol yields a considerable proportion of non- 
crystalline matter which is not appreciably soluble in cold aqueous 
alkalis. In the hope of isolating some of the missing members of the 
series, the pure diol was treated with a trace of piperidine in acetone 
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solution. On evaporation at the ordinary temperature, the only 
roduct was a very viscous oil, from which, with the aid of chloroform 
and light petroleum, a small proportion of trianhydrotrisdi-p- tolyl- 
silicanediol was first isolated ; the remaining glue, left in an ice-chest 
with acetone during several days, gave crystalline deposits which 
consisted of trianhydrotrisdi-p-tolylsilicanediol and a substance of 
lower melting point. After the former had been separated as far 
as possible by fractional crystallisation and extraction with acetone, 
there was obtained what seemed to be a definite compound melting 
at 186—187° which crystallised from ethyl acetate in long slender 
prisms (Found: Si = 12-45. M, in freezing benzene, = 738, 737. 
CsgH;g0,Si, requires Si == 12-49 per cent.; M = 906). 

This substance is practically insoluble in light petroleum, carbon 
tetrachloride, or alcohol, but dissolves freely in most of the other 
ordinary organic solvents. It is not appreciably changed by hot 
5 per cent. potassium hydroxide solution. 

From the evidence available this compound is probably tetra-an- 
hydrotetrakisdi-p-tolylsilicanediol, but it seems not impossible from 
the relatively low melting point that it is a mixture (compare 
p. 2831); sufficient material was not available for further experi- 


ments. 


The authors express their gratitude to the Government Grant 
Committee of the Royal Society for a grant in aid of the investigation. 
One of them (H.S.P.) is indebted to the Education Committee of 
the Nottinghamshire County Council for a grant which enabled him 
to continue his studies. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, August 25th, 1923.] 


OCCXXXI.—Separation of Octoic and Decoic Acids 
from Cocoanut Oil. 


By Eric EveRARD WALKER. 


SomE years ago the author required a small quantity of decoic 
acid for some physical measurements, and as at that time the acid 
itself and the material for its synthesis were difficult to obtain, 
its isolation from cocoanut oil was attempted. The difficulty 
experienced in effecting this separation indicated that there 
was less of this acid present in the oil than was generally 
believed. The author intended to investigate this matter further 
in Ceylon, but circumstances led to the abandonment of the work, 
and as there is no probability of its being resumed in the near 
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future, such information as is available is published in the present 
note. 

'Georgey isolated decoic acid from cocoanut oil in 1875 by 
fractionating the barium salt. He stated that only traces of the 
acid were present which might be easily overlooked. In 1907, 
Paulmeyer (Za Savonnerie Marseillaise, 1907, No. 78) fractionated 
the mixed acids in a current of steam. He found 0-25 per cent. of 


octoic acid and 19-5 per cent. of decoic acid. In 1913, Elsdon | 


(Analyst, 1913, 38, 8) fractionated the methyl] esters and concluded 
that they contained 9 per cent. of octoic acid and 10 per cent. of 


decoic acid. The author’s observations do not support either of 


these analyses. 


The first attempt to isolate decoic acid was by fractionation of | 
the ethyl esters. The mixed acids (750 grams) were converted into | 
the esters and fractionated. Only 3-5 grams (0-47 per cent.) of a _ 
very impure acid melting at 24—25° were obtained after a pro- | 


longed fractionation of the esters. 


In the second attempt 2-5 kilograms of the mixed acids were 


roughly fractionated under diminished pressure. All fractions 
between practically pure octoic acid and practically pure dodecoic 


acid were collected and converted into the lithium salts. The | 


product was fractionally crystallised from water. The readiness 
with which the acids can be separated by this means is illus. 
trated by the following details of the fractional crystallisation 
of the lithium salts prepared from one portion of the distillate. 


Equivalent of acid. 


Ist crop 12 grams ..........ccccsees 218 (dodecoic acid 200-2) 
2nd crop 5 +s  ueupabeenebocsdes 172 (decoic acid 1722 
EE CLGD “Gk yg. snebadopseswscerens 147 (octoic acid 144-1) 


In all, 14 grams (0-58 per cent. of the original mixed acids) of | 
the lithium salt were obtained having an equivalent of 174. This 
was dissolved in 1500 c.c. of water and 15 per cent. of it was pre- 
cipitated as the barium salt and separated. The remainder was then | 
precipitated, and recrystallised from 75 per cent. alcohol. Nine _ 


grams of the clean crystalline salt were obtained (0-2010 gram of 


decoate gave 0-0830 gram of BaCO,. Calc., 0-0827 gram. Equiv- 


alent wt. 172-6). 

The salt was decomposed and gave an acid, m. p. 31-0°. This 
is a trifle low (Lewkowitsch gives 31-3° to 31-4°), but the acid is 
considerably purer than that obtained by Georgey after numerous 
fractionations of the barium salt in large volumes of alcohol and 
water. One hundred and fifty grams (6-0 per cent.) of octoic acid, 
m. p. 14-5°, were obtained from the same sample of mixed acids, 
and this furnished a good yield of pure acid melting at 16-5°. 
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Thus there cannot have been less than 6 per cent. of octoic acid, 
or less than 0-5 per cent. of decoic acid, and bearing in mind the 
readiness with which these acids can be separated by the method 
just described, it is difficult to believe that there can have been 
more than 1 per cent. or at the outside 2 per cent. of decoic acid 
in the original sample. This is entirely at variance with the 
analyses quoted in the first part of the paper, but is in agreement 
with Georgey’s observations. Whether this disagreement represents 
real differences in the composition of different samples of oil or 
whether the analyses were inaccurate cannot be stated definitely. 
The author had hoped to settle this point by analyses of oils from 
different sources in India and Ceylon, but these analyses were not 
completed. So far as the author is aware, no one has separated 
pure decoic acid from cocoanut oil in quantities which would 
indicate its presence in anything approaching 10 or 20 per cent. 
in the original sample. 


The author desires to thank Professor Lowry for permitting 
him to carry out this work in his laboratories. 


[Received, September 24th, 1923.] 


(CCX XXII.—Substitution in Vicinal Trisubstituted 
Benzene Derivatives. Part I. 


By Wi11amM Davies and Leon RUBENSTEIN. 


In Part I (Davies, this vol., p. 1575), a preliminary attempt was made 
to ascertain from the position of nuclear substitution in substances 
of type (1), whether the conception of intermediate formation 
of an additive compound of the reactant with one or more of 
the ethereal oxygen atoms can be used as a guide in predicting 
the position of substitution. If the hypothesis of addition pre- 
ceding substitution is correct, it is to be expected that the oxygen 
attached to R, will be prevented by the well-known hindering effect 
of two adjacent groups from forming such an intermediate compound. 
In that case -OR, will have no directing influence, and the substitu- 


} tion taking place will be in the para-position (since the directing 


influence of an aldehyde group is almost negligible compared with 
that of an alkyloxy-group) to -OR, which is spatially free to form 
the intermediate compound. As previously pointed out, this view 
might be used to explain the nitration of 2: 3-dimethoxybenz- 
aldehyde, where substitution takes place apparently entirely in 
the position ortho to the aldehyde group (Perkin and Robinson, 
T., 1914, 105, 2389). 
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The point at issue has been further investigated by examining 
the effect of substitution when R and R, are alternately methy! 
and ethyl, and when they are both ethyl radicles. In the case 
where R and R, are different, the value of this method is more open 
to doubt, since the two groups (quite independently of questions 
of mechanism of reaction) may differ considerably in orientating 
power. Professor Robinson, however, to whom one of us (W. D.) 
is much indebted for suggestions on these and kindred problems, 
has informed us (private communication) that in 2-ethoxyanisole 
one group is not much more powerfully directive than the other, 
Consequently, information is to be obtained bearing on the problem 
under discussion when R and R, are methyl and ethyl, as well as 
when they are both ethyl radicles. 


OR OEt Ot OFt 
% ‘or, CO) OMe —> ( OMe Pee é OMe 
CHO ' C 
\_ cH CHO 0,N\_JcHo \_ JcHO 

No, 
(I.) (II.) (III.) (IV.) 
OMe OMe OMe OMe 
Ort sae ( (NoEt + (NOE <— é Nou 
/JcHO XcHO ON JcHO  0,N\_ )cHO 
Yo, 
(V.) (V1.) (VIL.) (VIII) 


In the nitration of 2-methoxy-3-ethoxybenzaldehyde (Davies, 
loc. cit., p. 1590), a mixture of two isomerides is formed ot which 
(III) is probably the chief, as it can be isolated in about 40 per cent. 
yield, whilst (IV) cannot be isolated as such in a pure condition. A 
similar result is obtained by the nitration of 3-methoxy-2-ethoxybenz- 
aldehyde (V), when the two isomerides (VI) and (VII) are produced. 
The proportions are very difficult to ascertain, but 5-nitro-3- 
methoxy-2-ethoxybenzaldehyde (VII) is the only one to be citained 
in a pure state, and when the nitration product is oxidised, the acid 
corresponding to (VII) is obtained in a yield of more than 30 per 
cent., even when the mixture of acids produced has not been com- 
pletely resolved. The constitution of (VII) has been determined 
by the ethylation of 5-nitro-2-hydroxy-3-methoxybenzaldehyde 
(VIII), the constitution of which is known (Davies, loc. cit., p. 1584). 

Both these cases furnished no evidence of the formation of the 
intermediate compound (on the middle oxygen atom) being steri- 
cally prevented, and the nitration of 2 : 3-diethoxybenzaldehyde has 
accordingly been carried out. Here also a mixture of derivatives 
of o- and m-nitrobenzaldehydes is formed, In this instance, it has 
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not been possible to separate either isomeride from the nitration 
product, although the presence of each has been conclusively 


OEt OEt OEt OEt 
(ont oie 4 O—Ft + (~OEt <— ‘i OH 
Fd 


4 CHO HO ON )cHO ONL Jc 
NO, | (X.) (XIV.) 
(IX.) 

OEt OEt alkaline OEt OEt 


) ( ou hyaroiysis “ NOEL <— ort 

HO, H O;N\_ JCO,H CO.H 
ONS CO,H — 0,NL_ co, co, \_ jo, 

(XIIL.) (XIL.) (XL) (XV.) 


proved. The formation of the o-nitrobenzaldehyde derivative (IX) 
has been shown, as in all these cases, by the production of an 
indigotin derivative by the action of acetone and sodium hydroxide 
solution. When the nitration product is oxidised, the main acid 
(XI) isolated from the mixture melts at 118°, and is converted by 
boiling with dilute sodium hydroxide solution into 5-nitro-2-hydroxy- 
3-ethoxybenzoic acid (XII), the constitution of which has been shown 
by its production from 5-nitro-2-methoxy-3-ethoxybenzoic acid 
(XIII). - Moreover, 5-nitro-2 : 3-diethoxybenzaldehyde (X) has been 
synthesised by the ethylation of 5-nitro-3-ethoxysalicylaldehyde 
(XIV), and the pure aldehyde formed gives on oxidation the 5-nitro- 
2: 3-diethorybenzoic acid (XI) mentioned above as melting at 118°. 
The proportion of aldehydes in the nitration product or of the 
acids formed on oxidation of this has not been determined. It 
must, however, be remembered that the conversion of these 
heavily-substituted aldehydes into the corresponding acids is far 
from quantitative. The method of estimating the o-nitrobenz- 
aldehyde derivative by conversion into an indigotin has been tried 
in all these cases, and is far from satisfactory (pages 2845 and 2846). 
The proportion of 5-nitro-2 : 3-diethoxybenzoic acid formed by 
the oxidation of the nitration mixture is large, however, and the 
experiment shows that the nitration of 2 : 3-diethoxybenzaldehyde 
does not follow the surprising course of that of 2 : 3-dimethoxy- 
benzaldehyde. 

2: 3-Diethoxybenzoic acid (XV) is converted by nitration into 
5-nitro-2 : 3-diethoxybenzoic acid (XI) in good yield, and no other 
isomeride has been isolated. This experiment is completely 
analogous to the nitration of o-veratric acid, whereby 5-nitro-o- 
veratric acid is produced. 

These experiments show clearly that either steric hindrance 
does not play an interfering role in the formation of intermediate 
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additive compounds with the ethereal oxygen, or else more probably 
that such preliminary addition is not necessary for nuclear substitu. 
tion to take place. It will, however, be noticed that in all cases 
some o-nitrobenzaldehyde derivative is formed, which may be 
accounted for on the unsatisfactory hypothesis that steric hindrance 
has been only partly effective. The fact that both methoxy. 
and ethoxy-groups are powerfully para-directive is the simpler 
and alternative explanation. To test this point, 3-chloro-2-methory- 
benzaldehyde (X V1), in which the 3-group (chlorine) has a much 
weaker directing influence than the 2-group (methoxyl), has been 
nitrated, when no trace of the o-nitrobenzaldehyde derivative is 
produced. The only isomeride obtained is 3-chloro-5-nitro-2- 
methoxybenzaldehyde (XVII), which is formed in good yield. The 
proof of the formula assigned to this substance follows from the 
scheme, and from the fact that the corresponding 3-chloro-5-nitro-2- 
methoxybenzoic acid (XVIII) is almost quantitatively converted 
by alkaline hydrolysis into 3-chloro-5-niirosalicylic acid (XIX), no 
hydrolysis of chlorine being produced in the process. (For the value 
of this type of proof, see Davies, loc. cit., p. 1578.) 

Thus 3-chloro-2-methoxybenzaldehyde is substituted exactly 
in the position which would be predicted from the knowledge that 
methoxyl is a much more strongly directing group than the 
chlorine atom. The present investigation, therefore, does not 
bear out the original conception of the possible influence of steric 
hindrance on substitution in compounds of this type, and, on the 
one hand, rather supports the view of Kurt Meyer and Schoeller 
(Ber., 1919, 52, 1468) that preliminary addition takes place at the 
ends of a system of conjugated linkings, and, on the other, makes 
it doubtful whether in the nitration of alkyl aryl ethers, the 
common assumption of the intermediate oxonium compound is really 
justified. 


ci | cl Cl | a 
(NoMe <— (¢ oMe ef ‘ou >t ou 
(}  JeHo 
ONL HO \_ jcHo HO ON. 
(XVILI.) rote (XVL.) 
~ 
FP en Cl OMe 
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(XIX.) pe ) 7H 


VICINAL TRISUBSTITUTED BENZENE DERIVATIVES. PART It. 2843 


This research, therefore, leaves the remarkable result of the nitra- 
tion of o-veratraldehyde (XX) unexplained. There are several 
authenticated cases extant of other remarkable and unexpected 
substitutions in compounds where two or more groups are adjacent. 
For example, 2 : 3-dinitrochlorobenzene (X XI) is largely converted 
by nitration into 2:3: 5-trinitrochlorobenzene (Holleman, Proc. 
Acad. Amsterdam, 1922, 25, 223: Chemical Abstracts, 1922, 16, 4193), 
which is quite inexplicable. Usually chlorine has a far stronger 
directing power than nitroxyl, but the reverse holds in this case. 
Again, von Braun (Ber., 1916, 49, 1101) shows that changes in the 
substituent X (Me,Cl,Br,OMe) in ortho-substituted dimethyl- 
aniline derivatives (XXII) cause great variation in the yield of the 
quaternary ammonium iodide (X XIII) produced, and that the same 
changes in X bring about the same variations, at any rate of the 
same order, in the yield of the p-dimethylaminobenzyl alcohol 
derivative (XXIV). This furnishes a very good instance of the 


Cl NMe, NMe,I NMe, 
we OO 0 
fr \/ vw, \Z 
(XXL) (XXIL) (XXII) . CH,"OH 
(X XIV.) 


apparent effect of steric hindrance on substitution, but its value 
is much diminished by the fact that the oxidation of the benzyl 
alcohol derivatives (X XIV) to the benzoic acid is affected in the same 
way by changes in the now remote substituent X. This unexpected 
result may be explained by the presence of a linking between the 
-NMe, and -CH,:OH groups, but such an assumption raises debat- 
able points which are out of place in this communication. These 
and several other remarkable instances that have attracted our 
attention show that the juxtaposition of groups in the benzene 
nucleus sometimes causes quite unexpected further substitution 
to take place. 

With the exception of the bromine derivatives, the formule 
of almost all the new compounds (apart from the two probable 
o-nitrobenzoic acid derivatives described on pages 2847 and 2849) 
have been rigidly proved. In the bromination of o-veratraldehyde, 
2-methoxy-3-ethoxy-, 3-methoxy-2-ethoxy-, and 2 : 3-diethoxy- 
benzaldehyde, only one compound has been isolated in each case, 
and this, on nitration, is convertible into a derivative of o-nitro- 
benzaldehyde, as shown by the production of an indigotin in the 
usual way. Moreover, in every case, the same _ bromo-2: 3- 
dialkyloxybenzaldehydes have also been produced by methylating 
or ethylating bromo-o-vanillin or bromo-3-ethoxysalicylaldehyde. 
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Now in the course of this research the nitroxyl in nitro-o-vanillin 
and nitro-3-salicylaldehyde has been proved to be in the 5-position, 
where it would be expected to go. There is consequently no reason 
to doubt that the bromine is similarly directed by the hydroxy] 
group to the para-position, in preference to the 4-position. No 
instance of 4-substitution has, in fact, been encountered in the course 
of this work. Hence, as the bromine has been proved not to be 


OMe OMe i OMe 2a 
OMe <— OMe <— Nou OH <— ‘o 
Br CHO me CHO Bi CH 0 CHO 


NO, Ler 
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NO, sates (XXV.) 


Br 


in the 6-position, the cumulative evidence is very strong that all 
the bromination products are 5-bromo-derivatives. The scheme 
given summarises the evidence obtained of the constitution of 
the bromination products of o-veratraldehyde (XXV) and of 3- 
methoxy-2-ethoxybenzaldehyde (XXVI). Precisely similar evi- 
dence of the formule of the bromination products of 2-methoxy- 
3-ethoxybenzaldehyde and of 2 : 3-diethoxybenzaldehyde is to be 
found in the experimental portion of the paper. 

The new compounds described are normal in behaviour. It may, 
however, be here mentioned that both 3-methoxy-2-ethoxy- and 
2: 3-diethoxy-benzaldehydes are pungent sternutatory liquids at 
the ordinary temperature, and on distillation at ordinary pressures 
are partly converted into derivatives of phenol, migration of an 
alkyl group into the nucleus having taken place under these con- 
ditions (compare Claisen and Eisleb, Annalen, 1913, 404, 112). 


EXPERIMENTAL. 
Nitration of 2-Methoxy-3-ethoxybenzaldehyde (continued). 


A partly successful attempt has been made to separate the o-nitro- 
benzaldehyde derivative present in the nitration product of 2- 
methoxy-3-ethoxybenzaldehyde (this vol., p. 1590). After remaining 
for an hour at 0°, the nitrated mixture is filtered, the filtrate diluted 
with water, and the precipitate (0-4 gram from 4-0 grams of the 
aldehyde) repeatedly crystallised from methyl alcohol. The 
fraction melting at 93—96° can be converted in very large pro- 
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portion into an indigotin derivative and on oxidation in the usual 
way is converted into a trace of 5-nitro-2-methoxy-3-ethoxybenzoic 
acid (m. p. 177°), but mostly into the more soluble acid already 
described melting at 157-5°, which is doubtless 6-nitro-2-methoxy- 
3-ethoxybenzoic acid. 

The proportion of the isomerides formed in the nitration of the 
above methoxyethoxybenzaldehyde has not been accurately 
determined. The method of estimating o-nitrobenzaldehyde deriv- 
atives by conversion into o-nitrosobenzoic acids by the action of 
ultra-violet light is not very suitable here, and conversion into an 
indigotin leaves much to be desired, owing to oxidation of one or 
more of the nitroaldehydes to the corresponding acid during the 
condensation, and probably also to the formation of m-nitro- 
henzylideneacetone derivatives. The following is an example of 
the procedure adopted. The nitration product (3-5 grams), which 
is not kept in the presence of nitric acid when the reaction 
has finished, is dissolved in warm acetone (20 c.c.), 10 per cent. 
sodium hydroxide solution (9 c.c.) added, and the solution after 
five minutes diluted with water (70 c.c.), heated on the water-bath 
for an hour, and kept over-night. The indigoid precipitate is washed 
with dilute sodium hydroxide solution and then with water, the 
total filtrate treated with excess of carbon dioxide and evaporated to 
dryness under reduced pressure, and the residue treated with water 
(50 c.c.) (solution A). The crude indigo, after digestion with benzene 
(25 c.c.), is obtained as a beautifully crystalline substance with 
bronze glance (1:05 grams; m. p. 270° uncorr.). The benzene 
solution is evaporated, the residue (1-7 grams) mixed with solution 
(A), to which excess of potassium bicarbonate has been added, and 
oxidised with dilute potassium permanganate solution. Even when 
45 grams of potassium permanganate are used, some carbonyl 
compound is still present. The reaction product is filtered, the 
manganese dioxide washed with a little hot water, and the filtrate 
concentrated and acidified, practically pure 5-nitro-2-methoxy-3- 
ethoxybenzoic acid (0-8 gram) melting at 168° to 176° being pro- 
duced. These figures show that about 50 per cent. of the nitro- 
aldehydes is not accounted for. This fact must be partly attributable 
to the excess of potassium permanganate used, which rarely gives 
even approximately quantitative yields of acids by the oxidation 
of pure vicinal aromatic aldehydes of this type (see Davies, loc. cit., 
1591; this vol., p. 2847). This indigotin method has been tried with 
the other 2 : 3-dialkyloxybenzaldehyde nitration products, but is 
very unsatisfactory. However, as considerable quantities of the 
)-nitro-derivative have been detected in every case, the method 
has not been further elaborated. 
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Nitration and Bromination of 3-Methoxy-2-ethoxybenzaldehyde. 


3-Methoxy-2-ethoxybenzaldehyde (V).—A mixture of o-vanillin (17-5 
grams), ethyl alcohol (120 c.c.; 97 per cent.), ethyl iodide (12-5 c.c.), 
and 2 c.c. of a sodium hydroxide solution (6 grams of sodium 
hydroxide in 12 c.c. of water) is boiled during fourteen hours, 
1 c.c. of the sodium hydroxide solution being added about every 
hour, so that the amount of free alkali present at any time is very 
small and the Cannizzaro reaction is prevented from taking place. 
Five c.c. of ethyl iodide are now added and five hours later most 
of the alcohol is distilled off, the product poured into water, extracted 
with ether, and the ethereal solution washed with sodium hydroxide 
solution and with water, dried over potassium carbonate, and evapor- 
ated. The residual oil distils almost completely at 140°/18 mm., 
the yield being 15-5 grams. 3-Mcethoxy-2-ethorybenzaldehyde is 
a colourless, highly refractive liquid heavier than water, aud solidi- 
fies at 0° to colourless needles which melt at room temperature. It 
is pungent and sternutatory, although less so than 2 : 3-dicthoxy- 
benzaldehyde. Both these ethers, when distilled at ordinary 
pressures, are partly converted into derivatives of phenol, as is 
shown by the distillate giving an intense blue coloration with ferric 
chloride solution. The phenylhydrazone of 3-methoxy-2-ethoxy- 
benzaldehyde consists of colourless prisms melting at 122°, and the 
p-nitrophenylhydrazone of intense orange-red needles which turn 
light yellow at a temperature a few degrees below the m. p. 192°. 

Repeated attempts to ethylate o-vanillin with ethyl iodide and 
silver oxide were unsuccessful. 

Nitration of 3-Methoxy-2-ethoxrybenzaldehyde.—The nitration mix- 
ture of methoxyethoxybenzaldehyde (6 grams) and nitric acid 
(20 c.c.; d 1-42), having reacted at 10—20°, is kept for two hours 
at 0° and filtered. The solid is crystallised from ethyl alcohol, 
from which 1-5 grams of 5-nitro-3-methoxy-2-ethoxybenzaldehyde 
(see below) separate in light yellow plates melting at 137° (Found: 
N=63. Cj )H,,0;N requires N = 6:2 per cent.). The nitric acid 
filtrate on dilution with water yields 5-35 grams of a product, 
melting indefinitely at 60—100°, which can be largely converted 
into an indigotin derivative. 

Attempted Separation of the Isomerides.—Separation of the o-nitro- 
benzaldehyde derivative by conversion into the corresponding 
indigotin is even less satisfactory than is the case with the nitro- 
derivatives of 2-methoxy-3-ethoxybenzaldehyde (page 2845). The 
amount of indigoid substance formed is less than 10 per cent., 
and the small proportion of organic acid produced melts, after 
purification, at 169°. A very partial separation can be effected 
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as follows: 2 grams of the initial nitration product, melting at 
50—100° (from which none of the isomeride melting at 137° had 
been removed), are converted by oxidation with excess of per- 
manganate in the presence of potassium bicarbonate into two acids. 
The less soluble one (0°75 gram; m. p. 162—168°) consists of 
5-nitro-3-methoxy-2-ethoxybenzoic acid (see below) melting, after 
recrystallisation, at 169°. The more soluble acid (0-15 gram) 
separates from water in plates, m. p. 132°, and is doubtless 6-nttro- 
3-methoxy-2-ethoxybenzoic acid (Found: equivalent = 240. 
CipH,,0,N requires equivalent = 241). When the mother-liquor 
is concentrated, a mixture of acids (0-4 gram) melting from about 
105° to 130° is isolated. 

Synthesis of 5-Nitro-3-methoxy-2-ethoxybenzaldehyde (V11).—5- 
Nitro-2-hydroxy-3-methoxybenzaldehyde (Davies, loc. cit., p. 1578) 
is ethylated with ethyl iodide and silver oxide in chloroform solution, 
when an almost theoretical yield of 5-nitro-3-methoxy-2-ethoxy- 
benzaldehyde, m. p. 137°, identical with the product (m. p. 137°) 
formed by direct nitration of 3-methoxy-2-ethoxybenzaldehyde 
(see above), is obtained. 

5-Nitro-3-methoxy-2-ethoxybenzoic acid, prepared by oxidising 
5-nitro-3-methoxy-2-ethoxybenzaldehyde with potassium perman- 
ganate (yield 65 per cent.), forms minute needles, m. p. 169°, 
and is moderately soluble in hot and sparingly soluble in cold water 
(Found : equivalent = 240-9. C,),H,,O,N requires equivalent = 
241). 

Bromination of 3-Methoxy-2-ethoxybenzaldchyde (XXVI1). Three 
grams of this substance are brominated in the way described on 
page 2849 (yield 3-35 grams). 5-Bromo-3-methoxy-2-ethorybenz- 
aldehyde consists of colourless needles melting at 84:5°. The nitro- 
derivative separates from alcohol in thick, colourless plates melting 
at 101°, turns greenish-blue on exposure to light, and is readily 
converted into an indigotin derivative. 

The product of ethylation of bromo-o-vanillin (Davies, loc. cit., 
p. 1586), which is effected almost quantitatively by ethyl p-toluene- 
sulphonate and sodium hydroxide in aqueous ethyl!-alcoholic solu- 
tion, melts at 84° and is identical with the bromo-3-methoxy-2- 
ethoxybenzaldehyde described above. The position of the bromine 
atom in this compound is therefore established with some degree of 
certainty. 


Nitration and Bromination of 2 : 3-Diethoxybenzaldehyde. 


2 : 3-Diethoxybenzaldehyde, which is not easily obtained by the 
ethylation of 3-ethoxysalicylaldehyde by means of ethyl iodide and 
silver oxide, but is readily formed in almost theoretical yield by 

aC 2 
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the method used in the preparation of 3-methoxy-2-ethoxybenz. 
aldehyde (page 2846), is a colourless liquid with an extremely pungent 
odour and boils at 169°/37 mm. (Found: C = 67:5; H = 7-3. 
C,,H,,0, requires C = 68-0; H = 7-2 per cent.). 

Nitration.—Carried out in the usual way (2-5 grams of the aldehyde 
and 12 c.c. of nitric acid, d 1-42), nitration yields a light yellow 
substance which, when washed and dried, melts at 40—50°. The 
product is purified for analysis by dissolution in a little alcohol, 
reprecipitation, and thorough washing with water (Found: 
C= 542; H=5-45. C,,H,,0;N requires C = 55:2; H = 5-4 
per cent.).* It is thus clear that there is little if any dinitro- 
derivative formed. The nitration product is partly convertible 
into an indigotin derivative in the usual way. 

Attempted Separation of the Isomerides.—Crystallisation from 
organic solvents and even from nitric acid is ineffective. The separ. 
ation by conversion of the o-nitrobenzaldehyde into an indigotin 
derivative has been tried with the following results. The mixture 
of isomerides (2-9 grams) is converted into 0-4 gram of a pure indi- 
gotin (high-melting needles with bronze glance). The filtrate, 
when treated as in the method described on page 2845, gives 0-8 
gram of slightly impure 5-nitro-2 :3-diethoxybenzoic acid (see 
below), melting at 115—117°. This method of separation is very 
unsatisfactory. 

The oxidation of the nitration product of 2 : 3-diethoxybenz- 
aldehyde with excess of potassium permanganate in potassium 
carbonate solution results in the formation of considerable quantities 
of an acid (colourless needles, m. p. 118°), and of a small amount 
of a much more soluble acid consisting of small, compact crystals 


* Note on the Analysis of Ethoxy-derivatives.—It was noticed in the course 
of this work that nitroethoxy- and especially nitrodiethoxy-derivatives tend 
to give low carbon and very high nitrogen values. For example, the nitration 
mixture the analysis of which is recorded above gave a nitrogen value of 
7°7 per cent. when carried out as usual (calc., N = 5:9 per cent. for one nitro- 
group and 9°9 per cent. for two nitro-groups). The analysis was repeated, 
the tube being heated at a higher temperature (Found: N = 6°85 per cent.). 
Accordingly, pure 2-methoxy-3-ethoxybenzaldehyde (0°1705 gram) was 
analysed for nitrogen in the usual way (Dumas’s method with pure magnesite), 
and 2°9 c.c. of “nitrogen ’’ were obtained at 19° and 758 mm. This gas 
decolorised dilute potassium permanganate solution, being partly absorbed 
in the process, and very probably contained ethylene. Its production can 
be entirely avoided by carrying out the combustion at considerably higher 
temperatures than usual and using larger quantities of copper oxide. In 
this way, no “‘ nitrogen ’’ was produced from the same specimen of 2-methoxy- 
3-ethoxybenzaldehyde. ‘The lowering of the carbon value in ethoxy- and 
(where it is generally greater) in diethoxy-derivatives can be similarly 
prevented. 
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melting at about 102°. This is very probably a more or less pure 
form of 6-nitro-2 : 3-diethorybenzoic acid, but has not been further 
examined. A mixture of two or more acids is also formed. The 
acid, m. p. 118° (Found: equivalent = 253. C,,H,,0,N requires 
equivalent = 255), when boiled for eight hours with excess of 
2N-sodium hydroxide, is converted into 5-nitro-2-hydroxy-3-ethoxy- 
benzoic acid (Davies, loc. cit., p. 1589), and therefore is 5-nttro-2 : 3- 
diethoxybenzoic acid. 

5-Nitro-2 : 3-diethoxybenzaldehyde, obtained in good yield by the 
ethylation of 5-nitro-2-hydroxy-3-ethoxybenzaldehyde by means 
of ethyl iodide and silver oxide, consists of pale yellow needles 
melting at 71°. It is converted by oxidation into the nitrodiethoxy- 
benzoic acid (m. p. 118°) already described, the identity being 
established by the method of mixed melting points. 

Nitration of 2:3-Diethoxybenzoie Acid.—2 : 3-Diethoxybenz- 
aldehyde (2-4 grams), suspended in 25 c.c. of a boiling 10 per cent. 
potassium bicarbonate solution, is gradually oxidised with potassium 
permanganate (2-4 grams) in hot water (30 c.c.), the oxidising 
solution being added in very small amounts at a time. Even when 
this large excess of permanganate has been used, the pungent 
odour of the aldehyde is still perceptible. The acid is worked up 
in the usual way, when 1-5 grams of colourless crystals are obtained. 
2: 3-Diethoxybenzoic acid melts at 55-5°, is very soluble in boiling 
water and moderately soluble in cold water. 

Nitrated in the usual way (10 c.c. of nitric acid, d 1-42), the acid 
(l:l grams) yields 0-75 gram of needles (recrystallised from hot 
water) melting at 118°. Beyond the fact that the melting point 
of the uncrystallised acid is rather low, there is no evidence of the 
presence of an isomeric acid. The acid isolated does not depress 
the melting point of specimens of the nitrodiethoxybenzoic acid 
(m. p. 118°) already obtained. 


Bromination of 2 : 3-Diethoxybenzaldehyde. 


The aldehyde (2 grams), dissolved in glacial acetic acid (15 c.c.), 
is treated with a solution of bromine (1-9 grams) in acetic acid (5 ¢.c.). 
The temperature rises, and the reaction product, having been main- 
tained under anhydrous conditions for three days, is poured into 
water, when an oil is produced which solidifies after long standing. 
This substance (2-1 grams) crystallises from ethyl alcohol in long, 
colourless needles melting at 46°. The p-nitrophenylhydrazone 
crystallises from alcohol, in which it is sparingly soluble, in orange- 
red hairs melting at 207°. The free aldehyde when nitrated is 
converted into a substance, light yellow plates, m. p. 110° (Found : 
C= 413; H=40. C,,H,.O;NBr requires C = 41:5; H= 3-8 
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per cent.), which is readily transformed into a derivative of indigo. 
tin. 

The bromo-derivative of 3-ethoxysalicylaldehyde is ethylated 
by means of ethyl p-toluenesulphonate (compare page 2847), the 
product slowly solidifying to give 5-bromo-2 : 3-diethoxybenz- 
aldehyde, identical with the substance described above which melts 
at 46°. The p-nitrophenylhydrazone consists of orange-red hairs 
melting at 206° (Found: Br= 19-5. C,,;H,,0,N,Br requires Br = 
19-7 per cent.). 


Nitration of 3-Chlorosalicylaldehyde and its Derivatives. 


3-Chlorosalicylaldehyde has already been prepared by the reduc. 
tion of 3-chlorosalicylic acid (D.R.-P. 228838) and is described as 
a solid melting at 54°. The material required in this investigation 
has been made from o-chlorophenol by the Reimer-Tiemann reaction. 
The yield is only 10 to 15 per cent. of the o-chlorophenol taken, partly 
owing to the formation of a large proportion of 3-chloro-p-hydroxy.- 
benzaldehyde, which is non-volatile in steam. The required 
hydroxy-aldehyde is separated from the large amount of unchanged 
o-chlorophenol in the steam distillate by means of its sodium bi- 
sulphite compound, and crystallises from methyl alcohol in long, 
colourless needles, which melt at 55° and are readily soluble in the 
usual organic solvents. 

Nitration of 3-Chlorosalicylaldehyde——tThis phenolic derivative 
is not nitrated by a cold glacial acetic acid solution of nitric acid. 
The aldehyde (2 grams) in glacial acetic acid (10 c.c.) is treated at 
45° with nitric acid (0-8 c.c.; d 1-42) in 4 c.c. of acetic acid, the 
temperature being maintained at 40—45° for a quarter of an hour, 
when crystals begin to separate. After an hour at room temper- 
ature, the product is poured into water, when 2-15 grams of the nitro- 
derivative, m. p. 125—127°, are obtained. 3-Chloro-5-nitro-2- 
hydroxybenzaldehyde crystallises from dilute alcohol in yellow 
needles, m. p. 129°, and gives a deep violet coloration with alcoholic 
ferric chloride solution (Found: N= 6-7. C,;H,0,NCl1 requires 
N = 6-9 per cent.). 

3-Chloro-5-nitro-2-meihoxybenzaldehyde (XVII).—The methylation 
is conveniently carried out by Purdie’s method (see below). Pure 
ether has been used as solvent in this case, the time required being 
three hours and the yield practically quantitative. When crystall- 
ised from methyl alcohol, the product is obtained in faintly yellow 
needles, m. p. 90°. The melting point of this substance changes on 
keeping (Found: C= 444; H = 3-06.. C,H,O,NCI requires 
C = 44-5; H = 2°8 per cent.). 

3-Chloro-5-nitro-2-methoxybenzoic Acid (XVIII).—The preceding 
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aldehyde, oxidised in the way described on page 2849, yields an acid, 
colourless needles, which is moderately soluble in water and 
melts at 155:5° (Found: equivalent = 231. C,H,0O;NCl requires 
equivalent = 231-5). 

3-Chloro-2-methoxybenzaldehyde.—The methylation of 3-chloro- 
salicylaldehyde does not proceed smoothly with methyl sulphate, 
but is almost quantitatively carried out by Purdie’s method. 
3-Chloro-2-methoxybenzaldehyde is a fragrant, limpid liquid, b. p. 
about 255°, which solidifies at 0° in colourless needles. It is readily 
oxidised to the corresponding acid by atmospheric oxygen, and the 
low carbon result in the following analysis is attributed to slight 
oxidation (Found: C = 55-5; H = 4-0. C,H,O0,Cl requires C = 
563; H = 4-1 per cent.). This ether is converted in the usual 
way into the corresponding 3-chloro-2-methoxrybenzoic acid, white 
leaves, m. p. 117°, readily soluble in hot and slightly soluble in 
cold water (Found: equivalent = 189. C,H,O,Cl requires 
equivalent = 186-5). 

Nitration of 3-Chloro-2-methoxybenzaldehyde.—This derivative of 
anisole is not nitrated by cold concentrated nitric acid, and even 
at 90° the nitration is very slow. A mixture of concentrated nitric 
acid (0-5 c.c.: d 1-50) and concentrated sulphuric acid (1 c.c.), 
cooled to —10°, is stirred vigorously while the methyl] ether (1-0 
gram) is very gradually added. After being stirred for four hours, 
the product is poured into water, when it solidifies, and after washing 
and drying weighs 1-1 grams. No trace of an indigotin derivative 
is obtained by the action of acetone and sodium hydroxide solution. 

In order to separate any nitro- or dinitro-derivatives of o-chloro- 
anisole from the nitro-aldehyde, the nitration product is dissolved 
in ether, an almost saturated solution of sodium bisulphite added, 
and the mixture vigorously shaken. The bisulphite compound 
is collected after several hours, washed with ether, and then decom- 
posed with hydrochloric acid. The aldehyde obtained (0-75 gram) 
is recrystallised from methyl alcohol, from which it separates in 
pale yellow needles melting at 90°, and also at this temperature 
when mixed with the methyl ether prepared from the nitration 
product of 3-chlorosalicylaldehyde (page 2850). 

Nitration of 3-Chloro-2-methoxybenzoic Acid.—This acid, like 
the corresponding aldehyde, is not readily nitrated by nitric acid 
alone, but is attacked by excess of a mixture of equal parts of nitric 
acid (d 1:5) and concentrated sulphuric acid. The temperature 
should be kept between 20° and 30° throughout, during the latter 
part of the reaction by external heating. Five minutes after all 
the benzoic acid derivative has been added, the solution is poured 
into water, and the nitrated acid is obtained in almost quantitative 
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yield in colourless needles melting at 155-5°; it is identical with the 
chloronitromethoxybenzoic acid already described. 

It is clear from the above experiments that in the nitration of 
3-chlorosalicylaldehyde, its methyl ether, and of 3-chloro-2-methoxy- 
benzoic acid, the nitroxyl in cach case enters the same position 
relative to the chlorine atom. The position actually taken up is 
shown by the action of alkali on the chloronitromethoxybenzoic acid. 

3-Chloro-5-nitro-2-hydroxybenzoic Acid (XIX).—The preceding 
acid (m. p. 155-5°) (1:5 grams), dissolved in 40 c.c. of 2N-sodium 
hydroxide, is heated on the water-bath for fifteen hours, and the 
solution acidified with dilute sulphuric acid, when a new acid 
(1-3 grams) is deposited. The filtrate contains no trace of chloride, 
The acid, freed from inorganic material by conversion into its 
sodium salt or by dissolution in ether, in which it is very soluble, 
crystallises from methyl alcohol in clusters of minute, colourless 
needles which sinter above 250° (Found: Cl = 16-4. C,H,O;NCl 
requires Cl = 16-3 per cent.). The alcoholic solution of 3-chloro- 
5-nitro-2-hydroxybenzoic acid gives with ferric chloride solution a 
reddish-violet coloration which soon becomes brown. When 
treated with alkali, the acid forms a deep orange solution. 

This experiment shows that in all these nitro-derivatives the 
nitroxy] is in the position meta to the chlorine atom. 


The authors are indebted to the Research Fund Committee of 
the Chemical Society for a grant which has defrayed some of the 
expenses of this investigation. 
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CCCXXXITI.—Ring-chain Tautomerism. Part VII. 
The aBB-Trisubstituted Glutaric Acid Type. 


By KantinaL CaHAGANLAL Panpya and JocELYN FIELD 
‘THORPE. 


In Part I of this series (T., 1922, 124, 650) attention was directed 
to the probable occurrence of ring-chain tautomerism between the 
three forms I, IT, and ITT, of a trisubstituted glutaric acid derivative, 


” C(OH)-CO,H 
.~0(OH)-CO,H CO-CO,H te, 
R,C ( “ seemed oC 2 —_—_ " “ 
‘ SOte-C0,H Rs <CHMe-CO,H ~ OR, Q 
CHMe:-CO 
(I.) (II.) (III) 


(Hydroxy-ring form.) (Keto-acid form.) (Hydroxy-lactone form.) 


for 
to. 
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and it is in this way that the peculiar properties of the acid 
(H3205; which Balbiano had obtained by the oxidation of cam- 
phoric acid (Rend. Accad. Lincet, 1892, I, 278; Ber., 1894, 27, 
2133), were explained. 

It will be remembered that Balbiano at first suggested the pres- 
ence of a hydroxyl group in the acid, but that later Mahla and 
Tiemann (Ber., 1895, 28, 2151) brought forward evidence showing 
that the acid reacted as if it had the keto-acid formula (type IT), 
and eventually Balbiano, rejecting both these, gave the butylene- 


oxide formula MexC< CH CO HS 0 (IV) (Ber., 1897, 30, 289, 1901). 


A general review of the arguments in favour of both formule 
(I and IV) was given in Part I, and the conclusion drawn that, 
whereas the oxide formula of Balbiano should be discarded, there 
was evidence to warrant the assumption that, in the trimethyl 
series, there is actual tautomeric interchange between the three 
individuals, I, II, and III. Care was taken, however, not to 
emphasise the tautomeric character of the hydroxy-ring form (I), 
because, although there was ample evidence to show that Balbiano’s 
acid reacted both as a keto-acid (II) and a hydroxy-lactonic acid 
(III), the only experimental evidence justifying the inclusion of 
the hydroxy-ring form (I) in the scheme of interchange was the 
fact that the formation of Balbiano’s acid (in either keto- or hydroxy- 
lactone form) from camphoric acid rendered it necessary that the 
dihydroxy-acid (V) should intervene as an intermediate product thus : 


CMe M 
i A vie 
H,C’ | ‘CO,H HO-(-CO,H 
me mh ie —_ Me(/Me (V.) 
ies ie 


HO-C-CO,H 
H 


for it is only through the hydroxy-ring form (I) that it is possible 
to pass from this dihydroxy-acid (V) to the individuals IT and ITI. 


CHMe-CO,H 
_-r Me,C (IIL.) 
//eMe-C03H : \co-C0,H 
Me, «| we 
(OH)-CO,H —~_ /SEMe-CO 
~> Me,C¢ b (IIL.) 
C(O) 
CO,H 


It is evident, however, that the change may be a non-reversible 


one, in which case the hydroxy-ring acid would merely act as an 
5 a* 
5C 
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‘intermediary in the production of a more stable complex. IE this 
is the case, and the general experimental evidence brought forward 
in this paper strongly supports it, we are dealing with two funda- 
mentally distinct phenomena when we discuss the ring-chain 
tautomerism possessed by a structure such as Balbiano’s acid and 
that shown by the gem-substituted glutaric acids investigated by 
Deshapande and Thorpe (T., 1922, 121, 1430) and Bains and Thorpe 
(this vol., p. 1206). 

In the former case, ring-chain tautomerism occurs between the 
hydroxy-lactonic acid and the keto-acid, and is of the “ direct” 
type involving the opening and the closing of a five-membered ring 
(II == Il). 

In the latter instance, tautomerism occurs between the hydroxy- 
ring form (I) and the keto-form (I), but is probably due (Lanfear 
and Thorpe, this vol., p. 1683) to the intermediate formation of a 
bridged five-membered ring (VI). 


(OH)-CO,H <9(CO,H):0 
I.) R R, VI. 
ap <tr on FP —— tom, 
I 
CO-CO,H C(CO,H):0 
rH.) BR 
al <c.. CO oH ROC) :C(OH), 


If it could be shown (as indeed is the case in this paper) that in 
Balbiano’s acid there is no tautomerism between the keto- and the 
hydroxy-ring form, it would follow that the entrance of a methyl 
group on the «-carbon atom profoundly affects the tautomerism to 
which the complex is liable, giving in fact a preference to ring-chain 
tautomerism between an open-chain (II) and its five-membered 
ring isomeride (III) instead of between a three-membered ring (I) 
and its bridged five-membered prototype (VI). 

It is too early yet to suggest any reason why this should be 
so, and more evidence must be obtained by a study of other «-sub- 
stituted glutaric acids before the true cause can be discovered. 
It must be remembered, however, that the conditions in the two 
series are widely different. For, whereas the determining cause in 
the gem-series is undoubtedly the alteration in the tetrahedral 
angle, the entrance of an alkyl group in the «a-carbon atom intro- 
duces conditions which must completely alter the tendency towards 
tautomerism, because, in order to bring about hydroxy-ring-keto- 
acid change, the hydrogen atom has, in this case, to pass to a 
carbon atom already bearing an alkyl group. 

Meanwhile, it seemed desirable to ascertain whether the prefer- 
ence for open-chain-—tive-ring tautomerism in an acid of Balbiano’s 
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type showed itself in any of the simpler derivatives of analogous 
composition, such as, for example, «$$-trimethylglutaric acid 
itself. It is evident (compare T., 1921, 119, 308) that the deflec- 
tion of the tetrahedral angle in the gem-series of substituted glutaric 
acids increases the tendency to anhydride formation and the 
stability of the anhydride thus produced. If then there is open- 
chain—five-ring tautomerism in the «$f-series, it is to be expected 
that there might be tautomerism between the forms 

(VIL) Me.C<GHCO,H — MesC<GH C(O), (VIIL) 
in which the six-membered ring is involved. 

The experiments in this direction are not conclusive, but there 
is a marked tendency for the anhydride of «$$-trimethylglutaric 
acid to combine with water to form a compound, rather difficult 
to isolate, which is not the acid. There can be little doubt that 
this “‘ hydrated’ anhydride is the individual (VIII), although the 
acid (VII) and the hydrated anhydride (VIII) do not appear to be 
tautomeric. 

The experimental evidence regarding Balbiano’s acid brought 
forward by Kon, Stevenson, and Thorpe (loc. cit.) was obtained 
from a study of Balbiano’s acid itself, which had been prepared 
by the slow oxidation of camphoric acid, according to the method 
adopted by Balbiano and by Mahla and Tiemann (loc. cit.). The 
present work deals with derivatives of «$8-trimethylglutaric acid 
(VII), which has been prepared synthetically for this purpose. 

Balbiano was the first to obtain the acid (VII), by reducing the 
acid C,H,,0,; (the chief oxidation product of camphoric acid) by 
hydrogen iodide and red phosphorus (Ber., 1894, 27, 2136), as 
well as, later on, by the further reduction of the lactonic acid, 
CsH,,.0, (XIV), which was itself another reduction product of the 
compound C,H,,0; (Rend. Accad. Lincei, 1899, [v], 8, 422). Amore 
suitable method was then made available by Perkin and Thorpe 
(T., 1899, 75, 61), who synthesised it and established its consti- 
tution. This was followed by another synthesis by Crossley (T., 
1901, 79, 141), which, when this work was taken up, was certainly 
the best method available. About 500 grams of «f8-trimethyl- 
glutaric acid were prepared by this method, which was followed, 
with a few modifications described in the experimental portion. 

A shorter and easier method was subsequently discovered by 
Kon and Thorpe (T., 1922, 124, 1795). Guareschi’s imide, a«’-di- 
cyano-8$-dimethylglutarimide (IX), was methylated to give the 
imide (X) and this, on hydrolysis with strong sulphuric acid, passed 
into «86-trimethylglutaric acid (VII) : 

5u*2 
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MesC<OH CN CONE > MesC<CHCN)_CO>NMe > 


(TX.) (X.) 
CHMe-CO,H 
Me,C<cH.-CO,H (VIL) 
This method had the additional advantage that the costly methyl 
iodide, necessary in Crossley’s process, could be replaced by the 
cheaper methyl sulphate. When used on the large scale, however, 
this reagent proved to be uncertain in its action and, ultimately, 
methyl p-toluenesulphonate was used with good results; the yield 
of methylated imide obtained in this way was equal to the best 
reached by means of methyl sulphate. 

The mono-bromination of the acid proceeds normally, although, 
when the product is esterified with ethyl alcohol, there is always 
an appreciable portion, from 20 to 49 per cent., of acid fraction. 
This acid fraction invariably contains, together with the liquid 
acid esters, a quantity of solid crystalline matter which does not 
contain bromine, and is evidently produced by the hydrolysis of a 
mono-halogen derivative; it consists of the lactone of «’-hydroxy- 
«§8-trimethylglutaric acid (XI) and is identical with the lactonic 
acid obtained by Balbiano by reduction of the acid C,H,,0;, and 
named by him yyé-trimethylpentane-fe-olidoic acid (Ber., 1894, 
27, 2136). The formation of this lactonic acid in the manner 
described has also been noted by Balbiano (Rend. Accad. Lincei, 
1899, [v], 8, 422), who, by heating «$8-trimethylglutaric anhydride 
(from camphor) with bromine, obtained bromotrimethylglutaric 
anhydride, and, after esterifying the bromo-derivative with absolute 
alcohol, found the lactonic acid (XI) in the alkaline extract. 

After removal of the crystals of this lactonic acid by filtration, 
a syrup is left, the composition of which corresponds with that of 
the pure monobromo-acid ester. It appears to be a mixture of 
the acid esters of the two isomeric monobromo-acids (XII and 
XIII), because, by the action of alkalis, it yields a mixture of two 


CHMe——CO CHMe:CO,Et CBrMe-CO,H 
MesC< (C0, H)-0 5 MesC< crrBr-CO,Rt MesC< Cor -CO,H 
(XL) (XIL) (XIIL) 
lactonic acids, C,H,,.0,, one of which is Balbiano’s lactonic acid 
(XI) and the other, obtained in smaller proportion, Blanc’s isomeric 
acid (XIV). The latter is the lactone of «-hydroxy-«88-trimethyl- 
glutaric acid, whilst the former (XT) is the lactone of the correspond- 
ing «’-hydroxy-acid. 
The acid (XIV) is identical with the @fy-trimethylpentan-fe- 
olidoic acid of Blanc, who obtained it from 88-dimethyl-levulic 


a) 
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acid in his unsuccessful attempt at a new synthesis of «86-trimethyl- 
glutaric acid (Bull. Soc. chim., 1901, [iii], 25, 68). It may be noted 
that Balbiano afterwards found that this lactonic acid (XIV) was 
also a reduction product of the acid C,H,,0;, and, in fact, was 
formed from it simultaneously with the isomeric lactone (XI) 
(Gazzetta, 1902, 32, i, 485). 

Similarly, the neutral product of monobromination is a mixture 
of the two monobromo-esters (XV) and (XVI), because it gives a 
mixture of the same lactones (XI) and (XIV) on hydrolysis with 


alkalis. 


Wr CMe(COH)O yp, ee CHMeCO,Et 44, .~CBrMe-CO,Et 
re —— 6o 7? SCHBr-CO, Ft "3 < cH, -CO. Rt 
(XIV.) (XV.) (XVI) 


Dibromination leads to the formation of the dibromo-ester 
(XVII), the acid fraction, which is always considerable, consisting 
of the monobromo-acid ester together with a certain quantity of 
Balbiano’s lactone (XI), which soon separates out in a crystalline 
form. The dibromo-ethyl ester cannot be purified, as on distillation 
under reduced pressure it passes into the lactonic ester (X VITT).* 


CMeBr-CO,Et 
(XVIL.) Me,C 2 
) MesC< crBr-CO,Et 
,.~-CBrMe—-—-CO .~ CMe(CO,Et)-O 
Me,C * Me,C< - a XVITI. 
fesS on 00,8)-0  M*°ScHpr——to “"™ 


By pouring the dibromination product into anhydrous formic 
acid, two dibromo-acids were obtained which must be related as 
cis- and trans-forms (XTX and XX) : 


Me Me 

renee n: ,C*O-Br 

poe yen 2 2” *CBr,*CO,H 
Br-¢-CO,H BrO-CO,H (XXTI.) 

H H 

(XIX.) (XX.) 


The number of possible bromolactonic acids derived from these 
two acids, as well as from the third, unsymmetrical dibromo-acid 
(X XI), supposing it to be formed, would be six, of which two were 
isolated in a state of purity. 

There are also, of course, six possible hydroxy-lactones, and 
only one of these would be the hydroxy-lactone (IIT) which is one 


* It has not yet been possible to decide between the two alternative 
formule. 


2858 PANDYA AND THORPE: RING-CHAIN TAUTOMERISM. PART VII. 


of the tautomeric individuals of Balbiano’s acid. Unfortunately, 
it has not been found possible to isolate this lactone, mainly because 
all the dibromo-derivatives of «$8-trimethylglutaric acid, when 
treated with alkaline hydroxides, undergo hydrolytic fission and 
partial oxidation with extraordinary readiness, the products being 
#f8-trimethylacrylic and oxalic acids : 


CO,H 


Me,C<CMeBrCOsH _ Me,C:CMe-CO,H + oe 


CHBr-CO,H 
(XXIL) 


This was also Balbiano’s experience with his bromolactonic 
acid, although he did not recognise the trimethylacrylic acid formed 
(loc. cit.). 

A hydroxy-lactonic acid is actually obtained by the action of 
sodium carbonate on the dibromo-ester or acid, or the bromo- 
lactonic acid, but it is a very stable substance of high melting 
point (217-5—218°) and has, up to the present, withstood every 
attempt to convert it into the lower-melting isomeride. 

The hydrolysis with sodium carbonate invariably yields, in 
addition to this lactonic acid, another substance, Me co.HyO. 
(XXIII), which is the lactone of the hydroxy-ring acid (I). 

This must be the lactone of the trans-modification, and therefore 
of the acid which would be tautomeric with Balbiano’s acid. That 
this trans-form does not actually pass into Balbiano’s acid by the 
non-reversible process discussed on p. 2854 must be due to the fact 
that the dihydroxy- and hydroxy-ring acids produced from” cam- 
phoric acid, which could do so, would necessarily be cis-forms 
(V — I). 

The lactone of the trans-form (XXIIT) which we have obtained 
evidently does not pass into Balbiano’s acid, because it does not 
give the characteristic condensation product with o-phenylene- 
diamine and is recovered unchanged after boiling with a variety 
of reagents such as water, barium hydroxide, 10 per cent. sodium 
hydroxide, 64 per cent. potassium hydroxide, and dilute or concen- 
trated hydrochloric acid. 

Thus it is clear that the hydroxy-ring acid cannot be tautomeric 
with the keto-acid and the hydroxylactonic acid in the compound 
known as Balbiano’s acid. 


EXPERIMENTAL. 
Preparation of «88-Trimethylglutaric Acid. 


1. Crossley’s Method.—Crossley’s instructions (loc. cit.) were 
followed, but larger quantities of material were employed; this 


"ic 
id 


re 


is 


THE «88-TRISUBSTITUTED GLUTARIC ACID TYPE. 2859 


necessitated heating the mixture of mesityl oxide and ethyl sodio- 
methylmalonate for sixteen hours instead of ten. We also find that 
it is advantageous to use 10 per cent. more hypobromite solution 
than is recommended by Crossley, to avoid the formation of bromin- 
ated by-products during the oxidation of the dihydroresorcinol 
derivative to «$8-trimethylglutaric acid. 

2. Modification of Kon and Thorpe’s Method.—The imide (IX) 
was prepared by the usual method (Kon, T., 1921, 119, 818). The 
methylation of the imide by means of methyl! sulphate in presence 
of sodium methoxide did not always lead to good results when 
used on a large scale, and for this reason methyl] p-toluenesulphonate 
was the methylating agent adopted. 

To a solution of 35 grams of sodium in 500 c.c. of methyl alcohol, 
96 grams of imide (IX) in 550 c.c. of hot methyl alcohol were added 
and the red solution was warmed for half an hour; 280 grams of 
methyl -toluenesulphonate were then gradually added with 
vigorous shaking. Much heat was evolved and crystals began to 
separate. The reaction was completed by heating the mixture 
under reflux for one to one and a half hours, when it became neutral 
or faintly acid. Most of the alcohol was then evaporated off and 
water was added to the residue. The methylated imide gradually 
separated and the precipitation was completed by the addition of 
hydrochloric acid; the solid was collected after a few hours and 
found to be identical with that obtained by Kon and Thorpe (loc. 
cit.); it melted at 143—144° after purification. The mother- 
liquor deposited more of the same substance on standing; on 
evaporation, sodium p-toluenesulphonate was recovered and 
identified by converting it into the corresponding acid chloride 
(m. p. 69°) and the methyl ester (m. p. 28°; Ullmann and Wenner, 
Annalen, 1903, 327, 120). 

When hydrolysed by means of sulphuric acid in the usual way, 
the methylated imide gave a good yield (about 80 per cent.) of 
«88-trimethylglutaric acid. 


Bromination of «88-T' rimethylglutaric Acid. 


The bromination of trimethylglutaric acid was carried out in 
the manner described in previous communications (compare this 
vol., p. 113). The products of mono- as well as di-bromination 
were treated either with absolute alcohol to obtain the corre- 
sponding esters, or with anhydrous formic acid to prepare the 
bromo-acids. The acid esters obtained in the first case were 
separated from the neutral bromination products by means of 
2N-aqueous sodium carbonate. 

It was observed that when phosphorus pentachloride was used 
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in the preparation of trimethylglutaryi chloride the bromination 
products were but faintly coloured and clean, but an appreciable 
amount of triethyl phosphate was always produced, so that the 
yield of bromo-esters apparently exceeded the theoretical. The 
use of thionyl chloride did not present this disadvantage, although 
the rate of absorption of bromine was considerably slower and the 
products were somewhat coloured. 

Monobromination.—2-1 Atoms of bromine were used for 1 mole. 
cule of acid chloride, the temperature being maintained at about 
60° during the reaction ; the crude bromo-acid chloride was poured 
into ethyl alcohol. The neutral bromination product constituted 
from 50 to 70 per cent. of the total yield. An estimation of the 
bromine content showed a deficit of about 5 per cent. of bromine 
in the crude substance, which was due to the presence of ethyl 
trimethylglutarate (see p. 2863); it was not found possible to 
purify it further, as it decomposed when distilled under reduced 
pressure, and it was therefore used as such for further experiments, 
The reactions of the substance showed that it was composed of 
a mixture of «- and «’-monobromo-esters (XV and XVI). 

The acid bromination product also showed a low bromine con- 
tent (Found : Br = 23-96 per cent.), but on keeping in an evacuated 
desiccator it slowly deposited crystals of the bromine-free lactone 
(XT) (see p. 2856). After these had been removed, the residual oil 
was analysed again and gave figures in good agreement with those 
required for the acid monobromo-ester (Found: Br = 27-96. 
C,)H,,0,Br requires Br = 28-47 per cent.); it has already been 
mentioned that the substance was doubtless a mixture of «- and 
«’-bromo-acid esters. 

Dibromination.—In the preparation of dibromo-derivatives 4:5 
to 5 atoms of bromine were used for every molecule of acid chloride, 
the addition of bromine being made in four stages; the reaction 
mixture was maintained at 80—100° towards the end of the 
reaction. 

The crude neutral dibromo-ester, which constituted 60—80 per 
cent. of the reaction product, was analysed after keeping in an 
evacuated desiccator for some time, but the bromine content was 
always 5 to 7 per cent. too low. On distillation under reduced 
pressure, it gave a small fraction boiling at 160°/25 mm., a large 
fraction boiling at 190°/25 mm., and a smaller high fraction, b. p. 
196—200°/25 mm. 

The acid dibromination product -was found to be identical in 
every respect with that obtained in the monobromination of tri- 
methylglutaric acid; it deposited crystals of the lactonic acid 
(XI) on keeping, whilst the residual oil consisted of a mixture of 


C Vit, 


ation 
lable 
t the 

The 
ough 
1 the 


nole- 
bout 
ured 
uted 
the 
mine 
thy! 
e to 
uced 
ents. 
d of 


con- 
ated 
tone 
il oil 
hose 
1-96. 
been 
and 


4:5 
ride, 
tion 

the 


per 
. an 
was 
iced 
arge 
). p. 


1 in 

tri- 
acid 
e of 


THE a®8-TRISUBSTITUTED GLUTARIC ACID TYPE. 2861 


the two monobromo-acid esters, as shown by the products obtained 
on alkaline hydrolysis. 

Lactone of Ethyl «(or «’)-Bromo-«’ (or «)-hydroxy-«B8-trimethyl- 
glutarate (XVIII).—The bromine content of the fraction of the 
neutral dibromination product boiling at 190°/25 mm. showed 
that the substance must be the bromolactone formed by elimination 
of ethyl bromide from the original dibromo-ester (Found: Br = 
28-85. CyoH,,0,Br, requires Br = 41-23 per cent. C,)H,,0,Br 
requires Br == 28-67 per cent.). 

cis- and trans-ay-Dibromo-«88-trimethylglutaric Acids.—When the 
crude dibrominated acid chloride (see p. 2860) was poured into 
formic acid and the solution allowed to evaporate, crystals separ- 
ated in several successive crops; these were collected and freed 
from oil by pressing on porous tiles and washing with cold benzene. 
The solid was twice extracted with boiling dry chloroform, when 
the greater part passed into solution. The insoluble residue was 
recrystallised three times from a mixture of chloroform and acetone. 
In this way crystals melting and decomposing at 196—197° were 
obtained (Found: Br = 51-08; equiv. = 152-5. C,H,,0,Br, re- 
quires Br = 48-19 per cent.; equiv. [dibasic] = 166). In spite 
of repeated purification, the bromine content was always found to 
be too high. This acid constitutes only about 5 per cent. of the 
total crystalline material isolated; by analogy with the other 
dibromo-acids of the glutaric series, this acid is assumed to be the 
trans-modification. 

The chloroform solution obtained above deposited a crop of 
crystals on cooling and these were found to consist of both cis- 
and trans-acids in addition to the bromolactonic acids. The 
small quantity of trans-acid was removed owing to its sparing 
solubility in hot chloroform and the remaining acid purified by 
repeated treatment with cold benzene and cold chloroform, then 
crystallised alternately from these solvents. The acid so obtained 
separated from a large quantity of hot benzene in lustrous leaflets, 
m. p. 158—159° (decomp.) (Found: Br = 50-76; equiv. = 159°3), 
and evidently represented the cis-modification of the same acid. 

Lactones of Bromohydroxytrimethylglutaric Acids.—The chloro- 
form mother-liquors from which the preceding cis- and trans- 
dibromo-acids had been separated were mixed with light petroleum 
and allowed to stand, when a considerable amount of solid material 
was gradually precipitated. This was subjected to a long and 
tedious process of fractional crystallisation, but only a small 
quantity of pure substance could be isolated owing to the similar 
solubilities of the constituents of the mixture in various solvents. 
Eventually a compound was isolated which melted at 155° and 
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did not change its melting point on crystallisation from hot water, 
benzene, or chloroform and petroleum. It appears to be a bromo. 
lactonic acid (Found: Br = 32-92; equiv. = 245-6. C,H,,0,Br 
requires Br = 31-87 per cent.; equiv. [monobasic] = 251). 

This substance was also obtained when crude dibromotrimethy]- 
glutaryl chloride was treated with 80 per cent. formic acid instead 
of the anhydrous reagent; no dibromo-acids were isolated, but 
another isomeric bromolactonic acid, soluble in cold benzene, was 
present in small amount. It melted sharply at 132° (Found: 
Br = 32-01 per cent.). 

Lactone of «'-Hydroxy-«8-trimethylglutaric Acid.—As already 
stated, the crude monobromo-acid ester which is obtained in 
the mono- or di-bromination of trimethylglutaryl chloride deposits 
crystals of a bromine-free product. These crystals were purified 
by pressing on porous porcelain and washing with cold benzene, 
in which they were sparingly soluble; they dissolved readily in 
hot benzene, ethyl acetate, alcohol, or ether; after repeated 
crystallisation from benzene, the compound melted constantly at 
165-5—166°. It was evidently identical with the lactonic acid 
prepared by Balbiano by the reduction of the acid CgH,,0; (loc. 
cit.); and by Chandrasena, Ingold, and Thorpe (T., 1922, 121, 
1550) by the oxidation of «-campholytic acid; its identity with 
the latter was confirmed by a mixed melting-point determination 
(Found: C = 55-62; H = 6-64; Ag in silver salt = 39-7; equiv., 
by titration with Ba(OH), = 173-2. Cale., C= 558; H=6-9; 
Ag = 38-7 per cent.; equiv. [monobasic] = 172). 

Action of Dilute Sodiwm Carbonate Solution on ihe Monobromo- 
acid Ester —The monobromo-acid ester (20 grams), freed from the 
solid lactone melting at 165-5—166°, was dissolved in 2.V-sodium 
carbonate solution and boiled until a test-portion no longer gave 
a turbidity on acidification, care being taken that an excess of 
alkali was present throughout. The solution was cooled, acidified, 
and repeatedly extracted with ether; the ethereal solution on 
drying and distillation yielded 11 grams of a brown syrup. An 
additional amount of syrup (about 4 grams) was obtained by 
evaporating the aqueous solution to dryness with hydrochloric 
acid and extracting the solid residue with ether. The syrup 
crystallised and the solid, freed from oil by draining on porous 
porcelain, was subjected to crystallisation from hot benzene, when 
it was noticed that a small amount remained undissolved. This 
residue was repeatedly boiled with benzene and finally crystallised 
from dry ether, from which it separated in small, transparent, 
prismatic needles melting at 163—164°. It was not identical with 
Balbiano’s Jactonic acid, because a mixture of the two melted at 
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about 125°, but was doubtless Blanc’s lactonic acid (XIV) [Found : 
(= 55-4; H = 6-7 per cent.; equiv., by titration with Ba(OH),, 
172-2; after boiling with excess of Ba(OH),, equiv. = 85-8]. The 
crystalline material which remained after the separation of the 
lactonic acid melted indefinitely at 115—138°; titration with 
barium hydroxide showed that it was probably a mixture of the 
lactonic acids, m. p.’s 163—164° and 165:-5—166°. 

Action of Concentrated Alkalis on the Monobromination Products. 
—Twenty grams of the acid ester were poured in a thin stream 
into a boiling solution of 60 grams of potassium hydroxide in 
50 c.c. of water; the mixture was allowed to boil a few minutes 
longer, cooled, diluted, strongly acidified, and extracted with 
ether. ‘The dried ethereal solution gave, on evaporation, 12 grams 
of a Syrup which soon solidified; the solid was drained on porous 
porcelain, yielding 6 grams of a white solid, which was purified by 
crystallisation from benzene and found to consist of Balbiano’s 
lactonic acid (XI) melting at 165-5—166°. The same substance, 
mixed with some of the isomeride melting at 163—164° (XIV), 
was also produced when a stronger alkali (70 grams of potassium 
hydroxide in 40 c.c. of water) was used to hydrolyse the acid or 
neutral monobromo-esters; in the latter case, a small amount of 
“68-trimethylglutaric acid was also found, which was doubtless 
due to the presence of unbrominated ester in the monobromo-ester 
used. 

Action of 2N-Sodium Carbonate on the Dibromination Products. 
—Forty grams of the neutral dibromo-ester were boiled with 
250 c.c. of 2N-aqueous sodium carbonate for twenty-four hours. 
After a small amount of unchanged ester had been removed by 
means of ether, the liquid was strongly acidified and extracted six 
times with an equal volume of ether; the aqueous solution was 
evaporated to dryness, the residue treated with hydrochloric acid, 
and the solution evaporated to dryness; finally the residue was 
thoroughly dried and extracted with ether and with acetone. These 
latter extracts, however, contained very little organic matter, but 
the first ethereal extract gave, on drying and evaporating, a con- 
siderable amount of syrup which partly solidified on keeping for 
some time. The solid which had crystallised out was drained on 
porous porcelain and separated, by repeated crystallisation from 
hot benzene and hot chloroform alternately, into two acids. The 
less soluble was finally obtained pure by crystallisation from 
benzene and acetone, from which it separated in needles melting at 
217-5—218°; it could also be recrystallised from dry ether and 
benzene, dry ether and chloroform, or acetone and chloroform. 
The acid did not give a silver salt, but behaved on titration as a 
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monobasic acid even on boiling with excess of N /25-barium hydr. 
oxide; on heating with stronger alkali (N/10), however, the lactone 
ring was broken (Found: C = 50-47; H=6-2; equiv. 187-5 
and 96-1. A lactonic acid C,H,.0, requires C = 51:0; H=65 
per cent.; equiv. 188 and 94). 

The more soluble acid separated from benzene in prismatic 
needles and melted at 136-5—137°. It was the lactone of trans. 
1 : 3: 3-trimethylcyclopropan-2-ol-1 : 2-dicarboxylic acid (XXIII) 
(Found : C = 56-06; H = 5-98; equiv. 171-1 and 84-9. A lactonic 
acid C,H,,0, requires C = 56-47; H = 5-88 per cent.; equiv. 
170 and 85). The substance is soluble in water and effervesces 
with sodium hydrogen carbonate, but does not give a silver salt 
under the usual experimental conditions. 

The syrup accompanying the above compounds was recovered 
from the porous plates used in their purification, but no individual 
substance could be isolated from it. 

The same two lactonic acids were obtained when ecither cis. 


a«’-dibromo-«88-trimethylglutaric acid or the bromolactonic acid | 


(p. 2862), m. p. 155°, was boiled with 2N-sodium carbonate for 
two hours. They were separated by rubbing with a mixture of 
benzene and dry ether (6:1), in which the lactonic acid melting 
at 217-5—218° is sparingly soluble. 

Action of Concentrated Alkalis on the Dibromination Products. 
—Thirty grams of neutral dibromo-ester were slowly poured into 
a boiling solution of potassium hydroxide (105 grams) in water 
(60 c.c.). The reaction mixture was cooled and a small amount 
of unchanged ester removed by means of ether. The solution on 
acidification deposited 1-5 grams of an‘acid crystallising in long 
needles; the mother-liquor was extracted with ether and the 
extract dried and evaporated, yielding about 12 grams of a brown 
syrup. 

The solid after two crystallisations from warm water melted at 
70-5—71° and proved to be «§-trimethylacrylic acid (Perkin, 
T., 1896, 69, 1480) (Found: C = 62:77; H= 8-56. Cale., C= 
63-15; H = 8-77 per cent.). More of this acid could be obtained 
from the syrupy portion of the reaction mixture, which, in addition, 
contained considerable quantities of oxalic acid, identified in the 
usual manner. No trace of Balbiano’s acid could be discovered in 
any portion of the reaction product, although a careful search was 
made. 

The same two products were obtained when the dibromo-ester 
was hydrolysed by means of 56, 15, or even 10 per cent. potassium 
hydroxide, also when either the bromolactonic acid or the bromo- 
lactonic ester (X VIII) was subjected to the action of this reagent. 
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Experiments with the Lactonic Acids C,H,,O, and 
C,H,,0;. 

1. Acid CgH,,0,.—The acid was warmed in acetic acid solution 
with an excess of o-phenylenediamine in the hope of obtaining the 
ophenylenediamine derivative of Balbiano’s acid (see Part I, loc. 
rit.). No precipitate was formed. 

Boiling with water for three hours, with an equivalent of barium 
hydroxide, or an excess of 10 per cent. sodium hydroxide or 64 per 
cent. potassium hydroxide, produced no change ; heating in a sealed 
tube with 10 per cent. hydrochloric acid and boiling with the 


ae concentrated reagent were equally unsuccessful, whilst boiling with 
48 per cent. hydrobromic acid produced partial resinification, but 
vered i 20 trace of Balbiano’s acid could be isolated from the product by 
idual q B22S of o-phenylenediamine. 
2. Acid C,H,,0;.—The same tests were applied to the lactonic 
ite acid melting at 217-5—218° without success. 
acid ; ; 
» for Y Our thanks are due to the Chemical Society for a grant which 
e of 4 14 partly defrayed the cost of this investigation. 
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ount § (CCX XXIV.—Ring-chain Tautomerism. Part VIII. 
“o The Effect of the cycloHexane Nucleus on the 


_ Carbon Tetrahedral Angle. 
‘own By Eric Wittiam Lanrear and JocELyN FIELD THORPE. 


EvIDENCE has been given in the previous parts of this series which 
d at FT shows that two isomeric substances of types (I) and (II) may be 
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was § tautomeric when conditions are present which cause the carbon 
atoms (a) and (b) to be sufficiently close together. The distance 
ster | apart of these two carbon atoms is, according to our general hypo- 
ium § thesis, determined by the value of the carbon tetrahedral angle (x), 
mo- § Which is controlled by the size of the corresponding angle (y), the 
ent, | Value of the angle (y) being dependent on either the molecular 
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volumes of the groups represented by RR, or by the fixation of 
the value of (y) by the inclusion of the groups RR in a ring complex, 
the carbon-to-carbon angles of which are known. It follows, there. 
fore, that if the conditions present do not cause the carbon atoms 
(a) and (b) to be sufficiently close together to render the two 
compounds (I) and (II) tautomeric, they must be either (1) so 
far apart that ring closure does not occur in compound (I) under 
the experimental conditions which lead to the formation of the 
equilibrium mixture of (I) and (II) when the two compounds are 
tautomeric, or (2) they must be so close together that the ring 
form (II) does not undergo fission under the same experimental 


conditions. The following table shows the series which have been | 


investigated up to the present and gives the equilibrium mixtures 
which are attained in aqueous potash at 145° : 


Calculated angle. Equilibrium. 
R Keto acid Hydroxy-ring acid 
RR’. Roe. per cent. 4 ear cua 
2 EAVAPOGENS — ...0s.0000008 115°5° 100 0 
Z Meth ys ..0000.-.neccceeres 109°5 100 0 
cycloPentane ............ 109°4 100 0 
Methylethy]l............... 109°5—a 100 0 
ae 109°5—y 38 62 
po 6 Ce 109°5—z 29 71 
cycloHexane ............ 107-2 0 100 


In other words, it has now been experimentally verified that the 
keto-acids belonging to the first four series given in the above 
table are stable towards strong aqueous potash, that the keto-acids 
and the hydroxy-ring acids in the diethyl and di-n-propyl series 
are tautomeric under these conditions and that, in the cyclohexane 
series, the hydroxy-ring acid is stable to strong potash. It only 
remains, therefore, to show that in the first four series given in the 
table the hydroxy-ring acids are unstable and that in the cyclo- 
hexane series the keto-acid is unstable in order completely to 
establish the truth of our hypothesis. 

The evidence that the hydroxy-ring form is unstable in the first 
three series is quite definite and convincing. The compounds are 
not formed in any of the reactions which lead to the formation of 
the homologue in the cyclohexane series, such as, for example, 
the action of aqueous potash on the dibromo-ester (IIT). More- 
over, any attempts made to hydrolyse the methoxy-derivatives (IV) 
either in the cis- or the trans-forms yield only the keto-acid. It is 
evident, therefore, that as soon as the necessary mobile hydrogen 
atom is introduced the ring breaks and the keto-acid is formed. 
It follows also that the formation of the methoxy-derivatives in 
these series must have taken place through the bromo-ring com- 
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pound (V), a reaction course which is probably pursued to some 
extent in every case, 


RoC< Br-CO,H 


RA, .~ CHBr-CO, Et 
IIL. C 2 V. 
m) 7 Scrpr-co,et R7° Sco, 
By, cc C(OMe)CO,H ay, 
R?o<Gx-co,n OY 


It is only in the cyclopentane series that it was found possible to 
isolate a hydroxy-ring acid (this vol., p. 1683), but unlike the 
stable hydroxy-ring acid of the cyclohexane series and those of the 
diethyl and di-n-propyl series, which are tautomeric, this hydroxy- 
ring acid was a cis-form, readily giving an anhydride. The cis-hydr- 
oxy-ring acid was stable to strong aqueous potash, but when treated 
with hydrobromic acid it passed into the keto-acid. It was there- 
fore clear that the change from the hydroxy-form to the keto-form 
took place only through the trans-modification of the hydroxy-ring 
acid, and on this account we suggested a mechanism which explained 
the manner in which the hydrogen atom passed from one carbon 
atom to the other (loc. cit., p. 1686). It is, however, the absence 
of the trans-modifications in these series which indicates that it 
is this form which is unstable and that it is the one through which 
the keto-cyclol change takes place. It does not, of course, follow 
that, because the cis-hydroxy-ring acid yields the keto-acid when 
it is treated with hydrobromic acid, the conversion is preceded by 
a change from the cis- to the trans-configuration. It is evident 
that the transformation may have taken place through the addition 
and elimination of hydrogen bromide thus : 


Bec Gi OH)-CO,H +1 R>o <CBr(OH)-CO,H __, 


CH-CO,H CH,:CO,H —uBr 
R Ro <C0-CO,H 


CH,*CO,H’ 


Indeed, the experiments described in this paper show that this is, 
in all probability, one of the courses which the reaction follows. 
Having, therefore, proved conclusively that the hydroxy-ring form 
is unstable in the first four series enumerated in the table, it became 
necessary to settle the final point, namely, whether the keto-acid 
is unstable in the cyclohexane series. 

In the first place it is significant that no trace of this acid was 
found by Beesley, Ingold, ond Thorpe (T'., 1915, 107, 1080) in their 
experiments on the action of aqueous potash on the dibromo- 
ester (III) in the cyclohexane series, although it was obtained in 
small amount some years later by an indirect method (Ingold, 
Seeley, and Thorpe, this vol., p. 867). This method is, however, 
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too costly and difficult for practical purposes and therefore we 
decided to repeat the work of Beesley, Ingold, and Thorpe in order 
carefully to study the reaction in the light of experience which 
had been gained during the past eight years. When this was done, 
it was found possible to isolate both the cis- and the trans-form of 
the hydroxy-ring acid (VI) and to find that, whereas both forms 
were stable to strong aqueous potash as we anticipated they would 
be, yet both could be split by strong hydrobromic acid. In this 
way, the cis-form is completely transformed into the keto-acid, 
whilst the trans-modification yields under the same conditions a 
mixture of the keto-acid and the bromolactone. It is evident 
that the scheme representing these changes can be expressed as 
follows : 


OH 
i} 
*CO,H ‘ _-CBr(OH):CO,H  _ 
C.H 2 + HBr \ | HBr 
, 0>C<r-c0,H pai CsHio>C< ous .CO,H > 
(VIL.) (cis-) 
¢O,H 
CO-CO,H —HBr \ H CBr-OH 
CsHi>CS on 0,8 peng Cs 10> CS Cry .CO,H 
(IX.) BF 
¢0,H 0,H 
'OH 4. HBr H:OH — H,0 
CsHe>C< 00,1 aed CHa >C< orp CO,H maaettes 


(VI.) (trans-) 


.~CH(CO H)- 
C.H 2 (VIII.) 
Hw >CS cB ——60 
In this way, it is possible to prepare the keto-acid in considerable 
quantity. The keto-acid is completely converted into the hydroxy- 
ring acid when heated at 140° with aqueous caustic potash. 


EXPERIMENTAL. 


Hydrolysis of Ethyl ««’'-Dibromocyclohexane-1 : 1-diacetate: cis- 
and trans-cycloHexanespiro-1-hydroxycyclopropane-1 : 2-dicarboxylic 
Acids (VII and VI).—Ten grams of the dibromo-ester, prepared as 
described previously (Beesley, Ingold, and Thorpe, loc. cit., p. 1093), 
were added as quickly as was consistent with safety to 60 c.c. of 
boiling 6N-methyl-alcoholic potassium hydroxide, and the boiling 
was continued for twenty minutes. The alcohol was then evaporated 
off entirely, and the filtered aqueous solution was acidified with 
hydrochloric acid and extracted eight times with its own volume 
of ether. On evaporating the ethereal solution, a gummy residue 
consisting of a mixture of the cts- and trans-acids remained. This 
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was triturated with dry ether, in which the trans-acid is insoluble, 
and filtered. The insoluble portion was recrystallised from undried 
ether, from which it separated in small crystals melting at 217°. 
Its identity was proved by comparing it with a specimen prepared 
from the bromolactone (Beesley, Ingold, and Thorpe, loc. cit.). 
Yield 3 grams (Found: C= 55:8; H=6-7. Cale., C = 561; 
H = 6-6 per cent.). 

The disilver salt was prepared from silver nitrate and the am- 
monium salt in aqueous solution (Found: Ag = 50-3. C,9H,,0;Ag, 
requires Ag = 50-5 per cent.). 

The filtrate from the trans-acid was evaporated to dryness and 
the residue recrystallised from a mixture of ether and light petroleum, 
the cis-acid separating in small plates melting at 163°. Yield 
2 grams (Found: C= 563; H=6-7. Cale., C=561; H= 
6-6 per cent.). . 

The disilver salt was prepared from silver nitrate and the am- 
monium salt in aqueous solution (Found: Ag = 50-2. C,)H,,0;Ag, 
requires Ag = 50-5 per cent.). 

Anhydride of cis-cycloHexanespiro-1-hydroxycyclopropane-1 : 2- 
dicarboxylic Acid.—The cis-hydroxy-ring acid (1 gram) was warmed 
with acetyl chloride (5 grams) for two hours and the excess of acetyl 
chloride evaporated. The viscous residue was left in an evacuated 
desiccator over potassium hydroxide, and solidified after a week. 
It was recrystallised from ether, from which it separated in long 
prisms melting at 102°. On treatment with dilute alkali and 
subsequent acidification, it yielded the original cis-hydroxy-ring 
acid. Yield 0-7 gram (Found: C= 61:3; H=6-4. Cj, 9H,,0, 
requires C = 61-3; H = 6-1 per cent.). 

a-Ketocyclohexane-1 : 1-diacetic acid (IX) was obtained by the 
action of boiling strong hydrobromic acid on either of the ring 
hydroxy-acids. 

A solution of 1 gram of the cis-hydroxy-ring acid in 10 c.c of 
hydrobromic acid (d 1-49) was boiled under a reflux condenser for 
two hours. On cooling, the solution was diluted to 20 c.c. and 
extracted ten times with its own volume of ether. The ethereal 
solution was evaporated and the viscous residue placed over 
potassium hydroxide in an evacuated desiccator. After ten days, 
it solidified and was recrystallised from a mixture of ether and 
light petroleum, crystals melting at 130° being obtained. Yield 
09 gram (Found: C=560; H=6-7. C,)H,,0O; requires 
C = 56-1; H = 6-6 per cent.). 

The quinoxaline derivative was prepared by heating the keto- 
acid and o-phenylenediamine in glacial acetic acid; on diluting 
the solution with water, the compound separated as a crystalline 
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precipitate melting with decomposition at 247° (Ingold, Seeley, 
and Thorpe, loc. cit., p. 867) (Found: N =9-7. Calc., N = 949 
per cent.). 

The keto-acid was also formed to the extent of about 40 per cent. 
when the trans-acid was heated with hydrobromic acid. 

A solution of 1 gram of the trans-hydroxy-ring acid in 10 c.c. of 
hydrobromic acid (d 1-49) was boiled for two hours under a reflux 
condenser. On cooling, crystals of the bromolactonic acid (VIII) 
separated and were filtered off. The filtrate was diluted and 
extracted ten times with its own volume of ether. The ethereal 
solution was evaporated and the gummy residue seeded with a 
crystal of the keto-acid, when it. solidified. It was recrystallised 
from a mixture of ether and light petroleum, yielding crystals 
(0-4 gram) melting at 130°. 

The bromolactonic acid was recrystallised from boiling water, 
needles melting at 161° separating on cooling. Yield 0-6 gram 
(Found: C=430; H=47; Br=286. Calc., C.= 433; 
H = 4-7; Br = 28-8 per cent.). 

The keto-acid was converted into the potassium salt of the 
trans-hydroxy-ring acid on boiling for half an hour with con- 
centrated aqueous potassium hydroxide (b. p. 140—145°) under a 
reflux condenser. 


The thanks of the authors are due to the Research Fund Com- 
mittee of the Chemical Society for a grant which has partly 
defrayed the expenses of this investigation. 


Tue ImperrAt CoLLeEGE OF SCIENCE AND TECHNOLOGY, 
South KENSINGTON. [Received, October 4th, 1923.] 


CCCXXXV.—The Preparation and Properties of 
Selenium Trioxide and Chloroselenic Acid. 


By Ricuarp Rogrert LE GeytT WorsLEY and HERBERT 
BRERETON BAKER. 


AutnoucsH selenic acid in the pure state has been known for 
nearly thirty-five years, its anhydride, selenium trioxide, has not 
previously been isolated. Attempts have been made at various 
times to prepare it from selenic acid by means of dehydrating 
agents, diminished pressure, and heat, but in every case the acid de- 
composed to the dioxide or was unaffected. Attempts to combine 
the dioxide with oxygen in presence of a catalyst also failed. 
Jannek and Meyer, having noticed that moist ozone attacked 


Seeley, 
pair 


T cent, 


C.c. of 
reflux 
(VIII) 
d and 
hereal 
vith a 
allised 
*ystals 


water, 
gram 
43:3; 


f the 
con- 
der a 


Com- 
vartly 


23.] 


pROPERTIES OF SELENIUM TRIOXIDE AND CHLOROSELENIO ACID. 2871 


glenium to form selenic acid, unsuccessfully attempted to form 
the trioxide by using dry ozone. 

It appeared possible that if a suitable solvent could be found 
for selenium or the dioxide, dry ozone might attack these sub- 
stances more readily when in solution than in the solid state. 
Selenium oxychloride, SeOCl,, was chosen, since it dissolves con- 
siderable quantities of both selenium and the dioxide, and was 
also found to be unaffected by ozone after sixty hours’ treatment. 
Accordingly about 200 c.c. of this substance were prepared by 
combination of selenium tetrachloride and dioxide, as described 
by Lenher (J. Amer. Chem. Soc., 1920, 42, 2498), great care being 
taken to obtain it free from water, seven distillations under con- 
siderably diminished pressure being carried out. The final distillate 


Fia. 1. 


was at once sealed off, in two portions, with excess of selenium and 
the dioxide, respectively. 

The apparatus in which the oxidation was carried out consisted 
of a cylindrical glass vessel, A (see diagram), of about 200 c.c. 
capacity, with a well ground-in tap at the bottom. A centre tube, 
B, fused through the ground-in stopper, L, reached to within 2 mm. 
of the bottom, and acted as the delivery tube for the ozone. A 
side tube, C, acted as the exit tube, and was joined by a ground 
joint to a wider tube, F, about 3 feet long (to collect a sublimate 
which formed), which itself was joined to a sealed tube of man- 
ganese dioxide, ZH, which decomposed the excess of ozone. A 
side tube, D, was used to admit the selenium oxychloride. The 
ozoniser, J, was made entirely of glass and took the form shown 
in the diagram, water being used as the conducting medium. The 
oxygen was dried by bubbling through concentrated sulphuric 
acid and then by passing through a U-tube, G, of phosphorus 
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pentoxide, a piece of glass wool preventing any solid being carried 
over. By keeping the ozoniser cool, at 15°, 7 to 8 per cent, 
of the oxygen was converted into ozone, a 4-inch sparking coil 
being employed. As it was essential that no moisture should be 
allowed to enter, the whole apparatus consisted of glass fused 
together, or ground-in, at every joint, and was tested for leaks 
by leaving at diminished pressure for forty-eight hours. 

In order to dry the apparatus, warm air, dried by the bubbler, 
H, of sulphuric acid and the U-tube, G, of phosphorus pentoxide, 
was slowly drawn through for seventy-two hours, the air being 
finally swept out by oxygen. The selenium oxychloride, saturated 
with selenium dioxide, was then rapidly introduced from its sealed 
tube, through the tube D, and the stopper replaced at once. The 
ozonised oxygen was then bubbled through at the rate of two 
bubbles per second. As no apparent change took place after 
forty hours, and as the liquid on testing gave no tests for a selenate, 
it was run out through the tap at the bottom and sealed off in a tube. 

The oxychloride, saturated with selenium, was then introduced 
and ozonised oxygen passed through it. After thirty-five hours’ 
treatment, the red colour of the solution, caused by the sclenium, 
began to disappear and in a few hours longer the liquid was colour- 
less. At the same time, a white solid began to form in the liquid 
and to sublime down the side tube, C, which in this experiment 
was connected directly with the U-tube, Z. After forty hours, 
all action appeared to have ceased and the oxychloride, together 
with the majority of the white solid, was run out into a well-stoppered 
bottle. 

After various solvents had been tried, it was found possible to 
obtain the white solid completely free of oxychloride by washing, 
first with carbon tetrachloride, which had been standing over 
phosphorus pentoxide for several weeks and distilled immediately 
before use, and then with ether, which had been standing over 
sodium for some weeks and also distilled immediately before use. 
The ether was finally removed by warm air dried by strong sulphuric 
acid and phosphorus pentoxide. 

About 0-15 gram was obtained (Found: Se — 62-34. SeO, 
requires Se = 62-26 per cent.). 

The quantity of white sublimate in the side tube was insufficient 
for analysis. 

A second experiment, in which the long side tube, F, was intro- 
duced, yielded 0-23 gram of the solid (Found: Se = 62-01 per 
cent.). Again insufficient sublimate was formed for analysis, but 
when dissolved in water it yielded nothing but selenic acid, so that 
it is probable that it also was selenium trioxide. 


I 
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In the third experiment, freshly distilled selenium oxychloride 
was introduced into the oxidation tube and sticks of fused selenium 
were placed in it. As the selenium dissolved, the ozone attacked 
itand thus a continuous formation of the trioxide went on. Fifteen 

ams were obtained by passing the ozonised oxygen for one hundred 
and forty hours. 

Analysis.—The solid was weighed in a stoppered bottle and 
dissolved in water. Hydrochloric acid was added, the solution 
gently boiled for about an hour, so as to reduce the selenic acid 
to selenious acid, and while still hot, sulphur dioxide was bubbled 
through it to precipitate the selenium in the red amorphous form ; 
the solution was boiled again for fifteen minutes, the selenium 
tuning black. To make certain that no selenium was left in 
solution, a small amount of hydrazine sulphate was added, and if 
no further precipitate was formed the liquid was filtered through 
a weighed Gooch crucible and the precipitate washed with hot 
water, with absolute alcohol, and with ether, and finally dried at 
105° for two hours. The Gooch crucible had previously been 
similarly treated before weighing. The increase in weight of the 
Gooch crucible gives directly the weight of selenium present. The 
results obtained show that the selenium trioxide obtained was 
practically in the pure state (Found: with different samples, 
Se = 62-34, 62-01, 62-30 per cent.). 

Molecular Weight—The molecular weight was determined by 
the cryoscopic method using phosphorus oxychloride as the solvent. 
The phosphorus oxychloride was shaken with, and left standing 
over, phosphorus pentoxide, and was distilled immediately before 
use, and care was taken to avoid any moisture entering. The 
depressions obtained corresponded to a molecular weight of (1) 136, 
(2) 135, which indicates that the selenium trioxide is represented 
by the formula SeO,. 

An attempt to determine the molecular weight of the white 
solid which sublimed led only to inconsistent results, probably 
largely due to the very small quantity available. 

Physical Properties.—The selenium trioxide obtained was a very 
pale yellow, amorphous solid of density 3-6. On heating, it decom- 
posed at about 120° without melting or subliming. It would thus 
appear that the “‘ sublimation” in the preparation was either due 
to the substance having been carried over in a very fine form or to 
an allotropic modification. Selenium dioxide was the only product 
of decomposition which could be detected. The trioxide was 
readily soluble in water with evolution of heat and also in alcohol, 
but was insoluble in ether, benzene, chloroform, or carbon tetra- 


chloride. 
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Chemical Properties.—Selenium trioxide appeared to be similar 
to sulphur trioxide, dissolving in water to form selenic acid and 
in alkalis to form selenates. It also dissolved in selenic acid (melted 
under diminished pressure). It combined directly with dry hydro. 
gen chloride, forming a fuming liquid, which proved to be chloro. 
selenic acid, analogous to chlorosulphonic acid. 


Chloroselenic Acid. 

Considerable heat was evolved by the combination of hydrogen 
chloride and selenium trioxide and partial decomposition occurred, 
red selenium being formed. If, however, the temperature was 
kept down by immersing the reaction vessel in ice, no decom. 
position took place and a nearly colourless liquid was formed. 
It was analysed by dissolving carefully a weighed quantity in ice- 
cold silver nitrate solution and weighing the mixture of silver 
selenate and chloride formed; this gave the total selenium and 
chlorine. A second weighed portion was dissolved in water, boiled 
with hydrochloric acid, and precipitated with sulphur dioxide as 
in the analysis of the selenium trioxide. The chlorine was estim- 
ated by difference (Found : SeO, = 77-18; HCl = 22-53. HClSe0, 
requires SeO, = 77-71; HCl = 22-28 per cent.). 

The chloroselenic acid obtained was a nearly colourless liquid 
which slowly turned pale yellow. It fumed in the air, evolving 
hydrogen chloride. Its density was 2-26 and it solidified at — 46°. 
.On heating, it decomposed, evolving hydrogen chloride and leaving 
selenium dioxide and selenium. Its molecular weight was deter- 
mined by depression of the freezing point of phosphorus oxychloride, 
as for selenium trioxide, and yielded the values 349 and 341, showing 
it to be probably represented by the formula (HCISeO,),, which 
requires a molecular weight of 327. 

The chloroselenic acid dissolved very readily in water, evolving 
considerable heat, and forming selenic and hydrochloric acids. It 
was also decomposed by alcohol, heat being evolved and selenium 
precipitated. It was insoluble in ether, benzene, chloroform, or 
carbon tetrachloride, but dissolved readily in selenium oxychloride 
without decomposition. 


Perselenic Acid. 


Both selenium trioxide and chloroselenic acid appeared to react 
with hydrogen peroxide to form a perselenate, but as no anhydrous 
hydrogen peroxide was available at the time only qualitative 
results were obtainable. <A distinct blue colour was obtained with 
alcoholic benzidine solution and the subject is being further 
investigated. 
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Summary. 


Selenium trioxide and chloroselenic acid have been prepared in a 
pure state, and some of their physical and chemical properties have 
been examined. They appeared to be very similar to the analogous 
sulphur compounds, but less stable. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. (Received, October 8th, 1923.] 


(CCX XXVI.—Optical Activation of Racemic Acid by 
d-Malic Acid. 


By Avex. McKenzie, Harotp James PLENDERLEITH, and 
NELLIE WALKER. 


ae addition of J-malic acid to an aqueous solution of potassium 
racemate causes the deposition of crystals which are dextrorotatory 
and which consist of potassium hydrogen racemate with a small 
admixture of potassium hydrogen d-tartrate. Asimilar mixture is 
obtained when potassium hydrogen racemate is crystallised from 
an aqueous solution of J-malic acid, an observation which pro- 
vided an example of the activation of an externally compensated 
compound on crystallisation from an optically active medium 
(T., 1915, 107, 440). This anomalous behaviour is not restricted 
to potassium hydrogen racemate, since /-malic acid was also found 
to cause optical activation with the racemates of sodium, rubidium, 
and cesium, respectively. But J-malic acid was exceptional. No 
fewer than fifteen other optically active acids were tested separ- 
ately, and the crystals deposited by the action of each one of those 
active acids on an aqueous solution of potassium or sodium racemate 
were in every case inactive, consisting, as they did, of the acid 
racemate only (T., 1922, 121, 349). 

It was obviously desirable that the above observations should 
be extended so as to embrace a study of the behaviour of d-malic 
acid. 

As this acid was not readily attainable in a state of purity, a 
convenient method for its preparation was devised whereby it was 
obtained from 1-yyy-trichloro-8-hydroxybutyric acid (this vol., 
p. 1090). It is now shown that d-malic acid causes activation to 
about the same extent as when its l-isomeride was employed, but 
the optical activity acquired is in the opposite direction. Thus, 
when d-malic acid is added to a solution of potassium racemate, 
the crystals which separate consist of a mixture of potassium 
hydrogen racemate and potassium hydrogen [-tartrate. When 
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potassium hydrogen racemate is crystallised from an aqueous 
solution of d-malic acid, the crystals which separate are als 
levorotatory, and consist of a mixture of the acid racemate and the 
acid [-tartrate. 

When it was decided to apply d-malic acid for the activation of 
racemic acid, the first attempts made to obtain it were by the 
resolution of r-malic acid. Some observations on the latter acid 
were incidentally noted, and are perhaps worth recording. 

The history of r-malic acid dates from the time of Pasteur’s early 
work. ‘The announcement by Dessaignes (Compt. rend., 1850, 30, 
324) that he had prepared aspartic acid from ammonium /-malate, 
and his claim in a subsequent paper (Compt. rend., 1850, 31, 432) 
that the same acid can be obtained from ammonium maleate or 
from ammonium fumarate immediately attracted the attention of 
Pasteur. The maleate and the fumarate are devoid of optical 
activity, and consequently a polarimetric examination of the 
aspartic acid from those sources was called for, because if this 
amino-acid proved to be optically active it would have constituted 
the first example of the artificial formation of an optically active 
substance in an optically inactive environment. The inactivity of 
Dessaignes’s acid derived from maleic or fumaric acid was then 
established by Pasteur himself, who at once converted it into malic 
acid by Piria’s method, and thus isolated r-malic acid for the first 
time (Compt. rend., 1851, 33, 217). 

The conversion of maleic or fumaric acid into r-malic acid 
did not prove in the hands of Loydl, Jungfleisch, Pictet, H. J. van’t 
Hoff, Tanatar, Anschiitz, and Skraup to be a method suitable for 
obtaining the acid in quantity. Recently, however, Weiss and 
Downs (J. Amer. Chem. Soc., 1922, 44, 1118; 1923, 45, 1003) 
have shown that when a mixture of maleic, fumaric, r-malic (or 
I-malic) acids is heated with water in a closed space, the maleic 
acid substantially disappears at higher temperatures, and an 
equilibrium is ultimately established between fumaric acid and 
r-malic acid; approximately the same end-point is reached irre- 
spective of which one of the above acids is used as the starting 
material. The method of preparation of r-malic acid adopted by 
Weiss and Downs consisted in heating an aqueous solution of. maleic 
acid in an autoclave and then separating the r-malic from the 
fumaric acid. 

By the decomposition. of r-yyy-trichloro-8-hydroxybutyric acid 
by concentrated aqueous alkali, Thurnlackh (Monatsh., 1891, 
12, 556) obtained calcium r-malate in small yield. Based upon 
this observation, a practical method of obtaining r-malic acid is 
now described. We resolved the r-acid by quinine, but the method 
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already described (loc. cit.) is obviously much more convenient for 
the preparation of d-malic acid. 


EXPERIMENTAL. 


The d-malic acid used in the following experiments was obtained 
from J-yyy-trichloro-8-hydroxybutyric acid (loc. cit.). It was free 
fom fumaric acid, and melted at 99—99-5°, whereas /-malic acid 
melts at 100° according to Walden (Ber., 1896, 29, 1699). 3-82 C.c. 
of potassium hydroxide (0-3251N) and 6-04 c.c. of a standard solu- 
tion of uranium nitrate (32-936 grams of the hydrated salt made up 
to 1 litre with water) were added to 0-236 gram of the acid. The 
solution, when made up to 20 c.c. with water, gave ap + 2-41° (J = 2), 
whereas I-malic acid, obtained from Kahlbaum, gave ap — 2-40° 
under similar conditions. 

Addition of d-Malic Acid to an Aqueous Solution of Potassium 
Racemate.—T'our grams of d-malic acid (1 mol.) were dissolved 
in 250 c.c. of a warm aqueous solution of potassium racemate pre- 
pared from 5 grams of hydrated racemic acid (1 mol.). On cooling, 
crystals began to separate, and after seventeen hours at the ordinary 
temperature these were collected, washed with 10 c.c. of water, and 
dried at 100° for one hour. The yield was about 5-6 grams. 0-4702 
required 28-95 c.c. of potassium hydroxide (N/10 x 0-8626) for 
neutralisation, whereas CO,H*-CH(OH)-CH(OH)-CO,K requires 
28°97 c.c. 

1:99 Grams of this product were neutralised with the calculated 
quantity of potassium hydroxide, and the solution was made up to 
16 c.c., being the amount requisite to fill a 2-dem. tube. The 
distinct levorotation of «, — 0-30° was observed. On dissolving 
15 grams of boric acid in this solution, the values a) — 1-07° and 
ts4g, —1+27° (J = 2) were observed. 

2:38 Grams of the above crystals and 2-05 grams of antimony 
oxide were made into a paste with water, and heated on the 
water-bath for half an hour, water being added at intervals. The 
product was then boiled with water and filtered. After twenty- 


} four hours the crystals of the antimony salt were separated, and 
the filtrate when examined in a 2-dcem. tube gave the strong levo 


rotation of a) —4-39° and a4., —5-16°. 
Racemic acid may also be activated by adding it to a solution 


7 of potassium d-malate. A solution of 4 grams of anhydrous racemic 
4 acid in 25 c.c. of water was added to 250 c.c. of a solution of potassium 


d-malate (5 grams). The yield of crystals was about 5 grams. 
Three grams were neutralised by potassium hydroxide, and the 
solution in a 2-dem. tube gave «, —0-32°. The addition of 2 grams 
of boric acid enhanced the rotatory power to «a» —1-47°. 

VOL, CXXIII, 5D 
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Crystallisation of Potassium Hydrogen Racematie from an Aqueous 
Solution of d-Malic Acid.—1-72 Grams of d-malic acid (1 mol) 
were dissolved in 100 c.c. of water, and to the boiling solution 2-4] 
grams of potassium hydrogen racemate (1 mol.) were added. The 
salt dissolved rapidly, and the boiling was continued for five 
minutes. After forty-eight hours at the ordinary temperature, the 
crystals were collected, washed with 10 c.c. of water, and dried at 
100° for one hour. Yield = 1-7 grams. 0-3889 required 24 c.c, 
of potassium hydroxide (N/10 x 0-8626) for neutralisation, whereas 
CO,H-CH(OH)-CH(OH)-CO,K requires 23-96 c.c. 

By the use of 3-2 grams of d-malic acid and 4-4 grams of potassium 
hydrogen racemate in a second experiment, the yicld of crystals 
amounted to 2-3 grams. 

2-15 Grams of the crystals were neutralised by the calculated 
quantity of potassium hydroxide, and the solution was evaporated 
to 16 c.c., being the bulk necessary to fill a 2-dem. tube. The 
rotation was «) —0-26°. The addition of 1-5 grams of boric acid 
enhanced this value to ap —0-99°, a54¢, —1-15°. 

1-32 Grams of the crystals were acted on by 0-95 gram of antimony 
oxide. The filtrate after the removal of 0-78 gram of the antimony 
salt gave a) —1-48° (J = 2). 

Contrast between d-Malic and 1-yyy-T'richloro-b-hydroxybutyric 
Acid.—2-071 Grams of |-yyy-trichloro-8-hydroxybutyric acid (1 mol.) 
were added to a warm aqueous solution (100 c.c.) of potassium 
racemate prepared from 1-499 grams of anhydrous racemic acid 
(1 mol.). The crystals deposited amounted to 1-5 grams. When 
examined in the usual manner, they were found to be quite inactive 
and consisted of potassium hydrogen racemate only. Again, when 
2-47 grams of potassium hydrogen racemate (1 mol.) were crystallised 
from 75 c.c. of an aqueous solution of 2°72 grams of the /-chloro- 
acid (1 mol.), the crystals which separated exhibited no optical 
activity when examined as usual, and consisted of the original acid 
racemate only. 

The behaviour of /-yyy-trichloro-8-hydroxybutyric acid is thus 
identical with that of the other optically active acids which had 
been previously tested (loc. cit.), and differs from that of I- and 
d-malic acids. 

Preparation of r-Malic Acid—Amongst the methods for the 
preparation of r-malic acid quoted in the literature, the following 
were examined. 

(1) The action of silver oxide and water on r-monobromosuccinic 
acid (Duboux and Cuttat, Helv. Chim. Acta, 1921, 4, 753; compare 
Kekulé, Annalen, 1860, 117, 126; 1864, 130, 24). 

(2) The decomposition of y-menobromosucceinic acid in neutral 
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or feebly alkaline solution (Holmberg, J. pr. Chem., 1913, [ii], 
87, 456, 553). 

(3) The action of mercuric acetate on maleic acid (Biilmann, 
Ber., 1910, 43, 578). 

We ultimately adopted the method suggested by Thurnlackh 
(loc. cit.), the following description being typical. Twenty grams 
of anhydrous r-yyy-trichloro-8-hydroxybutyric acid were added 
gradually within twenty minutes to a solution of 39-5 grams of 
potassium hydroxide in 150 c.c. of water, the solution being kept 
cold throughout. After the addition, the liquid was allowed to 
remain at the ordinary temperature for twenty-four hours, then 
heated on the water-bath for one hour, and finally neutralised with 
hydrochloric acid. Barium chloride was added in slight excess 
(26 grams), and the solution was concentrated at 100° until crusts of 
barium r-malate began to form. The salt was removed and washed 
until free from chloride. Yield = 20 grams (77 per cent. of the 
theoretical). 

The method of direct decomposition of the chloro-acid by barium 
hydroxide is also quite convenicnt (Found: Ba = 51-2. Calc., 
Ba = 51-0 per cent.). 

The free acid was obtained by decomposing the barium salt by 
either dilute sulphuric or oxalic acid. 40-5 Grams of crude r-malic 
acid (78 per cent. of the theoretical yield) were obtained from 
104 grams of barium r-malate. The fumaric acid present in the 
crude acid was separated by the addition of acetone, in which it is 
very sparingly soluble, whilst the r-malic acid was precipitated from 
the acetone solution by the addition of an excess of xylene 
(Equivalent: Found: 67-3. Calc., 67). 

The figures given in the literature for the melting point of r-malic 
acid are discordant. We found that the pure acid melts at 129— 
130° (on quick heating) in agreement with the value 128-5—129° 
quoted by Weiss and Downs (loc. cit.). 

Resolution of r-Malic Acid.—Bremer (Ber., 1880, 13, 382) pre- 
pared the r-acid by the reduction of racemic acid by hydriodic acid. 
By means of cinchonine, he obtained a small quantity of pure 
ammonium hydrogen d-malate. 

Equimolecular proportions of /-malic acid and quinine were 
taken in ethyl-alcoholic solution and the salt which separated was 
aystallised twice from ethyl alcohol, in which it is very sparingly 
soluble at the ordinary temperature. It melted at 177—-179° with 
decomposition (Found: C = 63:0; H= 6-3. C,H,,0,N2,C,H,O; 
requires C = 62-9; H = 6-6 per cent.). When the acid and alka- 
loid were employed in the proportions of 1 mol. of acid to 2 mols. 
of quinine with ethyl alcohol as solvent, the resulting salt melted 
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at 186—187° [Found: C = 67:3; H = 7-0. (C.9H»,0,N3)o,0,H,0, 
requires C = 67-5; H = 7-0 per cent.]. Also, when the acid (1 mol.) 
and quinine (} mol.) were taken with water as solvent, the salt, 
after crystallisation, melted at 186—187° [Found: C = 67:5; 
H=7-0. (CopHa4O,No).,C,H,O, requires C = 67-5; H = 7-0 per 
cent.]. In each of the above cases, the salts were dried in a 
desiccator over sulphuric acid. 

12-1 Grams of quinine (1 mol.) were dissolved in a solution of 
5 grams of 7-malic acid (1 mol.) in 75 ¢c.c. of ethyl alcohol. The 
resulting crystals were crystallised three times from ethyl alcohol 
and then amounted to 6-2 grams. The barium salt prepared from 
this was inactive. This negative result was probably due to the 
formation of a partially racemic quinine salt. A similar result was 
obtained when the proportions employed were 1 mol. of acid to 
2 mols. of quinine. Under the following conditions a resolution 
was, however, effected. 3-63 Grams of quinine (} mol.) were 
added to a boiling solution of 3 grams of r-malic acid (1 mol.) in 
30 c.c. of water. The crystals which separated on cooling were 
crystallised from water. Yield = 2 grams. The salt was decom. 
posed by the calculated amount of potassium hydroxide, and the 
precipitated quinine was removed. ‘The filtrate was extracted three 
times with chloroform, then neutralised with hydrochloric acid, 
and acted on by the requisite amount of barium chloride. The salt 
precipitated was removed and washed free from chloride, the 
residue proving to be pure barium d-malate (0-4 gram), as was 
shown as follows : 0-2362 Gram was decomposed by 1:55 c.c. of 
dilute hydrochloric acid containing the calculated amount of acid. 
3°85 C.c. of potassium hydroxide (0-3251N) were added, and then 
6-04 c.c. of a standard solution of uranium nitrate (32-936 grams 
of the hydrated salt made up to 1 litre with water). The solution, 
when made up to 25 c.c. with water, gave a, + 2-11° (i = 2), 
whereas pure barium /-malate gave under similar conditions 
Gp —2-12°. 


We wish to express our thanks to the Department of Scientific 
and Industrial Research and to the Carnegie Trust for the assistance 
given by them. 


University CoLLeEGeE, DUNDEE. 
UnIversITy oF Sr. ANDREWS. [Received, October 15th, 1923.] 
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OCOXXXVIT.—The Conversion of Paraformaldehyde 
into Glycollic Acid. 


By Datzie, LLEWELLYN Hammick and ALFRED REGINALD 
BOoEREE. 


By heating paraformaldehyde with a small quantity of sulphuric 
acid, Dunlop (T., 1914, 105, 1155) obtained methyl formate, methyl 
alcohol and formic acid presumably being produced by a Cannizzaro 
transformation. He failed to obtain «-trioxymethylene as described 
by Pratesi (Gazzetta, 1885, 14, 139). 

The present authors have shown that «-trioxymethylene can be 
produced by the action of sulphuric acid and water on paraform- 
aldehyde (T., 1914, 121, 2738); they now find that the considerable 
‘tarry residue ’’ obtained by Dunlop is mainly glycollic acid. 

Paraformaldehyde (100 parts) and concentrated sulphuric acid 
(10 parts) were heated in an autoclave at 115° for four and a half 
hours. A considerable pressure was developed, owing to the 
formation of carbon monoxide, which from time to time was allowed 
toescape. In order to obtain a sample of the gas for analysis, an 
experiment was carried out using a glass tube fitted to enable the 
gas to be collected over water : 95-5 c.c. contained 93-0 c.c. of carbon 
monoxide, 0-5 c.c. of oxygen, and 2-0 c.c. of nitrogen. No hydro- 
carbons, carbon dioxide, sulphur dioxide, or hydrogen were found. 
The liquid remaining in the autoclave gave (compare Dunlop, loc. 
cit.) on distillation methyl formate,‘a liquid boiling at 90—100°, and 
left a viscous residue. The latter was treated with water, heated 
with excess of calcium carbonate on the water-bath, and filtered. 
The filtrate on evaporation and cooling gave crystals of calcium 
slycollate, which were dried at 120° [Found : C = 25-75; H = 3-37; 
(a == 21-08. Cale. for Ca(C,H,0)., C = 25:2; H=- 3:2; Ca= 


421-05 per cent.]. 


A specimen of ethyl glycollate was prepared by passing hydrogen 
chloride into an alcoholic suspension of the calcium salt and boiling 
under reflux for some time (Found: C = 46-56; H = 7-85. Cale., 
C= 46-2; H = 7-7 per cent.). 

The yield of glycollic acid, using paraformaldehyde and sulphuric 
acid * in the proportions mentioned above, is about 20—22 grams 
per 100 grams of paraformaldehyde. 

The nature of the reaction whereby glycollic acid is produced 
from formaldehyde is not obvious. The possibility of the primary 
formation of glycollaldehyde by an aldol condensation between two 


* Paraformaldehyde, heated under exactly the same conditions but with. 
out sulphuric acid, gave no glycollic acid. 
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molecules of formaldehyde, followed by an oxidation to glycollic 
acid, would seem to be excluded by the fact that the only obvious 
oxidising agent present, namely, sulphuric acid, is not reduced during 
the reaction. No glycollaldehyde could be detected in the reaction 
mixture immediately on opening the autoclave, and therefore the 
production of glycollic acid cannot be due to atmospheric oxidation, 
Formic acid, however, is produced during the reaction, as is shown 
by the fact that methyl formate is isolated at the end; formic 
acid, as its structure and reducing actions imply, is capable of 
reacting as an aldehyde. It is therefore suggested that an aldol 
condensation takes place between molecules of formaldehyde and 
formic acid, yielding glycollic acid :— 


H-CHO + HO-CHO — CH,(OH)-CO,H. 


THE Dyson PERRINS LABORATORY, 
OxrForpD. [Received, September 10th, 1923.] 


CCCXXXVITI.—o-Trichloro- and w-Tribromo-quin- 
aldine and the Preparation of Quinaldinic Acid. 


By DauzieL LLEWELLYN Hammicx. 


w-HALOGENATED derivatives of certain methylquinolines have been 
prepared by Howitz (Ber., 1906, 39,2705; Annalen, 1912, 396, 23), 
who obtained them by heating the dibromo-hydrobromides of the 
various bases. Attempts to prepare w-tri- or di-bromoquinaldines 
by Howitz’s method failed, although much hydrogen bromide was 
evolved on heating the perbromide. It seemed possible that the 
presence of hydrogen bromide interfered with the smooth course of 
the reaction, and the bromination was attempted in glacial acetic 
acid containing an excess of anhydrous sodium acetate, which 
would convert any hydrogen bromide formed into sodium bromide. 
The device proved completely successful, and quantitative yields 
of w-tribromoquinaldine, C)H,N-CBrs, were readily obtained. The 
corresponding trichloro-derivative was obtained, although not in 
quantitative yield, by the same method. Hydrolysis of the above 
halogen compounds by boiling with dilute sulphuric acid gave 
quantitative yields of quinaldinic acid, thus proving that the 
halogenation of the quinaldine has occurred entirely in the side chain 
and providing a simple method for the production of the acid. 

Attempts to graduate the bromination so as to obtain w-mono- 
or di-bromoquinaldine have so far been unsuccessful, and further 
experiments are in progress. The method is also being applied to 
the other methylquinolines and to the picolines. 
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EXPERIMENTAL. 


w-l'ribromoquinaldine.—To a mixture of 50 grams of dry powdered 
sdium acetate, 100 grams of glacial acetic acid and 14 grams of 
pure quinaldine (1 mol.) at 70°, 48 grams of bromine (3 mols.) in 
100 grams of acetic acid were added in the course of ten minutes, 
the mixture being thoroughly shaken. The solution was boiled for 
a few minutes (until the separation of sodium bromide caused 
violent bumping), left for half an hour on the water-bath, cooled, 
and poured into water, and the faintly yellow, crystalline preci- 
pitate washed and dried (weight 36 grams = theoretical yield of 
v-tribromoquinaldine). After recrystallisation from alcohol or 
glacial acetic acid, the crystals were colourless and had m. p. 128° 
(uncorr.). 

When ordinary quinaldine is used (Kahlbaum’s “ refined ”’) in 
the above preparation, the product obtained on pouring into water 
contains tarry matter difficult to remove. A good product is 
obtained, however, by allowing the acetic acid solution to cool and 
omitting the treatment with water. A mixture of sodium bromide 
and w-tribromoquinaldine separates, which is filtered, washed with 
cold glacial acetic acid and finally with water (Found: Br = 63-5. 
CypH,N Brg requires Br = 63-2 per cent.). 

o-Trichloroquinaldine.—The procedure for the preparation of this 
compound was practically identical with the above. The quantity 
of chlorine absorbed was about 30 grams and the mixture was 
allowed to get hot during the introduction of the gas. The chlorin- 
ated product was heated as before and the dark-coloured oil 
obtained on dilution with water was washed with water and kept 
over-night, when it solidified. After recrystallisation from low- 
boiling ligroin, colourless crystals were obtained, m. p. 56° (Found : 
(l= 43-5. C,)H,NCl, requires Cl = 43-2 per cent.). 

Hydrolysis of w-Trichloro- and w-Tribromo-quinaldine : Prepar- 
ation of Quinaldinic Acid.—The hydrolysis was carried out by 
boiling under a reflux condenser with dilute (1: 10) sulphuric acid 
until a test portion, on neutralisation, yielded no unchanged halogen 
compound. After the solution had been cooled and nearly neutral- 
ised, excess of copper sulphate solution was added, the insoluble, 
pale green copper salt that separated was washed, suspended in 
hot water, and subjected to prolonged treatment with hydrogen 
sulphide. After removal of the copper sulphide the clear solution 
was evaporated to dryness and the solid recrystallised from glacial 
acetic acid; m. p. 157° (compare Reissert, Ber., 1905, 38, 1606) 
(Found: N= 81. Calc., N = 8-1 per cent.). 

The hydrolysis is quantitative ; thus 7 grams of w-tribromoquinal- 
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dine gave 3-1 grams of quinaldinic acid; theory requires 3-2 
grams. 


Part of the expense of the above investigation was met by a grant 
from the Chemical Society’s Research Fund. 


Tar Dyson Perrirns LABORATORY, 
OxrorRD. [Received, October 3rd, 1923.] 


CCCXXXIX.—The Interaction of B’-Dichlorodiethyl 
Sulphide, Sulphoxide, and Sulphone with Glycine 
Ester and with Potassium Phthalimide. 


By Atpert Eric CasHMoRE and Haminton McComstez. 


It has been shown by Clarke (T., 1912, 101, 1583) that derivatives 
of 1 : 4-thiazan are formed by the interaction of 88’-dichlorodiethy] 
sulphide and primary aliphatic amines when warmed together in 
ethyl-alcoholic solution in presence of anhydrous sodium carbonate 
and anhydrous sodium acetate. The yield is usually some 40 per 
cent. of that demanded by theory. The parent substance, | : 4- 
thiazan, has been prepared by Davies (T., 1920, 117, 297) by warm. 
ing $8’-dichlorodiethy] sulphide in a sealed tube at 60° with an excess 
of alcoholic ammonia. Helfrich and Reid (J. Amer. Chem. Soc., 
1920, 42, 1208) have found that §’-dichlorodiethyl sulphide, 
sulphoxide, and sulphone may be caused to react with primary 
aromatic amines to form 4-aryl derivatives of 1 : 4-thiazan and its 
oxide and dioxide. 

It is evident from the above examples that, under certain con- 
ditions, the removal of the halogen atoms from £§’-dichlorodiethy] 
sulphide is accompanied by ring formation. Certain cases are 
known, however, in which the open-chain derivatives are formed; 
some of these will now be reviewed. 

It has been shown in a previous communication (Cashmore, this 
vol., p. 1738) that 68’-dichlorodiethyl sulphide reacts with aqueous 
alkali to form $8’-dihydroxydiethyl sulphide, whilst the sulphoxide 
and the sulphone form the oxide and dioxide of 1 : 4-thioxan under 
similar conditions. 

Another example of the formation of open-chain derivatives from 
82’-dichlorodiethyl sulphide has been supplied by Davies (loc. cit.), 
who examined the action of sodiomalonic ester and sodioacetoacetic 
ester upon this compound. In the former case he obtained ethyl 
y-thiodiethylmalonate, S{[CH,°CH,*CH(CO,Et),.],, which was an 
unstable liquid and on hydrolysis yielded y-thiodibutyric acid, 
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§(CH,"CH,"CH,°CO,H),. The product of the latter reaction was an 
open-chain derivative which on alkaline hydrolysis also yielded 
ythiodibutyric acid. 

Davies also investigated the reaction between {8’-dichlorodiethy] 
sulphide and potassium cyanide in ethyl alcohol; this reaction 
proceeded in an altogether unexpected manner, giving a compound 
of the formula C,H,.S,(CN), which on hydrolysis yielded the 
corresponding dibasic acid. ‘The only possible structural formula 
for the nitrile is CN-CH,*CH,°S-CH,°CH,°S°CH,°CH,°CN. 

It may be interesting at this point to compare the properties of 
39’-dichlorodiethyl sulphide with those of its oxygen analogue, 
93’-dichlorodiethyl ether, and also 8§8’-di-iododiethy] ether. 

Kamm and Waldo (J. Amer. Chem. Soc., 1921, 42, 2225) have 
shown that 4-phenylmorpholine is produced by the interaction of 
33’-dichlorodiethyl ether and aniline. The reaction between 
99’-di-iododiethyl ether and ammonia does not give morpholine 
(Sand, Ber., 1901, 34, 2906), but a tertiary base, the structural 
formula of which is probably 

O< Ce cH? >N-CHy-CH"0-CHy CHy NCH yp? >O. 
Olarke (T., 1912, 101, 1792) has shown that 1 : 4-thioxan is produced 
by the interaction of 8’-di-iododiethyl ether and potassium sulphide. 
The corresponding reaction with @8’-dichlorodiethyl sulphide results 
in the formation of diethylene disulphide. Finally, it has been 
shown by Kamm and Waldo (loc. cit.) that the product of the 
reaction between @8’-dichlorodiethyl ether and sodiomalonic ester 
isa ring compound of the structural formula (I) : 


~ CH,°CH, CO,Et ~CH,' CH na on 
(L) O<cH?.CH.>C<co;Rt 0,8 <cn.cH ON CH, CO, Et (II.) 

The main portion of the present investigation deals with the 
reaction between glycine ester and #(’-dichlorodiethyl sulphide, 
sulphoxide, and sulphone. This reaction was chosen for two 
reasons ; 

(1) The amino-group is attached to a rather bulky residue. This 
might be expected to hinder ring formation if the tendency towards 
ring formation is not very great. The product of the reaction 
between @$’-dichlorodiethyl sulphide and glycine ester should there- 
fore be an open-chain compound, whereas in the reaction between 
68’-dichlorodiethylsulphone and glycine ester a sulphonazan 
derivative might be formed. 

(2) It has been suggested that the vesicant action of $8’-dichloro- 


diethyl sulphide may be due to the product formed by the reaction 
5 p* 


2886 CASHMORE AND MCCOMBIE: THE INTERACTION OF 


between this substance, or its oxidation products, and the amino. 
acids present in the skin. Obviously, glycine should have been 
tried first, but owing to the extremely low solubility of glycine in 
alcohol and in most other organic solvents, the reaction could not 
be carried out. As an alternative, the ester was employed. The 
products of the reaction have been purified and examined physio. 
logically, but no important results have been obtained. 

The research has yielded results which are interesting from the 
purely chemical point of view. The condensation of 88’-dichloro. 
diethyl sulphide and glycine ester hydrochloride was carried out 
under conditions similar to those employed by Clarke, and the 
product isolated was a liquid ester, S(CH,°CH,-NH-CH,°CO,[t),, 
which boiled at 159—160°/15 mm., the yield being some 40 per cent, 
of that demanded by theory. 

That this is the structure of the ester is evident from the fact that 
it forms a chloroplatinate, and on hydrolysis yields the free acid, 
which melts at 134°. This acid gives a blue, crystalline copper salt, 
which is rather readily hydrolysed; the sulphilimine of the acid has 
also been prepared. 

The reaction between £§’-dichlorodiethylsulphone and glycine 
ester was next examined and the sole product isolated was an ester 
which on analysis gave figures corresponding to those required for 
ethyl 1 : 4-sulphonazan-4-acetate. This ester was a solid (m. p. 66°) 
practically insoluble in ether and the yield was some 50 per cent. of 
that demanded by theory. It was characterised by the formation 
of a picrate and also by hydrolysis to the free acid (m. p. 177°), 
which gave a blue, crystalline copper salt. 

The sulphoxide could not be caused to react with glycine ester 
under the conditions employed in the other two experiments. 

The reaction between @8'-dichlorodiethyl sulphide and potassium 
phthalimide has also been examined in the hope that on subsequent 
hydrolysis of the intermediate product, $8’-diaminodiethyl sulphide 
might be formed. However, although the intermediate product 
has been isolated in a pure state, subsequent hydrolysis with acid 
or alkali yields 1 : 4-thiazan, which has been characterised by means 
of its chloroplatinate. £8’-Diaminodiethyl sulphide apparently 
is not known, although Gabriel and Colman (Ber., 1912, 45, 1644) 
have prepared $-chloro-f’-aminodiethyl sulphide by the interaction 
of aminoethyl mercaptan and ethylene chlorohydrin. This sub- 
stance, when warmed with alkali, gives no trace of 1 : 4-thiazan, and 
the course of the reaction is by no means certain. It has also been 
shown that $8’-dichlorodiethyl sulphoxide or sulphone does not 

react with potassium phthalimide under the conditions employed 
in the experiments with 68’-dichlorodiethy] sulphide. 
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EXPERIMENTAL. 


Reaction between 8'-Dichlorodiethyl Sulphide and Glycine Ester.— 
Glycine ester hydrochloride (30 grams), suspended in 98 per cent. 
ethyl alcohol (80 c.c.), was neutralised with anhydrous sodium 
carbonate (10 grams), the mixture being warmed on the water-bath. 
Anhydrous sodium acetate (16 grams) and 6§’-dichlorodiethyl 
sulphide (16 grams) were then added and the mixture was warmed 
on the water-bath for four hours. It was noticed that some solid 
collected in the condenser and a peculiar amine-like smell was 
perceived. The cooled mixture was filtered, the precipitate con- 
sisting almost entirely of sodium chloride. This was washed well 
with alcohol, and the washings and filtrate, concentrated to 
30 ¢.c., were poured into an excess of dilute hydrochloric acid. 
The oil that separated, consisting of unchanged $8’-dichlorodiethyl 
sulphide, was removed with ether, and the aqueous residue neutral- 
ised with sodium carbonate and extracted six times with ether, 
the ethereal extract being washed with water and dried over anhy- 
drous sodium sulphate. After removal of the ether there remained 
a brown oil (8 grams) which after two distillations gave a fraction 
which boiled at 159—160°/15 mm. and possessed a peculiar odour, 
not unlike that of 1:4-thiazan. Analysis showed that this oil is 
the ethyl ester of @8’-diglycinodiethyl sulphide. It is soluble in the 
usual organic solvents but insoluble in water [Found: N = 9-45; 
S= 10-84. S(CH,°CH,-NH-CH,°CO,Et), requires N = 9-59; 
§ = 10-96 per cent. ]. 

The chloroplatinate, formed by the addition of a solution of 
platinic chloride in hydrochloric acid to a 30 per cent. alcoholic 
solution of the ester, is a yellow, amorphous solid, which is not very 
soluble in water or alcohol and may be crystallised from either solvent 
(Found: Pt = 34:90. C,.H,,0,N,8, 2H,PtCl, requires Pt = 35°07 
per cent.). 

The free acid was formed by hydrolysing the ester (6 grams) with 
50 c.c. of boiling N-aqueous sodium hydroxide for four hours, when 
all the oil had disappeared. The clear solution was added to a slight 
excess of an aqueous solution of copper sulphate, the blue crystals 
that formed on keeping were washed with cold water and suspended 
in water at about 80°, the copper was removed with hydrogen 
sulphide, and the filtrate and washings were concentrated. A 
crop of pale brown crystals separated (2-5 grams) which, after 
crystallisation from ethyl alcohol, appeared as small plates melting 
at 132° after shrinking at 107°. These crystals are not very soluble 
in cold ethyl alcohol, but are very soluble in water (Found : 
C=4024; H=73; N-=11-70; S = 13-83. C,H,,0,N,S 
requires C = 40:34; H = 6-7; N = 11-83; 8 = 18-55 per cent.). 

5 p* 2 
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The sulphilimine of the free acid, formed by the addition of 
strong aqueous solution of chloramine-T to the aqueous solution 
of the free acid, was obtained in white, lustrous plates, nearly 
insoluble in cold water, but soluble in hot water, from which it was 
crystallised. It melts at 172° after charring slightly at 158° 
(Found: S =17-10. C,;H,,0,N,S, requires S = 16-98 per cent.), 

Reaction between 28'-Dichlorodiethylsulphone and Glycine Ester.— 
Glycine ester hydrochloride (15 grams) was dissolved in 95 per cent. 
ethyl alcohol (200 c.c.) and neutralised with anhydrous sodium 
carbonate as before. Anhydrous sodium acetate (10 grams) and 
8@’-dichlorodiethylsulphone were added and the mixture was 
warmed on the water-bath for four hours, filtered, most of the 
alcohol removed by distillation, and the residue poured into water 
(250 c.c.). As 88’-dichlorodiethylsulphone is nearly insoluble in 
cold ether, it was thought that the product of the reaction might be 
separated by extraction with ether, but the ethereal extract, after 
the usual treatment, yielded only a trace of solid residue. The 
aqueous residue from the ethereal extraction was next concentrated 
by evaporation on the water-bath until the sodium salts separated 
out, ethyl alcohol (200 c.c.) was added, and the mixture warmed 
and filtered. The filtrate on concentration yielded a granular, 
crystalline, white solid (11 grams), which, after two crystallisations 
from ethyl alcohol, melted at 68°5°. Hthyl 1 : 4-sulphonazan-4- 
acetate is insoluble in ether, but soluble in water or methyl or 
ethyl alcohol (Found: N=6-5; 8 = 14:5. C,H,,0,NS requires 
N = 6:35; S = 14:5 per cent.). 

The picrate, prepared in alcoholic solution, may be recrystallised 
from ethyl alcohol and forms small, yellow crystals melting at 
178° (Found: N = 13-70. C,,H,,0,,N,8 requires N = 13-63 per 
cent.). 

The free acid, formed by hydrolysing the ester (5 grams) with 
25 c.c. of boiling N-aqueous sodium hydroxide for half an hour, 
was isolated by means of the copper salt, preferably by the addition 
of a slight excess of copper carbonate in the presence of ammonium 
carbonate solution. The blue, crystalline copper salt separated 
together with excess copper carbonate; this was filtered and on 
cautious evaporation of the mother-liquors a further crop of crystals 
was obtained, but on prolonged warming hydrolysis took place. 
The copper salt was suspended in hot water and hydrogen sulphide 
passed through the hot liquor as before, the subsequent treatment 
being precisely that employed in the previous case. The free acid 
after recrystallisation from alcohol formed colourless plates melting 
at 177° (Found: N=76; S=16-40. C,H,,0,NS requires 
N = 7:3; 8S = 16-57 per cent.). 
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The copper salt was best prepared by treating the aqueous 
solution of the acid with rather less than the required amount of 
copper carbonate. This dissolved to form a blue solution, from 
which, after filtration and slow evaporation of the filtrate, blue 
crystals separated. The salt is hydrolysed on boiling with water 
and is best crystallised from 5 per cent. aqueous ammonia or by 
dissolving it in warm water and allowing the solvent to evaporate 
at the ordinary temperature (Found : Cu = 14-40. C,,Hj90,N,S,Cu 
requires Cu = 14-30 per cent.). 

Behaviour of $8'-Dichlorodiethyl Sulphoxide with Glycine Ester.— 
Glycine ester hydrochloride (15 grams) was dissolved in 150 c.c. of 
95 per cent. alcohol and neutralised with sodium carbonate. Anhy- 
drous sodium acetate (15 grams) and £’-dichlorodiethyl sulphoxide 
(15 grams) were added and the mixture was warmed on the water- 
bath for four hours, filtered, and concentrated. The precipitate 
consisted almost entirely of sodium chloride. The filtrate was 
concentrated as before and extracted with ether after pouring into 
water, but from this the only product was a small amount of 
solid which contained chlorine and sulphur but no nitrogen and 
from its melting point (108°) was evidently $8§’-dichlorodiethyl 
sulphoxide. 

The aqueous residue was concentrated as before and the solid 
mass extracted with boiling ethyl alcohol, but on evaporation of 
this extract no residue was obtained. The solid mass was redis- 
solved in water and a small amount of copper oxide was added, 
the mixture warmed and filtered, and the filtrate left over-night, 
when blue crystals separated. The substance was found to contain 
no sulphur and was evidently the copper salt of glycine (Found : 
Qu = 27-1. Cale. for C,H,O,N,Cu,H,O, Cu = 27-7 per cent.). 

The reaction was carried out under various conditions, the time 
of heating being varied, and sodium carbonate or sodium acetate 
being employed alone. However, in each experiment, although the 
chlorine was removed as sodium chloride (presumably by the action 
of the alkali salts), no product containing both nitrogen and sulphur 
could be isolated. 

Reaction between £8'-Dichlorodiethyl Sulphide and Potassium 
Phthalimide.—A mixture of @8’-dichlorodiethy] sulphide (14 grams) 
and potassium phthalimide (48 grams) was heated under an air 
condenser at 170° for six hours. The product was washed with 
hot water and dilute sodium hydroxide solution, and the dark, 
sticky residue purified by recrystallisation from ethyl alcohol 
containing a little animal charcoal. The substance was obtained 
as fine, pale cream needles melting at 125°. The yield was 20 grams 
(Found : C = 62:99; H=4:2; N =7-73; S = 8-47. Cy 9H,,0,N,8 
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requires C= 63-1; H=42; N=7-38; S = 8-42 per cent,). 
The substance is evidently the condensation product 


§(CHyCHyN< Co CHa), 


On warming this substance with dilute alkali, a strong odour of 
ammonia was observed, but no amine could be isolated, although 
phthalic acid was precipitated and identified when the solution 
was acidified. 

The substance was hydrolysed by heating 3 grams with 10 c.c. of 
concentrated hydrochloric acid in a sealed tube at 200° for two hours, 
Some tar was produced, and also long crystals of phthalic anhydride, 
These were filtered after the addition of water and the filtrate was 
concentrated. The hydrochloride of the base was deposited as 
brown crystals which were very hygroscopic. These were dissolved 
in ethyl alcohol and a small amount of animal charcoal was added. 
The mixture was warmed and filtered and an aqueous solution of 
chloroplatinic acid was added to the colourless filtrate; an amor- 
phous, yellow precipitate slowly formed and after leaving the 
mixture over-night, this was filtered off and washed with alcohol. 
The chloroplatinate was a yellow, amorphous powder, insoluble in 
water and organic solvents and corresponded in properties to the 
chloroplatinate of 1:4-thiazan described by Davies (Found: 
Pt = 41-0. Calc., Pt = 41-1 per cent.). 

The condensation product was found to be very resistant to 
the action of boiling dilute hydrochloric acid, most of it being 
recovered unchanged after the mixture had been boiled for three 
hours. 

Reaction between (8'-Dichlorodiethyl Sulphoxide (and Sulphone) 
and Potassium Phthalimide—A mixture of £8'-dichlorodiethy]l 


sulphoxide (1 mol.) and potassium phthalimide (2 mols.) was heated | 


at 160° for four hours. Much charring took place and on washing 


the product with hot water and dilute sodium hydroxide, no residue — 
was left except a small amount of tar, which was not further | 
examined. An experiment carried out at 130—140° yielded the | 


same result. 


68’-Dichlorodiethylsulphone behaved in the same manner when 


heated with potassium phthalimide. 


CHEMICAL LABORATORY 
CAMBRIDGE. [Received, September 28th, 1923.] 
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(CCXL.—The Interaction of Potassium Tetroxide with 
Ice and with Dilute Sulphuric Acid. 


By Hersert Hawiey and Henry Juuius Satomon Sanp. 


THz question whether an oxide of hydrogen higher than that 
corresponding to the formula H,O, can be prepared in a similar 
manner to the higher sulphides of hydrogen is one of considerable 
interest. Bach (Ber., 1900, 33, 1506, 3111) believed that such a 


2.C. of 

1ours, @ higher peroxide should, on treatment with acid and permanganate, 
dride, § contribute more than one atom of oxygen to each atom of oxygen 
e was § supplied by the permanganate. On testing the matter by measur- 


od as @ ing in the same experiment the permanganate employed and the 
olved § oxygen evolved, using peroxide from various sources, he in many 
Jded. § cases found an excess of the latter, corresponding, according to his 
on of | views, to the presence of a small amount of a higher peroxide. This 

was particularly the case with the peroxide derived from potassium 


tetroxide. H. E. Armstrong (P., 1900, 16, 134) pointed to the 


ohol, @ possibility that Bach’s results might be due to the formation of a 
le in @ persulphuric acid. Following up this idea, Ramsay (T., 1901, 79, 
) the § 1324) showed that on the addition of hydrogen peroxide to a mixture 
ind: § of sulphuric acid and permanganate more oxygen may be obtained 


than if the permanganate is added to the same amount of hydrogen 
peroxide mixed with sulphuric acid; and similarly, that more 
permanganate is used in the former than in the latter case. This is 
due to the formation of a persulphuric acid in the second instance 
the action of which on permanganate is very slow. For the purpose 
of a criticism of Bach’s experiments, Ramsay’s results are, however, 
not valid, for the concentration of his sulphuric acid was different 
from that of Bach, and, as was shown later by Clover (Amer. Chem. 
J., 1903, 29, 463), no persulphuric acid is formed under the condi- 


‘ing 
due | tions of Bach’s work; besides, some of Bach’s results were obtained 
her J when acetic acid was employed in place of sulphuric acid. Secondly, 
the J even if persulphuric acid had been formed, this would not have 


affected the relative amounts of permanganate employed and oxygen 
evolved, as was pointed out later in Bach’s reply. The correct 
explanation of Bach’s results was doubtless supplied two years 
later by Clover (loc. cit.), who showed that the discrepancies observed 
were probably due to an insufficiency of acid, in which circum- 
stances hydrated manganese dioxide is precipitated which cata- 
lytically decomposes more hydrogen peroxide than corresponds to 
its own available oxygen. It was thus proved that Bach’s results 
furnish no evidence for the existence of hydrogen tetroxide. Never- 
theless, the importance of the matter justifies the search for more 
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positive evidence of the absence of this substance when potassium 
tetroxide is treated with water or with acid. 

The method pursued in the following experiments consisted jy 
allowing potassium tetroxide to react with ice or with dilute 
sulphuric acid at or below 0° and measuring the oxygen evolved, 
If this were less than the amount which would leave hydrogen 
peroxide in the solution, the presence of a higher oxide of hydrogen 
would be proved. The experiments, however, showed that even 
when the greatest care was exercised in bringing the reactants 
together, slightly more oxygen was evolved than corresponded to 
the quantitative conversion of the tetroxide into a derivative of 
hydrogen peroxide. There was thus no evidence for the formation 
of a higher peroxide in solution. On the contrary, a small amount 
of the ordinary peroxide formed must have undergone decom. 
position under the conditions of the experiment. However, it was 
still possible that there remained a small amount of a higher peroxide 
as well as some ordinary peroxide. The most suitable method to 
test this question was considered to be the quantitative determin- 
ation of a property of the solution. The rate of reaction with 
hydrogen iodide was therefore measured, and compared with that 
of a similar solution made up from Merck’s hydrogen peroxide. As 
a result, it was found that the velocity coefficients under correspond- 
ing conditions were in every case the same for the test as for the 
standard solution. 


EXPERIMENTAL, 


Measurement of the Oxygen evolved when Potassium Tetroxide is 
treated with Ice or Dilute Sulphuric Acid—Two preparations of 
potassium tetroxide were made from weighed amounts of potassium. 
Vernon Harcourt’s instructions were followed (T., 1862, 14, 267), 
with the only alteration that the potassium for the second prepar- 
ation was obtained in bright pellets by the method recommended 
by Bunbury and Martin (T., 1914, 105, 417). In the first case, 
15-61 grams of the product were obtained from 9-46 grams of 
potassium, corresponding to a yield of 73 per cent. of potassium 
tetroxide and 27 per cent. of potassium peroxide. In the second 
case, the yield was 49-94 grams of the product from 20-71 grams of 
potassium, corresponding to 84-1 per cent. of tetroxide and 15-9 
per cent. of the peroxide. The amount of potassium in each 
preparation was confirmed by dissolving a weighed amount in 
water and titrating the potassium hydroxide formed. From these 
numbers we calculate that in the case of the first preparation 64-4 
grams correspond to 39 grams of potassium, and yield, on reduction 
to potassium peroxide, 6-55 litres of oxygen at N.7.P. and 12-15 
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litres on reduction to potassium monoxide. In the second prepar- 
ation, 67-9. grams correspond to 39 grams of potassium and yield 
90 litres of oxygen on reduction to the peroxide and 14-6 litres on 
reduction to the monoxide. The apparatus employed was a tube 
of the shape shown in the accompanying sketch; this was attached 
to a nitrometer by a length of thick-walled rubber tubing. The 
tetroxide was weighed into the opening A, the apparatus cooled in 
jee water, and dry ice introduced through B. All nitrometer 
readings were taken with the tube immersed in ice-water. The 
reactants were brought together gradually with great care by 
suitable manipulation after further cooling in a freezing mixture. 
In some of the experiments the tube 
was afterwards heated in a calcium 
chloride bath and the contents were 
. allowed to boil for about half an hour, 
after which it was again cooled to 
0° to allow the nitrometer to be read. 
The results are recorded in Table I. 
Nos. 1 to 8 refer to the experiments 
on sample 1 of the tetroxide, in which 
the latter was brought together with ice, No. 9 to an experiment in 
which about 10 c.c. of a mixture of ice and water, containing 3 c.c. 
of N-sulphuric acid, were allowed to act on sample 2 of the tetroxide. 


TABLE I. 


Litres of oxygen at N.7'.P. per 39 grams of 
potassium calculated 


Gram of from evolution from evolution 
tetroxide of gas in to yield of gas on to yield 
taken. freezing mixture. K,O,. boiling. K,0. 

0°192 : 6°55 

0°186 

0°247 

0°268 

0°173 

0-159 : 

0°177 ‘ e 12-20 12°15 
0°207 ‘ a 12°15 tp 
0°177 / 9°0 14°9 14°6 


CHOIRS MmODE A 


It will be seen that in every case slightly more oxygen is liberated 
than corresponds to the quantitative production of hydrogen 
peroxide, a certain amount of which must therefore have undergone 
decomposition. This is not surprising, for it is well known that 
hydrogen peroxide is very unstable in alkaline as compared with 
acid solutions. The total amount of oxygen liberated after boiling, 
however, agrees closely in every instance with the calculated 
amount. This isin accordance with a series of experiments in which 
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it was proved that hydrogen peroxide may be accurately estimated 
gasometrically by simply boiling its alkaline solution, provided 
that air-free water be employed and the boiling be continued for 
about half an hour. 

Comparison of the Aqueous Solution obtained from Potassium 
Tetroxide with a similar one derived from Merck’s Perhydrol as regards 
Velocity of Reaction with Hydrogen Iodide——The velocity of the 
reaction between hydrogen peroxide and hydrogen iodide has been 
studied by Magnanini (Gazzetta, 1891, 21, 476) and by Noyes 
(Z. physikal. Chem., 1895, 18, 131). There is some doubt whether 
the reaction is uni- or bi-molecular with reference to the hydrogen 
iodide, that is, whether it is bi- or ter-molecular as a whole. Since 
the object of the present experiments was only to compare’ solutions 
derived from potassium tetroxide with such known to contain only 
hydrogen peroxide, the conditions were chosen so as to make it 
possible to calculate either a bimolecular or a termolecular co- 
efficient, that is, a large excess of hydrogen iodide was employed. 
This was obtained by adding to a solution of potassium iodide an 
exactly equivalent amount of dilute sulphuric acid. A considerable 
amount of potassium sulphate was thus present in all the experi- 
ments. The temperature chosen was 0°. In the experiments in 
which the peroxide was derived from potassium tetroxide, a quantity 
of the latter weighed by difference was brought together with ice 
and cautiously neutralised at 0° with the calculated amount of 
N/10-sulphurie acid. Fifty ¢.c. of this solution were placed in « 
conical flask in ice-water for each experiment. The strength of the 
solution in terms of available oxygen was determined by titration 
with permanganate. In other flasks at 0° were placed 200 c.c. 
of solutions derived from weighed quantities of potassium iodide 
and the equivalent volumes of N-sulphuric acid. At the beginning 
of a determination, the solutions containing the peroxide and the 
hydrogen iodide were mixed by pouring backwards and forwards 
from one flask to another. Three identical experiments were 
started for each series and the whole of the solution in each flask 
was rapidly titrated at 0° by means of standard thiosulphate after 
a suitable interval. The time taken to the completion of the 
titration was the value adopted. 

Those experiments in which the peroxide was derived from 
Merck’s perhydrol were carried out in an exactly similar manner. 
The solution was diluted to agree approximately with the corre- 
sponding one from potassium tetroxide. In one series of experi- 
ments (No. 5, Table IT) a small amount of potassium sulphate was 
added to make the concentration of this salt the same as that in the 
companion series (No. 4). In some preliminary experiments, the 
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TABLE II. 


Normality Normality t Normality 
Experiments. of HI (a). of H,O, (6). (mins.). of I, (2). k.. 

1. H,O, from per- 0-120 0°01188 f 0:00328 0-270 
hydrol. K,SO, = m cs 0:00632 0°256 
0°120N. ‘i oe 0°00914 0°252 

9, H,O, from 0-120 0°01064 0°00396 0°258 
K,0,. K,SO, = 4 - 0:00538 0-251 
0°132N. »» 99 0:00762 0°253 

3, H,O, from per- 0060 0°01982 0°00222 0°1876 
hydrol. K,SO, = x a 0:00416 0°1809 
0-:060N. ”° 9 0:00708 0°175 

4, H,O, from per- 0-060 0:02904 0:00350 0°172 
hydrol. K,SO, = a em 0°00612 0-161 
0°0935N. 99 »» 0:00912 0-163 

5. H,O, from 0060 0°02932 0:00340 0°168 
K,0O,. K,SO, = a = 0:00616 0-166 
0-0935N. »9 ” 0°00922 0-161 
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procedure followed in a well-known lecture experiment was adopted, 
of adding a known quantity of thiosulphate to the reacting mixture 
at the beginning of the experiment and noting the time required 
for the appearance of the blue colour. This method was, however, 
found to lead to complications, owing to the very considerable 
action which was proved by a special series of experiments to take 
place between thiosulphate and hydrogen peroxide. Table II 
gives the particulars of the experiments carried out. The concen- 
tration of the hydrogen iodide (a), hydrogen peroxide (5), iodine (2), 
and potassium sulphate are given in gram-equivalents per litre, 
the time tin minutes. Coefficients /, and k, for a second and a third 
order reaction, respectively, were calculated by means of the 
formulae 

b(a — x) 


9, ») 
= 2-3026 logy9 —j-—, and k, =- 


ky _ x 
2 ~ (a — b)t © a(b — z) a—b a(a—bja—x)t 


It will be seen that under the conditions of the experiment good 
coefficients were calculated in each series for &, as well as for kg, the 
latter being slightly better and also allowing a more consistent 
interpretation of the efiect of the presence of potassium sulphate. 
Series 1 and 2 and particularly series 4 and 5 allow a direct com- 
parison to be made of the reaction velocity in the case of the solu- 
tions derived from potassium tetroxide and from perhydrol respec- 
tively. ‘Thus, in series 1, we have the average value k, = 2-23 for 
hydrogen peroxide from perhydrol and k, = 2-17 for hydrogen 
peroxide from the tetroxide. In series 4 and 5, the identical 
average value 2-92 is obtained for k,. Similar good agreement is 
found on comparison of the k, values. There can thus be no doubt 


as to the identity of the product in the two cases. 
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Summary. 


The amount of oxygen liberated on bringing together potassiuy 
tetroxide and ice or dilute sulphuric acid at 0° was found to 
be slightly greater than that which would have quantitatively left 
a derivative of hydrogen peroxide in solution. The solutions left 
were tested as regards their velocity of reaction with hydrogen 
iodide and found to agree accurately with corresponding ones made 
up from hydrogen peroxide. It is thus proved that only hydrogen 
peroxide results from the interaction of potassium tetroxide with 
ice or with dilute sulphuric acid. 

DEPARTMENT OF INORGANIC AND PuHysIcaL CHEMISTRY, 


Str Joun Cass TECHNICAL INSTITUTE. 
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CCCXLI.—Note on Glasstone’s Discussion of Over- 
voltage Measurement. 


By Hrnry Juttus SaLomon SanD and Epwarp Josrru 
WEEKS. 


In a paper (this vol., p. 1745) on overvoltage measurement, Glasstone 
draws the conclusion that the difference between the results obtained 
by the direct and by the commutator method is due partly to the 
induced currents which may be generated when the latter method 
is employed with inductive circuits, and that the values yielded 
by the method are therefore dependent on the type of apparatus 
used. Having been engaged for some time in measuring over- 
voltages by the commutator method, we feel compelled to state in 
contradiction to these conclusions that the commutator method 
yields very definite results, which are reproducible in the case of 
some metals to about a centivolt, and that they are independent 
within ordinary limits of the self-induction of the circuit. 

There are several errors in Glasstone’s work. In order to arrive 
at his conclusions, he attempts to compare overvoltages measured 
during the passage of the current when first a continuous and then 
an intermittent current is employed. In the latter case, however, 
he uses no arrangement for disconnecting his potentiometer in the 
intervals during which the current is interrupted. It is therefore 
not surprising that the results should be intermediate between those 
which are in operation when the current is on and those which 
hold when it is off. Yet it is on these results that he bases all his 
conclusions. There is another pitfall that has been overlooked. 
To render the experiments with continuous and with intermittent 
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wurrent comparable, it would have been desirable to have the 
wrrent density during the actual passage of the current as nearly 
ss possible the same in the two cases. Owing to the arrangement 
of his circuit, Glasstone’s intermittent current rises comparatively 
sowly from zero to its maximum value, so that it would be difficult 
to assign a definite value to it. There is, however, a more serious 
aror. In all his experiments Glasstone employs ammeters which 
act as coulombmeters. The average current density during the 
actual passage of the current for a given reading of the ammeter 
was thus approximately twice as great with the intermittent as 
with the continuous current. If, therefore, it had been possible 
to connect the cathode to the potentiometer during the intervals 
oly in which the current was on, Glasstone should have obtained 
higher values for overvoltage with intermittent than with con- 
tinuous current instead of the lower ones actually registered by him. 

The following experiments are recorded to substantiate the state- 
ments just made. 

Overvoltage with Intermittent Current, measured during the 
Passage of the Current—A Whetham double commutator (Phil. 
Trans., 1900, [A], 194, 321) was employed. One of the com- 
mutators was utilised to obtain the intermittent current, only two 
of the brushes being in use. The second commutator made and 
broke the connexion between the potentiometer and the cathode, 
so that the make occurred a little after and the break a little before 
the corresponding makes and breaks of the working current. The 
number of makes and breaks was about 3600 per minute. The 
cathode was a circular disk of platinum foil having an area of one 
square centimetre. This was let into a glass tube and was insulated 
at the back by melting upon it a mixture of paraffin and beeswax. 
A pinhole was pierced through it, and connexion was made to the 
auxiliary hydrogen electrode by means of the electrolyte in the 
interior of the tube. The electrolyte of the hydrogen electrode was 
the same as that undergoing electrolysis, so that potentiometer 
readings gave overvoltages direct. The ammeter was of the moving- 
coil type. When employed with intermittent current, this instru- 
ment acted with sufficient accuracy as a coulombmeter. As already 
explained, higher overvoltages were therefore to be expected for a 
given reading with intermittent than with continuous current. This 
expectation was fulfilled in every instance. Thus in one series of 
measurements in N-sulphuric acid, for a reading of 100 milliamps., 
an overvoltage of 0-60 was obtained with continuous, an over- 
voltage of 0-65 immediately afterwards with intermittent current. 
With a current reading of 150 milliamps., the corresponding numbers 
were 0-75 and 0-76. In N-sodium hydroxide, a current reading of 
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100 milliamps. corresponded to an overvoltage of 0-72 with con. 
tinuous, to an overvoltage of 0-79 with intermittent current, the 
corresponding voltages for a current reading of 150 milliamps. being 
0-75 and 0-84, respectively. 

Attempts were also made to compare overvoltages on continuous 
current corresponding to a given current density, with those holding 
for intermittent current, the average density of which, during the 
intervals in which it was in operation, was the same as that of the 
continuous current. For this purpose, a special calibration curve 
of the ammeter was constructed, correlating readings on the inter- 
mittent current with the actual values of the latter during the 
intervals it was in operation. These values were determined in 
each case by balancing the potential difference between the ends of 
a resistance of known value through which the current was flowing 


against that of a potentiometer; the latter being in connexion | 


through the commutator in the identical manner explained above 
only while the current was flowing. Passing up the ammeter scale, 
and leaving out the first quarter, it was thus found that the ratio 
of intermittent current strength measured by the potentiometer to 
that measured by the ammeter varied fairly continuously from 2-40 
to 2-15, the average value of about 2-25 corresponding, as nearly as 
could be judged from an inspection of the commutator, to the ratio 
of total time to time during which the current was on. 


TABLE. 
Overvoltages (during current). 
Ammeter readings. In H,SO, — a oe en. 
For con- Forinter- For con- For inter- For con- For inter- 
tinuous mittent tinuous mittent tinuous mittent 
current. current. current, current. current, current. 
0°137 0:060 0°68 0°52 0°74 0°70 
0°161 0:070 0-73 0°55 0°75 0°72 
0°183 0:080 0°75 0°58 0°78 0°75 
0-201 0-090 0°77 0°60 0°78 0°77 
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The accompanying table gives a comparison of overvoltages | 


measured with continuous and with intermittent current, the strength 
of the current while it was actually on being as nearly as possible 
the same in both cases. The values in the first column may be taken 
as current densities; a comparison of these with the values in the 
second illustrates the difference in ammeter readings to be taken 
with continuous and with intermittent current. The numbers 
given are the mean of results obtained in two series of experiments ; 


in the first, the current was successively taken from low to higher | 
values; in the second, it was similarly successively diminished. It | 


will be seen that the continuous-current values are throughout 
somewhat higher than the corresponding intermittent ones. This 
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isnot surprising when we remember that with intermittent current 
there is more opportunity than with continuous for some of the 
transfer-resistance to disperse. There is no justification for ascrib- 
ing these differences to induced currents in the sense done by 
(lasstone. 

Effect of Self-inductance of the Circuit.—The only rational method 
that is apparent to us for deciding whether the self-induction of 
intermittent currents has any influence on overvoltage measure- 
ments, is to determine whether identical results are obtained when 
ireuits of widely differing self-inductance are employed. Some 
onsiderable time before the appearance of Glasstone’s publications 
ve satisfied ourselves on this point. For this purpose, we first con- 
nected the terminals of the battery employed to the end terminals 
of a sliding rheostat consisting of wire wound on an enamelled iron 
drum, and regulated the current by shunting it on part of this 
sistance. Later we obtained the same current by using the rheostat 
in series. No difference in overvoltage was observed. On the 
publication of Glasstone’s recent paper we carried out further 
«xperiments in which first a circuit which was as nearly as possible 
ion-inductive and later one with considerable self-inductance of 
known value was employed. The non-inductive circuit consisted 
imply of a battery, the commutator, the electrolytic cell, and the 
] noving-coil ammeter, through the shunt of which most of the current 
jjassed. The return wires were tied close to the leading-out wires. 
The inductive circuit contained besides, a regulating resistance and 
Jan electromagnet the self-inductance of which for currents from 
)to 1 ampere was known to be 25 millihenrys. The two circuits 
were arranged so that by altering a single switch it was possible to 
pass from one circuit to the other. The maximum current strength 
over the whole electrode at any instant was one ampere. For the 
jovervoltage during the intervals in which the current was off 
| (ordinary commutator method) we found independently of the self- 
Jinductance of the circuit in N-sodium hydroxide solution, for 


—e 


| platinum the value 0-080, and for lead the value 0-590; the current 


‘J(ensity being 180 millicoulombs per second and square centimetre.* 
jin N-sulphuric acid solution at current densities of 100 and 200 
nillicoulombs per second and square centimetre,* for platinum the 
overvoltage 0-200 was found independently of the self-inductance 
of the circuit. Intermittent current overvoltages measured during 


* In order to indicate that the magnitudes of intermittent currents are 
stated in terms of the average over the whole time as recorded by the 
ammeter, and not during the time only when the current is on, we propose 
to substitute for the term ampere which we have previously used in con- 
formity with the practice of other writers, the term coulomb per second. 


y 
q 
d 
i 
i 


2900 GLASSTONE’S DISCUSSION OF OVERVOLTAGE MEASUREMENT, 


the passage of the current were also determined in the inductive and 
non-inductive circuits according to the method described above. 
These likewise were found to be independent of the self-inductance 
of the circuit. 


Discussion. 


In a previous paper (this vol., p. 457), the opinion to which we 
still adhere was expressed that overvoltage determined by the 
commutator method measures polarisation; and we propose where 
necessary to refer to it in future as polarisation-overvoltage. Our 
principal reason for attaching great importance to it is that very 
definite and reproducible values are obtainable, so that even if our 
interpretation were proved incorrect, the numbers would still retain 
experimental significance. In contrast to this, overvoltage values 
determined by the “ direct ’’ method are dependent on a great many 
factors, extremely difficult to control. We propose where necessary 
to refer to these values as total overvoltages. Whereas polarisation 
overvoltage measures an effect which is reversible in so far as it 
persists for a short time after the interruption of the current, total 
overvoltage undoubtedly comprises completely irreversible effects. 
We consider that the best method to express this is to ascribe the 
difference between total and polarisation overvoltage to transfer- 
resistance, a term we owe to Gore. In doing this, we by no means 
wish to commit ourselves to the view that transfer-resistance is in 
all cases due entirely, or even partly, to films of gas. On the 
contrary, we are quite alive to the possibility that its range may be 
partly of a molecular order, that part of it may be inherent to the 
transfer of current from the electrode to the electrolyte, and that 
the potential gradients due to it may be of importance to the chemical 
processes occurring at the electrode. The opinion is sometimes 
expressed that overvoltage measured by the direct method is due 
in part to a polarisation which persists for so short a time only that 
it is impossible to measure it by the commutator method. Such a 
view we cannot refute, but even if it were correct, it would have no 
bearing upon the fact that overvoltages measured by the com- 
mutator method correspond to an experimental reality which is 
independent, over considerable ranges, of the conditions of the 
experiment. These overvoltages are therefore of experimental, 
and as we hope to show in a future publication also of very consider- 
able theoretical interest. The foregoing discussion is independent 
of the admitted fact that electric waves affect total overvoltage 
during the time they are in operation, and also of the possibility 
that the chemical results of intermittent current may differ from 
those of continuous. 
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Summary. 


Owing to an error in the arrangement of Glasstone’s experiments, 
these can give no information on the matter they were intended to 
ducidate, and all his conclusions are invalid. Contrary to these 
conclusions, we find that intermittent-current overvoltages are 
independent of the self-inductance of the circuit over a much wider 
range than is likely to come in question during ordinary experi- 
ments. The relation of polarisation to total overvoltage has been 


discussed. 


We take this opportunity to express our indebtedness to Dr. 
D. Owen for the loan of the Whetham commutator and of the 
dectromagnet employed, and for having the self-inductance of the 
latter determined for us. 
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OCCXLII.—Preparation and Stability of Cuprous 
Nitrate and Other Cuprous Salts in presence of 
Nitriles. 

By Howarp Hovutston Morgan. 


Ir a decinormal solution of silver nitrate in acetonitrile be placed 
in contact with finely divided copper, precipitation of the silver 
will rapidly take place. The resulting solution is colourless and, 
after filtration, will remain so almost indefinitely if air be excluded. 
Even in contact with the air, it will remain colourless for several 
hours, but thereafter will become very slightly turbid and develop 
a faintly green tinge. 

The copper in the solution is present in the cuprous condition, 
as is shown by the following typical experiment, in which the 
precipitated silver and the excess of copper were both estimated : 
0:5588 gram of pure copper powder, added to 0-6938 gram of silver 
nitrate dissolved in 50 c.c. of acetonitrile, precipitated 0-4409 gram 
of silver (equivalent to 0-6940 gram of silver nitrate) ; the remaining 
copper was 0:2982 gram. ‘This gives 63-78 grams of copper, equiva- 
lent to 107-9 grams of silver. 

On distilling off the acetonitrile on a water-bath, a slightly 
greenish-blue, very viscous residue is obtained, from which, on the 
addition of two or three times its bulk of water, hydrated cuprous 
oxide is precipitated. The clear, almost colourless solution obtained 
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by filtering this contains cuprous nitrate and free nitric acid; 
the addition of concentrated hydrochloric acid yields a white 
precipitate of cuprous chloride, and dilution with water precipitates 
more cuprous hydroxide: CuNO, 4- H,O — CuOH -+ HNO,. This 
action is similar to that which takes place between water 
and other cuprous salts, with the exception of cuprous sulphate, 
which, according to Recoura (Compt. rend., 1909, 148, 1105), 
decomposes under similar conditions into cupric sulphate and metallic 
copper. 

If during the last stages of distilling off the solvent from the 
acetonitrile solution of cuprous nitrate a slow current of inert gas 
be passed through the distilling flask and continued for some little 
time after acetonitrile ceases to drop from the condenser, the residue 


will become distinctly green and contain particles of metallic copper. | 


If, however, the flow of gas be stopped as soon as distillation is 
complete, then the liquid residue will be quite free from colour and, 
on cooling to the ordinary temperature, will solidify to a mass of 
white crystals having the composition CuNO,,4CH,°CN. These 
crystals are colourless so long as they remain sealed up, but, on 
allowing air to enter, they immediately turn green. On passing an 
inert gas over them at the ordinary temperature, they change 
first to a pale yellow colour, then, very gradually, give rise to a 
dark green substance together with particles of metallic copper. 


It appears that, in an atmosphere saturated with acetonitrile, the | 


crystals are stable, but, when the vapour pressure of the atmospheric 
acetonitrile falls below a certain value, the “ acetonitrile of crystal- 
lisation ’’ is given off and the remaining cuprous nitrate decomposes 


thus: 2CuNO, = Cu(NOx,). + Cu. Colourless crystals having | 


the same composition as those mentioned above, namely, 


CuNO,,4CH,°CN, are more readily obtained in a pure state | 


by distilling off the acetonitrile from the solution under 
reduced pressure at the ordinary temperature, and then passing 
a slow current of inert gas for about a quarter of an hour over 


the crystals that have been gradually deposited as the solvent | 
evaporated (Found: in two specimens obtained in this way, | 


Cu = 21°70, 22°06. CuNO,,4CH,°CN requires Cu = 21-80 per cent.). 


Although the experiments referred to above indicate that | 
cuprous nitrate is not capable of existing alone, nevertheless a | 
further experiment was carried out, in which the most rigorous | 


precautions were taken to exclude air and moisture, and in which 


the decomposition temperature of the crystals was kept very low. | 
The various parts of the apparatus were all sealed together with | 
glass joints. The cuprous nitrate crystals were formed at 10° in | 
an atmosphere of hydrogen at 2 mm. pressure. That part of the | 
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apparatus containing the crystals was then immersed in ice and water 
at 0°, whilst the other part was cooled in liquid air. After six hours, 
the crystals had become green and particles of metallic copper were 
visible; acetonitrile had condensed in the colder bulb. 

It would seem impossible, therefore, for cuprous nitrate to be 
jolated. In the molecule CuNO,,4CH,°CN the four molecules of 
acetonitrile are apparently attached to the atom of copper in a 
tetrahedral arrangement, thereby protecting it from oxidation, or, 
in other words, preventing the transference of the second “ normally 
active ’’ electron of the copper atom from the latter to the acidic 
radicle. Or again, it might be expressed, according to Werner's 
theory, as a case where one of the principal valencies of copper is 
temporarily suppressed by the activity of four auxiliary valencies 
of that metal. The mere removal of these four molecules of aceto- 
nitrile, which, it would appear, are not held very tenaciously, 
causes the second principal valency of the copper atom to become 
active, entailing, in this case, a redistribution of the valency electrons 
amongst the copper atoms themselves, as there are no neutral acidic 
radicles present. Thus: 


+ ~ ++ = 
2[Cu(CH,*CN),NO,]= 4CH;CN + Cu(NO,), + Cu. 


In the case, however, where oxygen is presented to the molecule 
(uNO,,4CH,°CN, the second principal valency of the copper atom 
is immediately called into play, the activity of four auxiliary 
valencies being insufficient to prevent the transference of an electron 
from the copper atom to the oxygen atom, or hydroxyl group. 
Thus : 


H,O + 0+ ofCu(CH,ON )sNO.] = 2[Cu(OH)NO,,4CH,"CN]. 
Colourless. Green. 

The above suggestions would seem to account for the observations 
that the colourless crystals become green, but only slowly and 
with simultaneous formation of metallic copper, when the pressure 
of acetonitrile in the atmosphere above them is kept very low, 
whereas the presence of air produces a green compound immediately 
and yields no free copper. 

The fact that dilute solutions (N/10 or weaker) of this salt in 
acetonitrile can be kept for many hours in free contact with the air, 
without showing signs of oxidation, may perhaps be partly due to 
the slight solubility of oxygen in acetonitrile. On the other hand, 
it may be ascribed to further solvation of the copper atom as the 
active mass of solvent is increased. In this connexion, it is note- 
worthy that strong solutions of this salt are less stable in contact 
with the air than those that are more dilute. Thus it was found 
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impossible to use, in the ordinary way, solutions of concentration 
N/4 or N/5 for the determination of some of their physical proper. 
ties, which were determined for solutions of N/10 strength and 
downwards with comparative ease and accuracy. Further, the 
stronger solutions became blue within a quarter of an hour after 
filtering from excess of copper. 

It is well known that the valency of an element, that is, its normal 
or principal valency, is dependent on physical conditions such as 
temperature and pressure, but that such valency may be dependent 
also on the solvent does not appear to have been remarked 
upon.* 

There seems no doubt, however, that when acetonitrile is used 


as a solvent for salts of copper, the reaction Cu + Cu = 2Cu takes 
place rapidly and proceeds to completion. In other words, copper 
behaves as a stable univalent element towards its salts in solution 
in acetonitrile. This is further illustrated by what follows. 

Cuprous Chloride.—Anhydrous cupric chloride dissolves fairly 
readily in acetonitrile, giving, in solutions of about \/10 strength, 
a golden-yellow solution. A N/10-solution, when shaken with 
excess of copper powder in an atmosphere of nitrogen, becomes 
colourless in about half an hour. This solution is not quite so stable 
in the air as the V/10-solution of cuprous nitrate, but it can be 
filtered in the usual way, transferred from one vessel to another, 
and will remain bright and colourless for about an hour in a loosely 
covered flask. 

Evaporation of the solvent from this solution, in absence of air, 
yields colourless crystals having a composition represented by the 
formula CuCl,CH,°CN. 

This compound has been described previously by Naumann 
(Ber., 1914, 47, 247) and by Rabaut (Bull. Soc. chim., 1898, [iii], 19, 
786). In both cases, however, the compound was prepared from 
cuprous chloride which had been made previously to bringing it in 
contact with acetonitrile. Naumann states that his solution 
developed a greenish-brown turbidity in one or two minutes. He 
is probably referring, however, to stronger solutions than N/10, 
or, alternatively, moisture must have been present. 

Cuprous Bromide.—Anhydrous cupric bromide dissolves readily 


* Werner (Z. anorg. Chem., 1897, 15, 5) mentions that, when added to 
pyridine, mercurous chloride immediately decomposes into soluble mercuric 
chloride and metallic mercury, the latter being precipitated. The same author 
(““ New Ideas on Inorganic Chemistry,” p. 64) states that when iron is com- 
bined with 3 mols. of «-phenanthroline or 3 mols. of a-dipyridyl, it passes 
with very great ease into the bivalent condition, and, under these conditions, 
tervalent iron can only be retained by very cautious work. 
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in acetonitrile, giving a dark greenish-brown solution. Shaken with 
copper powder in an atmosphere of nitrogen, this solution (of about 
N/10 strength) becomes colourless in about an hour. The stability 
of the filtered solution when in contact with the air is almost the 
same as that of cuprous chloride mentioned above. Evaporation 
of the solvent from this solution, in absence of air, yields glistening, 
white crystals having a composition represented by the formula 
(uBr,CH,°CN. 

That the number of molecules of acetonitrile combined with 
one atom of copper is much higher in the cuprous nitrate salt than 
in the cases of the chloride and bromide just described, is probably 
accounted for, in part at all events, by there being greater associa- 
tion of the cuprous chloride or bromide molecules than is the case 
with cuprous nitrate. Indication has been obtained, from electrical 
measurements, that in solutions of as high a dilution as N/100, or 
still higher, the cuprous chloride and bromide molecules are, for the 
most part, associated, whilst under similar conditions cuprous 
nitrate is dissociated. In such associated molecules the auxiliary 
valencies of the copper atom would be less free to combine with 
extra molecules of solvent. 

Solutions of these cuprous salts in acetonitrile give ionic reactions 
comparable with those which take place in aqueous solutions of 
ordinary salts. For example, a N/2-solution of silver nitrate was 
added to a N/10-solution of cuprous bromide, the silver nitrate being 
in slight excess of that required to react completely with the cuprous 
bromide. <A strictly quantitative precipitation of silver bromide 
was proved to have occurred. 

Approximately N /10-solutions of cuprous nitrate and of potassium 
iodide, respectively, were mixed. A white, finely granular precipi- 
tate was immediately thrown down, but the solution remained 
turbid until excess of potassium iodide was added, when, on shaking, 
the precipitate immediately coagulated and quickly settled to the 
bottom of the flask. The precipitate, after being washed with 
acetonitrile and dried, proved to be pure potassium nitrate, whilst 
the residue obtained by distilling off the solvent from the filtrate 
contained cuprous iodide and was free from nitrate : 


CuNO, + KI = Cul + KNO,. 


A solution of anhydrous cadmium nitrate in acetonitrile was 
electrolysed, a copper anode and a platinum cathode being used. 
The current was allowed to pass until all the cadmium had been 
deposited. The solution remained colourless throughout, and, 
on distilling off the solvent, pure crystals of CuNO;,4CH,°CN were 
obtained. 
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Determination of the Electro-chemical Equivalent of Copper in the 
Acetonitrile Solution of Cuprous Nitrate—The copper voltameter 
was arranged in a weighing bottle, 6 cm. high and 3 cm. in diameter; 
the copper was estimated by using a copper-plated platinum anode, 
The weight of copper coating on the platinum was obtained by 
placing a silver voltameter in the circuit containing the copper. 
plating bath. After the passage of the current through the aceto- 
nitrile solution of cuprous nitrate, the copper-plated platinum anode 
was washed and the remaining copper dissolved off in nitric acid 
and estimated by means of potassium iodide and sodium thio. 
sulphate, which had been standardised against pure copper. In 
this way errors due to oxidation of the copper were eliminated, 
The quantity of electricity passing was accurately measured by 
means of a small silver voltameter in which the silver was deposited 
as firmly adherent crystals. The following results are typical of 
those obtained in three separate experiments, using cuprous nitrate 
solutions of different strengths varying from N/10 to N/50: 

(A) Electroplating platinum for use as anode : Silver deposited = 
0:2326 gram, equivalent to 0-06850 gram of copper. 

(B) Acetonitrile solution in circuit: Silver deposited = 0-0832 
gram (approx. 0-007 amp. for 3}‘hours). 

The weight of copper remaining on the anode was 0-01958 gram, 
and the copper dissolved from the anode was 0-06850—0-01958 = 
0-04892 gram. 

Therefore ratio of silver to copper = U-0832 : 0-04892 or 107-9 : 63-46. 

Clearly, therefore, metallic copper, in the presence of acetonitrile, 
goes into solution in the form of univalent ions, and, so long as oxygen 
is not present, these ions exhibit no tendency to become bivalent. 

Cuprous Nitrate and Succinoniirile—That the above behaviour 


of acetonitrile is connected with the presence of the unsaturated ON | 


radicle needs no emphasising, but it was thought worth while to 
try to prepare, in @ similar manner, a compound containing cuprous 
nitrate and succinonitrile. As was expected, a colourless compound, 
CuN0O ;,2C,H,(CN)., was obtained [Found : Cu = 21:53; N = 23:63. 
CuNO ;,2C,H,(CN), requires Cu = 22-11; N = 24-47 per cent.]. 
The succinonitrile was prepared from ethylene dibromide and 
potassium cyanide by Fauconnier’s method (Bull. Soc. chim., 18838, 
[ii], 50, 214). After a second distillation under reduced pressure, 
the product distilled at 151°/16 mm. within 0-5°. Silver nitrate very 
readily dissolved in this substance at 60° and, on the addition of 
copper powder to the solution, a rapid deposition of black spongy 
silver took place, whilst the solution remained colourless. After 
standing for two hours, the mixture was filtered (at 60°), the residue 
washed with alcohol and ether, and the remaining mixture of copper 
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and silver estimated. The following results showed that the silver 
had been completely replaced by univalent copper: Initial weights 
of silver nitrate and copper = 0-328 and 0-2762 gram, respectively. 

Final weights of copper and silver = 0-1550 and 0-2080 gram 
(equivalent to 0-327 gram of silver nitrate). 

Ratio of silver to copper = 107-9 : 63-02. 

The filtrate, which was colourless, was extracted several times 
with a mixture of ether and alcohol. This dissolved the succino- 
nitrile which had acted as the solvent, leaving a comparatively 
small quantity of colourless liquid as a lower, heavier layer. The 
latter was warmed in the steam-oven for a few minutes until it 
ceased to smell of ether. On cooling, it solidified to a colourless, 
crystalline mass which had the composition given above, that is, 
(uNO,,2C,H,(CN)s. 

This compound is practically stable in the air, and may be weighed 
on an open watch-glass. It may be kept in an ordinary stoppered 
bottle for many months without decomposing, and shows only the 
very slightest green coloration after several years’ storage in the 
same way. It dissolves readily in water and the precipitation of 
yellow hydrated cuprous oxide from this solution takes place 
comparatively slowly. 


The experiments described in this communication formed a 
part of a more extended investigation carried out several years ago 
at the Imperial College of Science and Technology. The author 
wishes to thank Professor J. C. Philip for the kind interest he took 
in the work and for placing the resources of his laboratory at the 
author’s disposal. 

REVELSTOKE, SLOUGH. [Received, February 28th, 1923.] 


CCCXLIII.—Derivatives of Thionaphthacoumarin. 
By Samvet Suites and Lus“tiz Rate Harr. 


PREVIOUS experiments with the sulphuric acid solutions of 2-thiol- 
benzoic acid or of 2 : 2’-dithiobenzoic acid have shown that 3-oxy- 
(1)thionaphthen or its derivatives are formed from these in presence 
of substances containing the diketomethylene group. It has been 
further shown that the reactions may be interpreted as the con- 
densation of the hypothetical sulphenic acid with the methylene 
group of the substances in question : 


CO-OH H 


ss Yd 
‘$:OH H COR -§— ‘SCOR 
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Reactions of this type have been observed with ethyl malonate, 
ethyl acetoacetate, acetylacetone, benzoylacetone, acetonedicarb. 
oxylic acid, and malonic semi-aldehyde and in none of these cases 
has the oxythionaphthen derivative (for example, I) containing the 
two carbonyl groups been isolated ; one at least of these was always 
removed by hydrolysis at some stage of the process, whilst under 
more severe conditions 3-oxy(l)thionaphthen itself has been 
observed. It may be here mentioned that the product from 
dibenzoylmethane has been stated to be (T., 1915, 107, 1378) the 
2 : 2-dibenzoyl-3-oxythionaphthen; but re-examination of the 
material has shown that this is incorrect, and the matter will be 
referred to in a subsequent communication. This type of reaction 
appears to be of a general nature and it seemed desirable to examine 
the behaviour of other substances containing a labile methylene 
group of different character. 

In the experiments now described, the case of glutaconic acid 
and a few of its derivatives has been investigated. Since this 
reaction appears to be concerned with the methylene tautomerides 
of the substances quoted in illustration, the successful application 
to the glutaconic acids seemed doubtful, for Thorpe and his col- 
laborators have shown that the methylenic forms of these substances 
are extremely labile, although substitution at the $-carbon atom of 
the system tends to confer stability on them. For this reason, the 
first substances to be examined were aconitic acid and §-chloro- 
glutaconic acid. These acids very readily undergo the condensation 
with 2-thiolbenzoic acid, giving the corresponding 4-carboxy- and 
4-chloro-derivatives of the thionaphthacoumarin (II and III) in 
65—70 per cent. of the amount required by theory. Glutaconic 
acid gave the parent coumarin (IV), but, as might be expected 
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from the greater instability of the methylene form of the unsub- 
stituted acid, the yield was much smaller than in the foregoing 
cases. 

The constitution (II) assigned to the product obtained from 
aconitic acid is inferred from the following considerations. The 
substance, like all the members of this group, yields “ thioindigo ” 
when treated with alkaline oxidising agents, a fact which indicates 
that condensation of the 2-thiobenzoyl group has taken place with 
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the terminal atom of the three-carbon system, leading at first to 
the arrangement (V). Direct titration of the product with sodium 


CO CO-OH —C-OH CO,H 
(V.) CHC Sof ar CHAK ae ™ (V1.) 
S/ C:CH-CO,H Nat 
CO,H ; 


hydroxide shows that two of the carboxyl groups of aconitic acid 
have been eliminated, one evidently being removed as carbonic 
acid from the 2-position, as commonly observed in all the syntheses 
of this type hitherto examined. The view that the y-carboxyl 
group has become involved in forming the lactone group of a 
coumarin is supported by the fact that titration after treatment 
with excess of sodium hydroxide indicates the liberation of a second 
carboxyl group by this reagent. Moreover, the ease with which 
the thionaphthacoumarin arrangement is formed from a system of 
this type (VI) perhaps needs no comment, but it has been demon- 
strated in the case of the formation of the 4-hydroxy-derivative (IX) 
from acetonedicarboxylic acid and 2-thiolbenzoic acid (T., 1921, 
119, 1810). Also the substance may be sublimed without loss of 
carbon dioxide, thus exhibiting the stability which is to be expected 
(von Pechmann and Kraft, Ber., 1901, 34, 422; Stuart, T., 1886, 
49, 367) of a coumarin-4-carboxylic acid. Final confirmation of 
the structure assigned to this substance (II) has been obtained by 
its synthesis from oxymaleic acid and 3-oxy(1)thionaphthen, an 
extension of the usual von Pechmann synthesis which has already 
heen applied to «-naphthol (Bartsch, Ber., 1903, 36, 1968), giving 
ethyl naphthacoumarin-4-carboxylate. The constitution of the 
4-chloro-derivative (III), which is formed from £-chloroglutaconic 
acid and 2-thiolbenzoic acid, follows from its relations to 4-hydroxy- 
thionaphthacoumarin (IX), the structure of the latter having been 
independently proved (T., 1921, 119, 1813). The chloro-derivative 
is formed when the latter is treated with phosphorus halides. 
Moreover, when the 4-hydroxythionaphthacoumarin is heated with 
aniline the 4-anilino-derivative is formed and this (VII) is identical 
with the product obtained from the chloro-compound and aniline 
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under similar conditions. The product yielded by glutaconic and 
2-thiolbenzoic acids is evidently the parent thionaphthacoumarin 
VOL, CXXIII. on 
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(IV), for it may also be obtained by heating the silver salt of the 
4-carboxy-derivative, the reaction being closely analogous to that 
observed by von Pechmann and Kraft (loc. cit.) in the formation of 
coumarin from coumarin-4-carboxylic acid. Thionaphthacoumarin 
is also readily formed by the mild reduction of 4-chlorothionaphtha. 
coumarin. Thus the relations between these members of the group 
have been completely established. It may be mentioned that in 
the foregoing reactions close analogy between these substances and 
the corresponding derivatives of the benzocoumarin series appears 
to exist, for Anschutz (Annalen, 1909, 367, 200) has shown that 
benzotetronic acid is converted by phosphorus halides into the 
4-chlorocoumarin, which by reduction yields coumarin. Moreover, 
4-anilinocoumarin may be obtained from either the 4-chloro-deriy- 
ative or from benzotetronic acid (Anschutz, loc. cit.). 

For the preparation of the pure 8-chloroglutaconic acid used in 
some of these experiments the excellent method of Ingold and 
Nickolls (T., 1922, 121, 1642) was followed. Experiments with 
the product of von Pechmann’s process (Ber., 1887, 20, 145) fully 
confirm the opinion of these authors concerning the impurity of the 
material obtained. When this was submitted to condensation with 
2-thiolbenzoic acid, mixtures of chlorothionaphthacoumarins were 
always obtained which varied in composition according to slight 
changes in the conditions of preparation of the chloroglutaconic 
acid. In the majority of these experiments the 4-chlorothio- 
naphthacoumarin was isolated together with a dichlorocoumarin 
(VIL) which increased in amount if the conditions of reaction in 
preparing the chloroglutaconic acid had been intensified. With 
regard to the structure of the dichloro-derivative, it is evident that 
the halogen must be situated in the coumarin complex and either 
at carbon atoms 3 and 4 as indicated (VII), or as the arrangement 
~CCl,-CH,-. Since the action of aniline removes only one halogen 
atom, giving a chloroanilino-derivative, it is clear that the former 
alternative is to be preferred. 

Finally it may be remarked that the reactions of glutaconic acid 
and its derivatives here recorded are not exhibited by either itaconic 
or citraconic acid, and it is interesting to notice that m-thiolbenzoic 
acid, whilst capable of union with the aromatic nucleus under 
these conditions (T., 1922, 121, 2509) like the ortho-compound, 
does not condense with acids of the glutaconic series nor indeed 
does it show reaction with acetylacetone or other substances of that 
type. 

EXPERIMENTAL. 

Thionaphthacoumarin-4-carboxylic Acid (Il).—(a) A mixture of 
2-thiolbenzoic acid (5 grams), aconitic acid (8 grams), and concen- 
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trated sulphuric acid (50 c.c.) was kept at 25° for half an hour and 
continually shaken. The red solution was then poured over crushed 
ice, the solid material which separated being collected and 
thoroughly washed with water. ‘he product (5-5 grams) was 
purified with the aid of charcoal and by crystallisation from acetic 
acid. 

(b) Equivalent quantities of 3-oxy(1)thionaphthen and hydroxy- 
maleic acid were mixed and added to 73 per cent. sulphuric acid. 
The mixture was kept at 50—60° for half an hour and then added 
to crushed ice. The product which separated was isolated and 
purified as in the foregoing preparation. It was found to be identical 
with the substance obtained from aconitic and 2-thiolbenzoic acids. 

Thionaphihacoumarin-4-carboxylic acid forms bright yellow needles 
which melt at 285° and sublime when heated in a vacuum. The 
substance is sparingly soluble in most cold organic media; these 
dilute solutions exhibit a green fluorescence, that of the ethereal 
solution being particularly intense. It is readily converted into 
“thioindigo ’’ by a warm ammoniacal solution of silver nitrate or 
by a warm alkaline solution of ferricyanide (Found: C = 58:3; 
H=26; S=13-2. C,,H,0,S requiresC = 58-5; H=2-5; S= 
13-0 per cent.). The substance may be directly titrated in alcohol 
by N/10-alkali [Found: equivalent = 245. C,,H;0,8-CO,H re- 
quires equivalent = 246. Found: after addition of excess of 
NV /10-alkali hydroxide and estimation of the amount of this remain- 
ing uncombined, equivalent = 139. C,),H;S(OH)(CO,H), requires 
equivalent == 132]. 

Thionaphthacoumarin (IV).—(a) A mixture of glutaconic acid 
(10 grams), 2-thiolbenzoic acid (11 grams), and concentrated 
sulphuric acid (100 c.c.) was kept at 40° for three-quarters of an 
hour and frequently shaken. When cold, the purple solution was 
treated with ice, the solid which separated was collected, washed, 
and treated with a solution of sodium carbonate, and the residue 
(45 grams; 30 per cent. of the theoretical yield), after treatment 
with charcoal, was recrystallised from alcohol or acetic acid. T'hio- 
iaphthacoumarin wes thus obtained in pale yellow needles which 
melted at 176° and sublimed when heated in a vacuum. The 
substance is moderately soluble in the usual organic media, the 
solutions exhibiting a violet fluorescence. It is readily converted 
into ‘ thioindigo”’ by a warm alkaline solution of a ferricyanide 
(Found: C = 65:2; H=3-1; S= 15-8. (C,,H,O,S requires C = 
65:3; H = 3-0; S = 15-8 per cent.). 

(6) A cold saturated solution of 4-chlorothionaphthacoumarin in 
alcohol was treated with zine dust and a few drops of hydrochloric 
acid. The mixture was kept for twelve hours and then, after the 
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greater part of the solvent had been evaporated, the dissolved 
material was precipitated by the addition of water. This product 
was purified in the usual manner. It melted at 176° whether 
heated alone or with thionaphthacoumarin from other sources. 

(c) A dried sample of the sparingly soluble silver salt of thio. 
naphthacoumarin-4-carboxylic acid was heated in a vacuum. The 
sublimate of long, yellow needles was identified as thionaphtha- 
coumarin by comparison with the products of the foregoing methods 
of preparation. 

4-Chlorothionaphthacoumarin (III).—A mixture of 2-thiolbenzoic 
acid (10 grams), chloroglutaconic acid (11 grams; prepared by the 
method of Ingold and Nickolls, loc. cit.), and concentrated sulphuric 
acid (100 c.c.) was kept at 40° and frequently shaken for three- 
quarters of an hour. The solid product, which was isolated in the 
usual manner, was treated with aqueous sodium carbonate to remove 
any unchanged thiolbenzoic acid. From the crude product (10 grams; 
about 65 per cent. of the theoretical yield), after recrystallisation 
from hot alcohol or sublimation in a vacuum, 4-chlorothionaphtha- 
coumarin was obtained in pale yellow prisms which melted at 173° 
(Found: C= 556; H=2-0; Cl=14:9; S= 13-7. C,,H,;0,CIS 
requires C= 55:3; H=2:1; Cl=150; S = 13-5 per cent.). 
The dilute solution in chloroform exhibits a green fluorescence. 
“ Thioindigo ’’ may be obtained from the substance by the usual 
reagents. The same compound was isolated from the product 
obtained by condensing 2-thiolbenzoic acid with the impure chloro- 
glutaconic acid prepared by the method of von Pechmann and 
Burton (loc. cit.). The experiment is described in a subsequent 
paragraph. It may also be obtained in small quantity by the 
regulated action of phosphorus halides with 4-hydroxythionaphtha- 
coumarin. Thus an excess of phosphorus pentachloride was added 
to a solution of the 4-hydroxycoumarin in phosphoryl chloride at 
75°. This temperature was maintained for half an hour. The 
solid that separated from the cooled mixture was treated with 
aqueous sodium carbonate and dried before being sublimed in a 
vacuum. The product, which was obtained in small yield, was 
identified with the substance prepared from chloroglutaconic acid. 

4-Anilinothionaphthacoumarin (VII).—(a) The 4-chloro-derivative 
was treated with aniline (2 mols.) at 150° for an hour and a quarter. 
The cooled mixture was triturated with dilute hydrochloric acid, 
the insoluble residue being then collected and purified by crystallis- 
ation from hot alcohol, in which it was sparingly soluble. The 
anilino-derivative was thus obtained in small needles which melted 
at 281° (Found: N= 5-0. C,,H,,0,NS requires N == 4-8 per cent.). 


(b) A mixture of 4-hydroxythionaphthacoumarin with aniline (2 
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mols.) was kept at 180° for one hour. After the excess of aniline 
and unchanged hydroxy-compound had been removed, the residue 
was purified as in the foregoing preparation. The product melted 
at 281° and was identified in the usual manner. 

3: 4-Dichlorothionaphihacoumarin (VIII).—In the first series of 
experiments made on the condensation of 2-thiolbenzoic acid with 
chloro-derivatives of glutaconic acid, the “ chloroglutaconic acid ” 
prepared by the method of von Pechmann and Burton was used as 
the latter component. Excellent yields of the coumarin product 
were obtained; but in many experiments this was found to be a 
mixture in which a dichloro-derivative very greatly preponderated, 
whilst in others, where the chloro-acid used had been prepared by 
prolonged or intensified action of the phosphorus halide with 
acetonedicarboxylic ester, the dichlorocoumarin appeared to be the 
sole product. From a chloro-acid of this character the dichloro- 
coumarin was obtained in the following manner. A mixture of 
2-thiolbenzoic acid (10 grams), ‘‘ chloroglutaconic acid ”’ (19 grams), 
and concentrated sulphuric acid (100 c.c.) was kept at 30—35° for 
one hour and constantly shaken. After isolation in the usual 
manner and treatment with aqueous sodium carbonate, the product 
(17 grams; 96 per cent. of the theoretical yield) was purified by 
crystallisation from acetic acid, when the dichloro-coumarin was 
obtained in pale yellow needles which melted at 206° and readily 
sublimed when heated in a vacuum. Solutions of the substance in 
organic media exhibit a violet fluorescence (Found: C = 48-8; 
H = 1-5; Cl= 26-0; S = 12-0. C,,H,0,C1,S requires C = 48-7; 
H = 1-5; Cl = 26-1; S = 118 per cent.). 

In experiments where the chloro-acid had been prepared under 
less intense conditions, the product consisted of a mixture from 
which the foregoing dichlorocoumarin, being the least soluble 
material present, was easily isolated by fractional crystallisation. 
From the mother-liquors of these crystallisations small amounts 
of a monochloro-derivative were isolated; this was found to be 
identical with the 4-derivative prepared from the pure chloro- 
glutaconic acid of Ingold and Nickolls. In all experiments where 
mixtures of chloro-derivatives were obtained the monochloro- 
compound was present only in quite small quantity. 

3-Chloro-4-anilinothionaphthacoumarin was prepared from the 
dichlorocoumarin by the action of excess of aniline at 260° for one 
hour. The product after purification from alcohol formed feathery 
needles which melted at 229° (Found : Cl =: 11-0; S = 10-1; N = 4°39. 
C,,H,9O,NCIS requires Cl = 10-8; S = 9-8; N = 4-28 per cent.). 


Kinq’s CottEcr, Lonpon. [ Received, October 12th, 1923.] 
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CCCXLIV.—The Melting-point (Solidus) Curve for 
Mixtures of Potassium Nitrate and Sodium Nitrate. 


By Waurer Matrruew Mapern and Henry Vincent Atrp 
BRISCOE. 


Durtne the determination of the freezing-point curve for mixtures 
of potassium nitrate and sodium nitrate previously reported (Briscoe 
and Madgin, this vol., p. 1608), it became apparent that the points 
on the solidus curve determined by Hissink (Z. physikal. Chem., 
1900, 32, 537) were open to some doubt. 

It was therefore decided to apply the method then worked out 
to determine a sufficient number of points to permit a reasonably 
accurate location of the complete solidus or melting-point curve. 

This determination seemed the more desirable in that it could 
afford important confirmation of our former conclusion that the 
freezing-point curve is continuous. We are indebted to Professor 
Bruni for directing our attention to a note published by Amadori 
(Atti R. Istituto Veneto Sci., 1912, 72, 451), which apparently has 
not been abstracted in the English, American, or German journals, 
and thus escaped our notice. 

This note reports the determination of the freezing points of 
seventeen mixtures of potassium nitrate and sodium nitrate with 
results essentially in agreement with those of Carveth (J. Physical 
Chem., 1898, 2, 209) plotted in our previous paper (Briscoe and 
Madgin, loc. cit., p. 1609). Amadori plots his data by means of a 
continuous curve but, as Carveth deduced a discontinuous curve 
from a very similar set of data, Amadori’s evidence for the continuity 
of the curve can scarcely be regarded as conclusive, and is much 
strengthened by our numerous determinations of freezing points in 
the neighbourhood of the minimum, and by the determination of 
the solidus curve now reported. 


EXPERIMENTAL. 


In order to determine the composition of the various solid phases 
in equilibrium with the molten mixtures synthetically prepared, the 
apparatus already described and illustrated (Briscoe and Madgin, 
loc. cit., p. 1614) was employed, with one slight modification. It 
was found that mixtures containing relatively large amounts of 
sodium nitrate gave crystalline deposits which were not adherent 
to smooth glass tubes. For such mixtures, therefore, the tube 
@ (Fig. 3, loc. cit.) was provided with annular indentations in which 
the rings of crystals were deposited and retained on lifting the tube. 
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Separation and analysis of the solid and liquid phases were in all 
cases effected in the manner previously described. 


TABLE I, 


Composition of solid and liquid phases in equilibrium in mixtures 
of potassium and sodium nitrates. 


(Liquid phase 
\Solid phase ... 
{Liquid phase 
| Solid phase ... 
{Liquid phase 
\Solid phase... 


* Data previously reported (Briscoe and Madgin). 


Potassium nitrate KNO, (per cent.). 


19°1 
15°0 
38°5 
35°2 
59°9 
62°9 


201 225 26'1 
173 184 223 
40°6 44:4 46°8 
37°7 42:3 43-0 
65°25 65°5 70-4 
69:0 70-0 75°1 


27°5 
23°2 
(50:1) 
(48°5) * 
750 
79°8 


32° 
29° 
54 
5: 
8 
8: 


5 
5 
9 
“2 
‘0 
5 


ce oe 


34°5 
31:0 
(57°75) 
minimum (59°25)* 
85°6 + 90°4 
90°7 93°4 


+ Points approximating most closely to the mean location of Hissink’s 
determinations of poimts on the solidus curve. 


Fia. 1 


Fusion diagram for potassium and sodium nitrates. 
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The results for twenty new points and for two already determined 


are given in Table I and plotted in Fig. 1, together with the freezing- 
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point curve. The data indicate a smooth solidus curve passing 
continuously through the minimum of the liquidus curve, but lying 
at all points much closer to the latter than had been anticipated 
from the location of Hissink’s points. 

Thus the equilibrium diagram for potassium and sodium nitrates, 
at temperatures above the transition point of potassium nitrate, is 
of Roozeboom’s type III (Z. physikal. Chem., 1899, 30, 385) and 
affords a good and easily attained example of that type. 

During the experiments with the mixture of minimum freezing 
point it was observed that, in sharp contrast with all other mixtures 
examined, the crystals formed a transparent, glassy mass almost 
indistinguishable from the liquid. They retained this appearance 
on cvoling to the ordinary temperature and, in a desiccator, remained 
unchanged for twenty-four hours. 

On exposure to moist air for an hour or so or on standing for more 
than twenty-four hours in a desiccator, the crystals became white 
and opaque. Hissink (loc. cit.) and Amadori (loc. cit.) have observed 
a lowering of the transition temperature of potassium nitrate by 
admixture with sodium nitrate, but the behaviour of the mixture 
of minimum melting point suggests that the lowering may be greater 
than those observers have supposed. Further experiments are 
projected on this point. 


A great part of the experimental work in connexion with this 
note has been carried out by Messrs. E. E. Aynsley and S. Peat, 
whose assistance the authors now desire to acknowledge. 


UNIVERSITY OF DURHAM. 
ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. (Received, September 15th, 1923.1 


CCCXLV.—Piperitone. Part VI. The Reduction of 
Piperitone. 


By ReetnaLp StaTeR HueuEspon, Henry Grorce Situ, 
and Joun Reap. 


PRELIMINARY investigations dealing with the action of reducing 
agents on dl-piperitone have shown that in a moist ether—alcohol 
solution it is readily converted by sodium amalgam into a bimolecular 
ketone, Cy9H;,0, (Baker and Smith, ‘‘ A Research on the Eucalypts,” 
2nd ed., Sydney, 1920, p. 393), whilst by hydrogenation in the 
presence of finely divided nickel its conversion into menthone has 
been reported (Smith and Penfold, J. Proc. Roy. Sec. N.S. Wales, 


PIP 


1920, 
duct § 
tion y 
mentl 
Little 
accor 
Up 
sodiu! 
a cry 
presu 
eithe1 
with 
of 180 
prom. 
219— 
gave 
loc. ¢ 
1913, 
3-one 
prod 
isome 
Ov 
the i 
ment 
furth 
capa 
in th 
at t 
insta 
exal 
isom 
usin; 
atior 
occu 
palle 
of re 
Thu 
[«}i 
havi 
acti 
in di 
deri 
190! 
rota 


PIPERITONE. PART VI. THE REDUCTION OF PIPERITONE. 2917 


1920, 54, 40). Since, in the latter instance, the hydrogenated pro- 
duct gave a semicarbazone melting at 156° and upon further reduc- 
tion yielded a menthol melting at 34°, it was assumed to consist of 
menthone rather than of isomenthone (compare Pickard and 
Littlebury, T., 1912, 101, 109): this assumption, however, does not 


te accord with the results of the present investigation. 
ae Upon reducing dl-piperitone directly to menthol by means of 
sodium and alcohol, we have been able to isolate without difficulty 
ving | * crystalline menthol melting at 39—41°, and thus consisting 
in presumably of an isomenthol. The ketone obtained by oxidising 
om either this crystalline tsomenthol or the accompanying liquid product 
nee With chromic acid appeared to consist mainly, or perhaps wholly, 
neq @ of isomenthone : it yielded a mixture of semicarbazones, the most 
prominent of which was a sparingly soluble substance melting at 
Lore § 219--220°. isoMenthone from the catalytic reduction of thymol 
hite @ geve & semicarbazone melting at 217° (Pickard and Littlebury, 
“el loc. cit.), whilst the “‘7-menthone ” obtained by Wallach (Annalen, 
by § 198, 397, 217) by the hydrogenation of synthetic A1-p-menthen- 
ure f oone gave a semicarbazone melting at 210—212°. The three 
ter | products evidently contained a common derivative, characteristic of 
ae isomenthone, which we now term dl-isomenthone-«-semicarbazone. 
Owing to rapid racemisation of optically active piperitone in 
the initial operation, it was not possible to produce optically active 
his | Menthols or menthones by the above method. In the course of 
at, further investigations, however, di-piperitone was found to be 


capable of ready hydrogenation, under carefully defined conditions, 
in the presence of either colloidal palladium or finely divided nickel, 
at temperatures of about 25° and 180°, respectively. In both 
instances, the product, of which a more detailed stereochemical 
examination is in progress, appeared to consist essentially of dl- 
isomenthone. Very interesting results were then obtained by 
using the two optically active forms of piperitone in these hydrogen- 
of ation processes. In the case of nickel at 180°, partial racemisation 
‘ ff occurred during the process (compare this vol., p. 2269), but with 
palladium at the ordinary temperature optically active csomenthones 
of reversed and somewhat enhanced rotatory powers were produced. 
Thus, /-piperitone having [«]j’ — 51°53° gave d-isomenthone having 
fa} + 65:14°, whilst from d-piperitone a specimen of /-isomenthone 


n 
. having [a]; — 63-64° was prepared. The corresponding optically 
ar | active tsomenthols, obtained by further reduction, will be described 


» f induecourse. With the exception of a preparation of d-isomenthone 
ne | derived in an indirect way from /-menthoneoxime (Beckmann, Ber., 
1909, 42, 846), these specimens appear to possess the highest optical 
rotatory powers yet recorded for tsomenthone, and the present 
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investigation probably affords the most definite correlation available 
between the optically active and inactive forms of this ketone, 
The physical data observed for the three forms derived from 
piperitone are summarised below : 


Boiling point. di?’ (vac.). nj. [Rr]o. [a]. 


dl-isoMenthone (ex 


solid menthol) ...... 89—90°/15 mm. 0°8982 1°4520 46°31 — 
dl-isoMenthone (ex 

liquid menthol) ... 89—90°/15 mm. 0°8980 1:4522 46°34 — 
di-isoMenthone (Pd 

WOOEMOO) seescccesves 88—90°/14 mm. 0°8995 1:4527 46°28 — 
d-isoMenthone ......... 93°5—95°/19 mm. 0°8955 1°4530 46°51 + 65:14° 
l-isoMenthone ......... 95—100°/18 mm. 0°8995 1°4537 46°37 — 63-64 


Catalytic hydrogenation of piperitone at pressures up to 20 
atmospheres, both in the presence of finely divided nickel at 140° 
and of colloidal palladium at the ordinary temperature, led to 
results very similar to those recorded above. In no instance was 
menthol produced. Preliminary experiments dealing with the 
electrolytic reduction of piperitone, in an acid or alkaline electrolyte, 
resulted mainly in the formation of the bimolecular ketone. The 
direct conversion of piperitone into menthol by catalytic hydrogen- 
ation or by electrolytic reduction thus appears to be impracticable 
under the conditions so far investigated. 

Further investigations are in progress concerning the reduction 
of piperitone; in addition, attention is being devoted to the 
chemical and stereochemical relationships of the above-mentioned 
derivatives of piperitone and related substances (compare J. Proc. 
Roy. Soc. N.S. Wales, 1922, 56, 170). 


EXPERIMENTAL. 
The Reduction of Piperitone with Sodium and Alcohol. 

Pure dl-piperitone (40 grams), prepared as described in earlier 
communications (J. Soc. Chem. Ind., 1923, 42, 339 T.; this vol., 
p- 2270), was dissolved in absolute alcohol (450 c.c.) and reduced 
with sodium (50 grams) on the water-bath, in the usual manner. 
After about 45 minutes the original deep red colour had disap- 
peared, and the resulting pale yellow solution was cooled, diluted 
with ice-water, and carefully neutralised with hydrochloric acid. 
The mixture was extracted twice with ether, the combined extracts 
being then washed with water and dried over sodium sulphate. 
After the ether had been distilled off, the residual crude menthol 
was purified by fractional distillation under diminished pressure. 
The bulk of the product passed over at 102—108°/18 mm. (29 grams) 
and the fraction distilling at 105—108°/18 mm. (8 grams) crystallised 
spontaneously after keeping for three days, forming a mass of long 
needles. 
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In further preparations, the crude menthol obtained from 120 
grams of dl-piperitone yielded the following fractions when sub- 
mitted to three consecutive distillations under 17 mm. pressure: 
90—100° (21 grams), 100—102° (28 grams), 102—103° (22 grams), 
103—104° (3 grams), 104—106° (8 grams). The yellow colour of 
the original crude product was eliminated during this process. 
The last three fractions crystallised on cooling. From the fraction 
distilling at 104—106°/17 mm. the crystalline menthol was separated 
by pressing between sheets of absorbent paper, but with the other 
two fractions it was found preferable to drain the cooled material 
in a cold centrifuge or filter. After such treatment, the menthol 
formed colourless, opalescent flakes, melting at 34—36°. When 
kept on a porous plate in a sulphuric acid desiccator for fourteen 
days, it changed to a mass of fine, glistening needles, melting at 
39—41°. It exhibited no appreciable optical activity when 
dissolved in ether. The total yield of crystalline menthol actually 
isolated from the reduction product of 350 grams cf dl-piperitone 
was about 30 grams, and the liquid residues contained a further 
quantity of similar material. 

When the liquid residues were refractionated, the largest fraction 
(40 per cent.) distilled at 100—102°/17 mm. The fraction was 
optically inactive, and had d? (vac.) 0-9054 and nj} 1-4642, whence 
[Rr]p = 47-63, the calculated value for menthol being 47-55. 
Both the solid and the liquid preparations possessed an odour 
indistinguishable from that of ordinary /-menthol. 

Optically active specimens of piperitone, when reduced in the 
same way, gave identical results, except that in some instances 
the resulting menthol possessed a faint dextrorotation, whilst the 
first fraction of the liquid distillate was slightly levorotatory, owing 
probably to traces of a levorotatory impurity in the original 
l-piperitone, derived from the essential oil of Eucalyptus dives 
(this vol., p. 2270). A typical preparation of menthol of this kind, 
distilling at 104—108°/18 mm., was obtained from a levorotatory 
specimen of piperitone in 58 per cent. yield. It crystallised to a 
large extent when cooled in ice, and had dj" (vac.) 0-9017, ni 
1-4645, [Rz]p 47-85, and [«]p -+ 0-06°. 

The liquid menthol described above, distilling at 100—-102°/17 mm.., 
when oxidised with chromic acid by the method of Beckmann 
(Annalen, 1889, 250, 325), gave, in 66 per cent. yield, a menthone 
distilling at 89—90°/15 mm. and having dj (vac.) 0-8980, d= 
(vac.) 0-8942, ni) 1-4522, nif 1-4501, [R,]p 46°34. The calculated 
value of [Rz]p for menthone is 46-22. 

The crystalline menthol, melting at 39—41°, when oxidised 
similarly, gave, in 73 per cent. yield, a menthone distilling at 
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89—90°/15 mm. and having d?” (vac.) 0-8982, d? (vac.) 0-8945, 
ni) 1-4520, ni 1-4500, [Rz]p 46°31. The product in this instance 
was further characterised by treatment with semicarbazide. To 
a solution of sodium acetate crystals (8-4 grams) in a little water 
were added, first, the ketone (7-0 grams), and then semicarbazide 
hydrochloride (6-0 grams), also dissolved in a little water. Upon 
adding just sufficient alcohol to effect complete solution of the 
ketone at the ordinary temperature, a crystalline deposit of semi- 
carbazone started to separate within thirty minutes. After keep. 
ing for two days, the mixture was rendered faintly alkaline with 
ammonia and diluted with water to about twice the original volume. 
When collected, washed well with cold water, and dried at 100° 
for one and a half hours, the resulting colourless crystalline product 
(9:15 grams) softened at 150° and first melted completely at 205°. 
Upon dissolving it in boiling methylated spirit (150 c.c.) and keep- 
ing the solution over-night, a deposit melting at 210—212° was 
obtained. One more recrystallisation from the same solvent 
sufficed to raise the melting point to the ultimate value observed, 
namely, 219—220° when heated slowly, or 225° with rapid heating. 
The substance (2-75 grams) crystallised in lustrous, warty aggregates 
and exhibited no depression of melting point when mixed with the 
a-semicarbazone of di-isomenthone, obtained, as described below, 
by the catalytic hydrogenation of-dl-piperitone in the presence of 
colloidal palladium or finely divided nickel. (Found : C = 62-40; 
H=9-91. Calc. for C,,H,,ON;, C = 62:51; H = 10-02 per cent.). 
In the course of a prolonged systematic fractional crystallisation, 
several fractions (5-7 grams) were isolated from the mother-liquors 
which melted rather indefinitely between 140° and 150°, whilst 
other fractions did not melt completely until about 170°. By 
careful recrystallisation from alcoholic solutions to which ether 
had been added after cooling, fractions were obtained melting at 
140—145° and showing no depression of melting point when mixed 
with the third semicarbazone described in the next section (Found : 
C = 62-61; H = 10-19 per cent.). It was not found possible, 
however, to isolate a fraction melting at 177—178°, corresponding 
with the second semicarbazone from the undermentioned specimens 
of menthone obtained by catalytic reduction in the presence of 
colloidal palladium. 


The Catalytic Hydrogenation of Piperitone in presence of Colloidal 
Palladium. 


1. The method described by Wallach (Annalen, 1913, 397, 217) 
for the catalytic hydrogenation of synthetic A'-p-menthen-3-one 
yielded unsatisfactory results when applied to dl-piperitone, the 
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PIPERITONE. 


reaction having proceeded only to the extent of 25 per cent. after 
the lapse of six hours, with hydrogen at a pressure of 0-25 atmosphere. 
Both methyl alcohol and ethyl alcohol, when used in this process, 
caused gradual coagulation of the gum arabic and precipitation of 
the palladium after about two hours. It was accordingly found 
advantageous to emulsify the piperitone in an aqueous solution 
of the catalyst by means of vigorous mechanical stirring, which 
proved to be preferable to shaking. 

dl-Piperitone (35 grams), which had been purified by steam dis- 
tillation after liberation from the bisulphite compound, was added 
to a solution of palladium chloride (obtained by boiling 0-3 gram 
with 50 c.c. of water and 3 drops of dilute hydrochloric acid) and 
gum arabic (0-5 gram) in water (200 c.c.). The mixture was stirred 
continuously and submitted for four hours at the ordinary temper- 
ature (25°) to the action of purified hydrogen, under a pressure of 
0:25 atmosphere. The resulting menthone was isolated by extrac- 
tion with ether and subsequent fractional distillation under 
diminished pressure, the united ether extracts being dried over 
anhydrous sodium sulphate prior to distillation. A distillate which 
represented 60 per cent. of the calculated yield of menthone was 
collected between 90° and 95°/16 mm., and appeared to consist of 
practically pure di-isomenthone. By redistilling the combined 
product from three such preparations, a colourless specimen of an 
optically inactive isomenthone was obtained, having the following 
physical characteristics; b. p. 88—90°/14 mm., d? (vac.) 0-8995, 
a) 14527, [Rz]p 46-28. 

For the successful catalytic hydrogenation of dl-piperitone in 
the manner described, it is essential to purify the ketone carefully 
after liberating it from the bisulphite compound ; this may be accom- 
plished by distillation under diminished pressure, or, preferably, 
by steam distillation. Failing such purification, the catalyst is 
prone to lose its activity. 

When allowed to react with semicarbazide under the conditions 
outlined above, dl-tsomenthone (7-0 grams) prepared in this way 
yielded a mixture of semicarbazones (9-5 grams) very similar to the 
product already described. By repeated fractional crystallisation 
from boiling alcohol, a sparingly soluble «-semicarbazone (3-0 grams) 
and a second more soluble semicarbazone (3-0 grams) were separated ; 
whilst the solid residues from the final mother-liquors, when treated 
carefully with alcohol and ether, yielded a third semicarbazone 
(0-8 gram), which on account of its pronounced solubility was only 
freed with great difficulty from the isomeric derivatives. 

dl-iso Menthone-x«-semicarbazone forms small, lustrous needles, 
sometimes occurring in warty aggregates. When heated in the 
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ordinary way, it melts with decomposition at 219-—220°, or, if 
heated rapidly, at 225°. It is sparingly soluble in most of the 
ordinary organic solvents, except acetic acid, and is best recrystallised 
from hot alcohol. It is insoluble in cold dilute acid or alkali, but 
is readily hydrolysed by cold concentrated hydrochloric acid, in 
which it at first dissolves (Found: C = 62-46; H = 9-78 per 
cent.). 

The second isomeric semicarbazone crystallised from alcohol in 
minute needles, which melted without decomposition at 177—178°, 
It dissolved slowly but completely in ether upon continued warming 
(Found: C = 63-08, 63-04; H = 10-39, 10-69 per cent.). The 
third isomeric semicarbazone formed minute crystals melting some- 
what indefinitely at 140—145°, without decomposition. It dissolved 
in warm ether and was most conveniently purified by deposition 
from ether containing a little alcohol. Like the isomeric substances, 
it was insoluble in cold dilute acid or alkali (Found: C = 62-78; 
H == 10-28 per cent.). 

2. A specimen of J-piperitone, isolated from the crude oil of 
Eucalyptus dives by repeated fractional distillation under diminished 
pressure (this vol., p. 2269), and having [«]j) — 51-53°, was sub- 
mitted to similar treatment at 20°. Hydrogenation proceeded 
steadily with a slight rise of temperature, and after four hours 
87 per cent. of the calculated quantity of hydrogen had been 
absorbed. At 35°, under similar conditions, the whole of the cal- 
culated quantity of hydrogen was absorbed without difficulty, and 
in this instance the yield of menthone was higher than recorded 
in (1) above. By distilling the crude product under diminished 
pressure, the condensate collected between 93—100°/20 mm. 
corresponded with 75 per cent. of the calculated yield of menthone; 
when twice refractionated under diminished pressure, it furnished 
a specimen of d-isomenthone distilling at 93-5—95°/19 mm., and 
having the following additional characteristics: dj (vac.) 0-8955, 
d(vac.) 08917, nj 1-4530, [Rz]p 46°51, «7 + 58-33°, [a] + 
65-14°. 

Three other specimens of l[-piperitone, having «jy — 12-32°, 
— 26-64°, and — 32-08°, when hydrogenated in a similar manner, 
yielded preparations of tsomenthone having aj; + 15-39°, + 30-36°, 
and + 38-95°, respectively.* When these two sets of values are 
represented graphically in the usual way, the points lie very nearly 
on a straight line passing through the origin. 

When mixed with semicarbazide under the conditions described 
above, d-isomenthone (7-0 grams, «jj + 58-33°) reacted more 
slowly than dl-isomenthone. The first three fractions of the 


* All the readings of ap in this paper are recorded for a 1-dcm. tube. 
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crystalline separation, collected after intervals of twenty-four 
hours, consisted mainly of dl-isomenthone-«-semicarbazone, melt- 
ing at 219—220°. The filtrate from the third fraction was diluted, 
rendered faintly alkaline with ammonia, and extracted with ether. 
After repeated treatment with ether and light petroleum, this 
material eventually yielded a small amount (2-0 grams) of a soft, 
crystalline mass, melting without decomposition at 143—145°. 
When this substance was mixed with the optically inactive semi- 
carbazone, described above, melting at 140—145°, the melting 
point sank to 134—136° (compare Beckmann, Ber., 1909, 42, 846). 
This derivative, d-isomenthonesemicarbazone, exhibited a small 
dextrorotation, which, like the melting point, was not altered by 
recrystallisation : 0-2502 gram, dissolved in ethyl alcohol and 
made up to 20-0 c.c. at 20°, gave aj!’ + 0-28° in a 2-dem. tube, 
whence [a] + 11-2°. The substance was readily soluble in 
ether; it also dissolved with moderate ease in warm light petroleum, 
from which it separated as a gelatinous mass (Found: N = 20-0. 
Cale. for C,,H,,;ONs, N = 19-90 per cent.). 

3. In the case of d-piperitone, the purest specimen of the corre- 
sponding J-tsomenthone was obtained similarly, by the catalytic 
hydrogenation at 20° of a fraction of the ketone isolated from the 
essential oil of Andropogon Jwarancusa, and having aj’ + 47-03° 
(this vol., p. 2269). The greater part of the product distilled at 
95—100°/18 mm., and the following physical constants were 
observed: di(vac.) 0-8995, ni! 1-4537, [Rz]p 46-37, af” — 57-24°, 
[aj — 63-64°. 


The Catalytic Hydrogenation of Piperitone in presence of finely 
divided Nickel. 

As a result of numerous preliminary experiments, the following 
conditions were elucidated for the successful catalytic hydrogenation 
of piperitone in the presence of a nickel catalyst : 

(1) The oxide, prepared by calcining purified pumice previously 
steeped in a solution of pure nickel nitrate, is reduced at 340—350° 
for a period of not less than three hours. 

(2) The piperitone is steam distilled at least once after being 
extracted from the crude essential oil by means of sodium sulphite 
or bisulphite. 

(3) The pumice bearing the catalyst is coated with a thin film only 
of piperitone and is maintained at 180° in an atmosphere of hydrogen. 

In experiments involving the reduction of more than about 
5 c.c. of piperitone, the effective application of the last condition 
necessitated the use of a special form of apparatus. Very satis- 
factory results were obtained by applying the principle adopted 
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in the laboratory circulating pump described by Morgan (T., 191), 
107, 1710), electrolytic hydrogen being introduced at a pressure of 
about 100 mm. The process was controlled by measuring the 
incoming and escaping hydrogen and by observing the refractive 
index of the product at intervals. 

In a typical experiment with 35 c.c. of purified dl-piperitone, 
conducted under the conditions stated, the reduction took place 
rapidly in the presence of about 25 c.c. of catalyst, 4 litres of 
hydrogen being absorbed in eighty minutes, after which the rate 
of absorption moderated. The values of nj were as follows, the 
last value corresponding with a content of 90 per cent. of menthone : 
1-4675 (one hour), 1-4535 (two hours), 1-4516 (three hours), 1-4510 
(four hours). The crude menthone was collected, the pumice being 
extracted with ether; and on fractional distillation under diminished 
pressure the first fraction (19 grams) distilled at 106—110°/30 mm., 
and had nj 1-4475, whilst the second fraction (6 grams) distilled 
at 110—120°/30 mm., and had nj? 1-4520. The first fraction, 
which represented a 60 per cent. yield of menthone, exhibited no 
diminution in volume when shaken with hot sodium sulphite solution. 

In a similar experiment with 145 grams of dl-piperitone, which 
had been steam distilled twice after racemising, about 18 litres of 
hydrogen were absorbed in five hours in the presence of about 
50 e.c. of catalyst. Upon distilling the product under diminished 
pressure, a fraction (100 grams) having nj) 1-4535 was collected 
between 96° and 100°/20 mm., corresponding with a 70 per cent. 
yield of menthone. 

Catalysts which had been reduced at lower temperaturcs gave 
less satisfactory results: a preparation reduced at 320—340° 
gave only a 60 per cent. yield of menthone after twenty hours, 
whilst with another preparation reduced at 300—330° the absorption 
of hydrogen was very slow and incomplete. 

A partly racemised preparation of J-piperitone, having «jf —21-96°, 
after twenty hours’ hydrogenation in the presence of a catalyst 
reduced at 320—340°, yielded a specimen of an optically active 
isomenthone of reversed and diminished optical rotatory power; 
it distilled at 115—120°/31 mm., and had nj 1-4592 and ai 
-+- 11-04°. 

The above preparations of dl-csomenthone, when brought into 
reaction with semicarbazide in the manner already described, 
readily yielded dl-isomenthone-«-semicarbazone, melting at 219— 
220°. During the isolation of this substance, which formed the 
main product of the reaction, various fractions were obtained which 
melted rather indefinitely at lower temperatures, as in the foregoing 
preparations, 
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The Catalytic Hydrogenation of Piperitone at High Pressures. 


When piperitone (140 grams) was hydrogenated for three hours 
in an iron autoclave at 140°, under a pressure of about 18 atmo- 
spheres, in contact with a nickel catalyst reduced at 360°, a 66 per 
cent. yield of isomenthone, distilling at 89—94°/14 mm., was 
obtained, but no menthol could be detected in the product. A 
similar result was achieved by using a colloidal palladium catalyst 
under a pressure of about 20 atmospheres at the ordinary temperature. 


The Electrolytic Reduction of Piperitone. 

1. Piperitone (20 grams) was mixed with alcohol (300 c.c.) and 
a solution of sodium acetate crystals (4 grams) in water (70 c.c.); 
the resulting cathode liquid was heated on the water-bath in a 
beaker which also contained a porous pot charged with the anode 
liquid, composed of saturated sodium carbonate solution. The 
cathode and anode consisted of cylindrical lead plates, and the 
current density at the former was about 1 ampere per 100 sq. cm. 
When the apparatus was allowed to cool, after supplying about 
20 ampere-hours, long, glistening crystals (8 grams) separated : 
these melted, when purified, at 156—157°, and were identical with 
the bimolecular ketone described by Baker and Smith (loc. cit.). 
The cathode liquor also contained a small quantity of menthone, 
in addition to unchanged piperitone. No menthol appeared to be 
formed during the reduction. 

2. The reduction was also effected at the same temperature in an 
acid electrolyte (20 grams of piperitone, 200 c.c. of 20 per cent. 
sulphuric acid, 150 c.c. of alcohol), the anode liquid being sulphuric 
acid of 20 per cent. strength. The current density was about 
2 amperes per 100 sq. cm., and the product, after the passage of 
7-1 ampere-hours, consisted mainly of the bimolecular ketone with 
a possible trace of menthol. 

3. With an amalgamated zine plate as cathode, at the ordinary 
temperature, the main product was again the bimolecular ketone. 
isoMenthone, made from piperitone as described above, when 
reduced in this way gave an appreciable quantity of a liquid menthol. 


We are indebted to the McCaughey Research Fund of the 
University of Sydney for a grant in aid of these investigations, 
which are being continued. 
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CCOCXLVI.—Intermittent Current Electrolysis. Part II, 
Overvoltage Study of the Lead Electrode. 


By SaMuEL GLASSTONE. 


It has been suggested (this vol., p. 1745) that part of the difference 
in overvoltage as measured by the direct and the commutator 
method may be due to the induced currents resulting from the 
repeated make and break of the polarising circuit; the object of 
the present work was to investigate the behaviour of the lead 
electrode in some detail in order to determine the influence of this 
and other factors on overvoltage measured with intermittent 
polarising current. By means of a special commutator (described 
below) the polarised electrode could be connected with the potentio- 
meter system at any portion of a complete cycle, so that the potential 
could be followed during the whole time that the current was on 
or off; by varying the speed of rotation of the commutator an 
estimate could be obtained of the rate of fall of potential after the 
polarising current was switched off. Further, by altering the 
resistance, self- and mutual-inductance, and capacity of the circuit, 
the influence of induced currents could be examined. By measur. 
ing the fall of potential across a known resistance placed in the 
polarising circuit, the value of the current flowing at any point in 
a complete cycle could be determined and compared with the 
potential] of the electrode at the same position. 

Before proceeding to the consideration of the results obtained, 
an important source of error in potential measurements made by 
the direct method must be considered. Haber (Z. physikal. Chem.., 
1900, 32, 208) and others have realised the importance of fixing 
the jet of the tube, connecting the test electrode with the standard 
electrode, close to the surface of the former, and thus eliminating 
the error due to the fall of potential across the electrolyte from the 
surface of the electrode to the jet of the connecting tube. An 
examination of the arrangement of the apparatus used in these 
experiments shows, however, that the error in the measured potential 
introduced is due. not only to this layer of electrolyte, but also to 
the resistance of the whole of that portion of the apparatus lying 
between the jet of the connecting tube and the point at which the 
test electrode is connected with the potentiometer system. In the 
measurement of overvoltage, when gas is being liberated at the 
test electrode, the portion mentioned will include a metal-gas 
system, which may have a considerable resistance, situated at the 
surface of the electrode. Further, as a result of rapid electrolysis 
the concentration of the layer of electrolyte close to the surface of 
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the electrode may be greatly diminished and consequently its specitic 
resistance increased; thus even a very thin layer may have a con- 
dderable resistance. It thus appears that even if the Haber-Luggin 
capillary is pressed as tightly as is experimentally possible against 
the surface of the test electrode, there may still be an appreciable 
eror introduced in the measurement of potentials by the direct 
method ; in subsequent portions of this paper this error is referred 
to as that due to the resistance of a metal-gas—electrolyte system 
situated at the surface of the electrode, or, more briefly, to the 
“surface resistance.’” In the commutator method of measuring 
overvoltage, this error does not occur, since the direct current does 
not flow while potential measurements are being made. By 
aranging the apparatus so that the direct current is reduced to a 
very small amount when the potential is being measured, and at 
the same time almost eliminating the effects due to induced currents, 
ithas been found possible to 
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electrode surface would thus be about 5—7 ohms, an amount 
which does not appear to be unreasonable. Experiments at other 
current densities indicate that the resistance of the metal—gas- 
electrolyte system decreases as the current density increases. 


ExPERIMENTAL. 


Arrangement of Apparatus——The commutator, which is shown 
in diagram in Fig. 1, consisted of a cylinder 3 inches long and 
1} inches in diameter, divided into two similar parts, A and B, 
which could be fixed in different positions relatively to one another 
on the axis of revolution, CD. The unshaded portions represent 
insulated parts of the commutator, whilst the shaded parts were 
metallic; connexion was made from the polarising circuit and 
from the potentiometer to the movable contact makers, a and c, 
respectively, whilst 6 was connected to the test electrode. By 
moving a, the electrode could be connected with the polarising 
circuit for any desired portion of a complete cycle, whilst by moving 
B relative to A round the axis CD, and also moving c, the electrode 
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could be connected to the potentiometer at any section of a cycle 
for any desired interval of time. The commutator was connected 
directly with an electric motor capable of giving more than 5,000 
revolutions, and hence 10,000 makes and breaks of the polarising 
current, per minute; a small Veedee revolution counter was attached 
permanently to the shaft of the motor in order to determine the 
speed of the latter. As the polarised electrode was in most cases 
connected with the potentiometer system only for extremely 
short intervals of time, the impulses obtained were very small and 
consequently a low resistance Granta potentiometer (Pye) and 
pointer galvanometer were used for the measurement of the 
potentials. 

The arrangement of the apparatus was of two kinds; the first 
arrangement (method I) was similar to that used by Newbery (T., 
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1914, 105, 2419), in which there is no complete circuit: when the 
polarising current is broken. The second arrangement (method II) 
is shown in Fig. 2; A represents the polarising battery, connected 
across a resistance, BC, of about 1,000 ohms, B represents the 
commutator, and D the test electrode. In this arrangement there 
is always a complete circuit even when the polarising current is 
switched off. In order to measure the current passing through the 
circuit at any instant, as distinct from the mean current measured 
by an ammeter, a known resistance was placed between B and D, 
and the fall of potential from B to the end of the resistance measured 
by means of the potentiometer; from the value of the potential 
and of the resistance, the current value was calculated. A similar 
method was adopted in connexion with method I. 

The electrolytic cell consisted of a small beaker holding about 
25 c.c. of the electrolyte (N-sodium hydroxide or N-sulphuric 
acid); the lead electrode was 2-5 cm. long, 1 cm. wide, and 0-2 cm. 
thick; it was completely waxed over with the exception of an 
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area of 1 sq. cm., which was scraped clean and bright. The standard 
dectrodes and connecting tubes were as described in a previous 
paper (Joc. cit.). 

Preliminary Measurements.—The object of these was to deter- 
mine the general behaviour of the electrode with varying speed 
of rotation of the commutator and with various types of inter- 
nittent current. It was found that with speeds of 2,000 to 10,000 
changes per minute, the potential of each electrode measured 
immediately the polarising current was off, was constant within 
003 volt. The subsequent rate of fall of potential was often 
quite considerable, and since the ordinary commutator method 
of measuring overvoltage (Newbery, loc. cit.) gives the average 
potential over the whole period when the current is off, the results 
obtained by this method were often found to be 0-05 volt below 
the values obtained immediately after the polarising current was 
cut off. In the commutator method, therefore, the potentials to 
be considered for the determination of overvoltage are those obtained 
immediately after the current is switched off, with fairly high 
commutator speeds. 

When the current is suddenly switched on again, as a result of 
the rotation of the commutator the potential of the electrode, in 
general, rapidly reaches its maximum value for a given current 
density; hence the fact that the polarising current is off for half 
of a cycle has very little influence on the potential reached. The 
attainment of overvoltage equilibrium in the cases examined is 
thus a comparatively rapid process. When writing the previous 
paper in this series (loc. cit.), the author believed that a sort of 
dynamic equilibrium would exist over an appreciable interval of 
time, that a condition would be reached at which the rate of form- 
ation of gas at the electrodes would be equal to its rate of diffusion, 
and that the potential measured by the direct method with inter- 
mittent current would give an indication of the difference between 
this equilibrium and that obtained with direct current alone. 
This idea * is evidently incorrect, since the maximum potential is 
reached almost instantaneously when the current is started, and 
falls immediately the current is stopped, hence the potential 
measured with intermittent current would be the mean potential 
over the whole cycle. 

It has also been found that a moving-coil ammeter indicates 
the arithmetic mean of the current passing over the whole cycle, 


* The same idea has been tacitly, although probably erroneously, assumed 
by previous workers on alternating current effects; for example, Grube and 
Dulk (Z%. Elektrochem., 1918, 24, 237), Goodwin and Knobel (Trans. Amer 
Electrochem. Soc., 1920, 37, 617), and others. 
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and hence with an apparent current density of, say, 0-03 amp, 
per sq. cm. indicated, the actual current density, when the current 
is on for half of the total time, is at least 0-06, and may be more. 
It has thus been observed that a lead cathode in sodium hydroxide 
solution gives a slightly higher overvoltage by the commutator 
method than it does by the direct method at the same apparent 
low current density, 0-003 amp. per cm.?. As a consequence of 
these facts it is clear that when the polarising current is on for 
four-fifths of a cycle, the potential measured may be lower than 
when the current is on for only half the time at the same current 
density, as indicated on the ammeter. In the following experi. 
ments the polarising current was passing through the circuit for 
roughly half of each cycle. 

Final Measurements.—Four series of experiments were carried 
out: A. Lead anode in N-sodium hydroxide; B. Lead cathode in 
N-sodium hydroxide; C. Lead anode in N-sulphuric acid; D. Lead 
cathode in N-sulphuric acid. In each series measurements were 
made by methods I and II described above, under three different 
conditions in each case: (a) with an ordinary circuit containing no 
special inductance, (b) with a high self-inductance in the circuit, 
and (c) with self- and mutual-inductance. The self-inductance 
used was the primary coil of a transformer of 60 ohms resistance, 
which had been employed for transforming 100-volt 60-period alter- 
nating current to 6-volt ; when the secondary coil was short-circuited, 
mutual inductance was also set up in the main circuit. A few 
experiments were also made with a condenser placed between the 
contact makers a and b (see Fig. 2). 

The general procedure on setting up an electrode was to pass 
the polarising current for at least fifteen minutes until the potential 
had become fairly steady; then with each arrangement of the 
apparatus potential readings were taken when the polarising 
current was just off, in the middle of the off period, and just before 
the current was started again, and then also when the current 
was just on, midway in the on period and just before it was switched 
off again; the results below are given in this order and indicate 
the change in measured potential over the whole of a cycle. The 
three arrangements (a), (b), and (c) were made as rapidly as possible 
so that the electrode did not change appreciably during the period 
of measurement. A fresh electrode was used for each different 
method (I and II). 

Although experiments were carried out at a number of different 
current densities and at varying commutator speeds, yet the results 
obtained were all very similar and only those for an average current 
density of 0-015 amp./cm.? and with a commutator speed of about 
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4,000 changes per minute are given in detail below. All experiments 
were carried out at room temperature (about 20°). 

The columns headed P.D. contain the overvoltages in volts, 
whilst those headed C.D. give the corresponding current densities 
inamps./em.2; the currents are marked with a negative sign when 


> 


they and the polarising current travel in opposite directions. 


Results. 
Series A. 
(a). (0). (c). 
Method I PD. C.D. P.D. C.D. PD. C.D. 
0°85 0°93 0°86 
0°82 0°90 0°83 
0°80 0°87 O-sl 
1°01 0°023 0°96 0-012 1-02 0°022 
1°02 0°023 0°98 6-016 1-01 0-022 
1:04 0-022 0°98 0-026 1°02 0°023 
Method II 
0°83 — 0-004 0°93 0°016 0°94 0:0012 
0°80 —0-003 0°89 0°010 0-91 0°0008 
0°78 —0°001 0°86 0°0045 0°89 0°0015 
1:00 0:030 0°96 0°017 1°02 0-022 
1-02 0°029 0°98 0°023 1:04 0-022 
1-04 0:029 0°98 0°027 1°04 0°023 
Series B. 
Method I 
0°89 0°98 0°89 
0°84 0°92 0°86 
0°80 0°88 0°83 
1°06 0-028 1-02 0°0125 1-06 0-028 
1:12 0-030 1°12 0°019 1-12 0°025 
1:19 0-030 1:18 0-025 1°15 0°027 
Method II 
0°87 — 0-004 1:03 0011 1:04 0:0007 
0°86 —0°0028 0°99 0:007 1°02 0:0005 
0°85 —0°0025 0°97 0°0045 0°99 0°0004 
1°42 0:030 ili 0°017 1°09 0:026 
r°37 0°031 1°16 0°022 1°15 0°026 
1°20 0°035 1-20 0°028 1-21 0°029 
Series C. 
Method I 
0°82 0°83 0°80 
0°80 0°80 O77 
0°78 0:78 0°75 
0°94 0°030 0°89 0°013 0°88 0°024 
0°96 0-035 0°93 0°027 0°92 0°034 
0°97 0°035 0°96 0°040 0°95 0:040 
Method II 
0°83 —0:005 0°83 0:012 0°83 0:0026 
0°80 —0°0046 0°80 0:007 0°81 0°0020 
0:79 —0°0042 0°78 0°0032 0°78 0:0012 
0°93 0°026 0°90 0O°O14 0°92 0:027 
0°94 0-033 0°92 0-019 0°94 0°029 
UDO 0033 0°93 O'U24 0°95 0°03U0 


{ 
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Series D. 
(a). (6). a 

Method I PD, CD, P.D. C.D. P.D. C.D. 

0°75 0:89 0°77 

0°74 0°86 0°75 

0°72 0°85 0°73 

1:03 0°025 0:97 0-012 1°01 0:02] 

1°05 0°0275 0°98 0-018 1°01 0°026 

1:05 0°0275 0:99 0:028 1:02 0°026 
Method II 

0°74 —0°0045 0°90 0012 0°86 0-004 

0°72 —0°0035 0°89 0-011 0°84 0°0015 

0-70 —0:0025 0°88 0:006 0°82 0-001 

1-04 0°024 0:97 0-015 1-04 0°024 

1°04 0°024 1°01 0°025 1:04 0°025 

1:05 0°028 1°04 0:020 1:04 0°025 


Additional Observations—In the course of these experiments it 
was found that on some occasions the results obtained during 
the period the polarising current was off were very much lower 
than usual; this discrepancy was found to correspond with con- 
siderable sparking at the commutator. When the contact brushes 
were adjusted so that the sparking was reduced, the potentials 
obtained were 0-1 to 0-2 volt higher. If a condenser was placed 
across the spark gap, then in method I (a) alone the potential was 
increased by 0-05 to 0-07 volt in series A, B, and D. Further, if 
in method II a resistance coil of 28 ohms was used instead of the 
usual 1000-ohm coil, considerable induced currents were produced 
and the potentials measured were often 0-3 volt lower than those 
recorded above; the introduction of another resistance coil caused 
the induced currents to decrease and the potential to rise. 

Discussion. 

It is clear from the results given above that induced currents 
must have some influence on the potential measured by the com- 
mutator method when the polarising current is off: the actual 
extent of this influence will depend on the resistance and general 
arrangement of the apparatus, and also on the amount of sparking 
at the commutator contacts. 

In method I, it is seen that, in general, in arrangements (a) and 
(c), similar potentials are obtained, whilst those obtained in (b) 
are higher when the current is off and lower when it is on. This 
behaviour is rather unexpected, since in case (b) the induced currents 
must be greater than in (a), where the inductance is small, or in 
(c), where self- and mutual-inductances compensate one another to 
a great extent. The only explanation that can be offered is that 
the current in case I (}) rises to 2 maximum very slowly owing to 
the opposition of induced currents, and at the instant of switching 
off a very high value must be reached in order that the average 
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current may be 0-015 amp.; the result is that the potential measured 
immediately the current is stopped corresponds to a much higher 
current density than that actually indicated. 

In method II (a), when the main current is switched off a reverse 
current always flows through the circuit; this may be due to the 
discharge of the electrolytic cell, but is equivalent to an alternating 
current superimposed upon the direct polarising current. The 
introduction of a large self-inductance, as in (b), alters the form of 
the current, so that positive current is in the circuit the whole 
time and naturally higher potentials are obtained when the polar- 
ising current is supposed to be off. The introduction of a mutual 
inductance compensates the self-inductance, and the form of the 
current becomes such that only very small positive currents flow 
in the intervals; since the error in the potential measurements 
caused by these small currents is negligible, it is believed that 
the values obtained under these conditions approximate most 
dosely to the true overvoltage. The difference between the 
potentials obtained at the end of the on-period of the current and 
the beginning of the off-period, in method II (c), will then be due 
to the error caused by the resistance of the metal—gas-electrolyte 
system at the surface of the test electrode, whilst the corresponding 
difference of potential in method I (a) will include both this error 
and also that due to induced currents. The results may be summar- 


ised as follows : 
Difference between direct and commutator 
potentials due to: 


Induced currents. Surface resistance.* 
Series. Volt. Volt. 
A 0:09 0°13 
B 0°13 O15 
C 0-03 0°12 
D 0-12 0°18 


* These values include any falJ of potential that may occur during the first 
five-hundredth part of a second that clapses after the current is switched off. 


At higher current densities, the relative effect of induced currents 
decreases slightly, whilst that due to the resistance effect increases 
fairly rapidly, but not nearly in proportion to the current. 

In a separate series of experiments it has been found that if 
small alternating currents are superimposed upon direct current 
there will be a considerable lowering of potential in the case of 
electrodes A, B, and D, but with a lead anode in sulphuric acid 
(electrode C) alternating current will have very little effect; this 
is exactly in agreement with the results obtained above. Further, 
in the same experiments it was found that alternating currents had 
no effect on the potential of an electrode of electrolytically deposited 
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lead dioxide if sodium hydroxide or sulphuric acid was the electro. 
lyte, and experiments with such electrodes on the lines described jy 
this paper showed that methods I (a) and II (c) gave almost identica] 
results, indicating that the induced currents also had no effect on 
the potentials of these electrodes. 


Conclusion. 


It appears that electrode potentials measured by the direct 
method are too high owing to the fact that the resistance of the 
metal-gas-electrolyte system at the surface of the test electrode 
causes a potential, in addition to that of the test and standard 
electrodes alone, to be applied to the potentiometer system. On 
the other hand, potentials measured by the commutator method 
may be too low on account of the fall of potential that occurs when 
the current is off, and also on account of induction effects in the 
circuit. Sparking at the commutator contacts appears to cause a 
diminution in the measured potential. As far as can be seen at 
present, the best determinations of overvoltage appear to be those 
made by the method II (c) described in this paper, provided the 
potential measurements are made as soon as possible after the main 
current is switched off. Experiments with other electrodes may 
give more information on this point. 


The author wishes to express his thanks to the Chemical Society 
for a grant from its Research Fund which enabled him to purchase 
the rotary commutator used in this work. 


UnIversiIry CoLLece, EXETER. [Rececved, July 30th, 1923.] 


CCCXLVIT.—Succinylfuorescein and its Derivatives. 
By Srpnry Brees and Frank Gero. Pope. 


NENCKI and SIEBER (J. pr. Chem., 1881, [iij, 23, 154), in the course 
of an extended investigation on the condensation of phenols 
with aliphatic acids, first described succinylfluoresccin and _pre- 
pared one or two of its derivatives. A more extended examination 
of this substance has now been made and the results are embodied 
in the present communication. 

The fluorescein is analogous in nearly all respects with ordinary 
fluorescein, one great point of difference, however, being its behaviour 
with phosphorus pentachloride. Using this reagent, Baeyer 
(Annalen, 1876, 183, 18) found that fluorescein gave a chloride, 
CoH 0,Cl,, in the form of a colourless, crystalline powder. All 
attempts to prepare a similar} chloro-derivative frcm succiny]- 
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lectro. Bfuorescein have so far failed. A green mass, soluble in sodium 
ibed in hydroxide, and containing both chlorine and phosphorus, has 
entical Binvariably been the product of the reaction, whatever conditions 
ect on Bhave been employed. All attempts to purify this and to isolate 
the pure chloride have as yet been ineffectual. Using thionyl 
chloride in place of phosphorus pentachloride, a brown product 
containing sulphur was always obtained. 
direct 
of the EXPERIMENTAL. 
‘trode §  Succinylfluorescein, C,,H,,0,;, was prepared by Nenckiand Sieber 
ndard hy heating its components with concentrated sulphuric acid at 
- On 190°. On account of the amount of by-product formed, the yield 
thod F amounted only to 60—70 per cent. of the theoretical. We have 
When J found that a yield of about 90 per cent. can be obtained by working 
n the Finder the following conditions. 
ise a § A mixture of 11 grams of succinic anhydride, 25 grams of 
Nn at F resorcinol, and 53 c.c. of 73 per cent. sulphuric acid is boiled under 
‘hose ff reflux for six hours. After cooling, the product is poured into a litre 
| the of water and carefully neutralised by sodium hydroxide. The 
nain § precipitated fluorescein is collected, well washed, and crystallised 
may Ffrom 5 per cent. hydrochloric acid. For analysis, it is further 
twice crystallised from hydrochloric acid, dissolved in warm sodium 
carbonate solution, precipitated by acetic acid, collected, washed, 
and dried. This method of treatment appears to be necessary, 
since the product crystallised from hydrochloric acid retains a small 
amount of chlorine. It was also found necessary to dry the 
.] fluorescein to constant weight at 160° owing to the obstinate 
retention of a small quantity of water (Found: C = 67:33; H= 
442. Cale. for C,,H,,0;, C = 67-60; H = 4-22 per cent.). Suc- 
és, | cinylfluorescein crystallises from hydrochloric acid in dark crimson 
needles showing a blue reflex. It is sparingly soluble in alcohol 
or acetic acid, giving yellow solutions showing a green fluorescence. 
rse § It is very soluble in solutions of the alkali hydroxides, carbonates, 
ols {and bicarbonates, in the latter cases with evolution of carbon 
re- [ dioxide. It melts at 234° (decomp.). Reducing agents such as 
on zinc dust and alkali, sulphurous acid, or sodium hyposulphite 
ed f convert it into succinylfluorescin, which is thrown down as a 
colourless solid, but almost immediately reverts to the coloured 
ry | fluorescein owing to oxidation on exposure. 
ur The sodium salt, C,,H,,0;Na, was obtained by boiling the 
er f fluorescein with a quantity of sodium carbonate insufficient to 
e, dissolve the whole. The solution was filtered from unchanged 
ui fluorescein, and concentrated until crystallisation commenced. 
yl- [| The salt separated as.a reddish-brown, crystalline powder, which 
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was rather hygroscopic (Found: Na = 7-67. Calc. for C,,H,,0,Na, 
Na = 7-52 per cent.). Solutions of various metallic salts wer 
mixed with solutions of the sodium salt with the following results 
Lead salts—orange needles ; stannous salts—yellow crystals ; cobalt 
salts—yellowish-brown needles; cadmium salts—brown needles: 
mercury (ous, ic), antimony, calcium, strontium, and barium salts 
give yellow, amorphous precipitates; copper, aluminium, nickel, 
and manganous salts give buff-coloured, amorphous precipitates, — 

Succinylfluorescein diacetate, Cop9H,,0,, was obtained by heating 
the fluorescein with four times its weight of acetic anhydride for 
a quarter of an hour. The cooled solution was poured into alcoho! 
and kept until the excess of acetic anhydride was destroyed. Water 
was added, and the precipitate was collected, washed, and recrystal. 
lised from boiling dilute alcohol (with the addition of animal char. 
coal). It separated as a practically colourless, crystaliine powder, 
melting at 157° (Found: C = 65-41; H=4-51. Calc. for C,,H,,0,, 
C = 65-22; H = 4-35 per cent.). It is easily soluble in acetic acid, 
alcohol, chloroform, tetrachloroethane, or ethy! acetate, sparingly 
soluble in benzene or xylene, and practically insoluble in ether. 

Succinylfiuorescein Dibenzoate, Cy 9HaO,—Two grams of the 
fluorescein were heated with 6 grams of benzoyl chloride for four 
hours. The resulting dark-coloured mass was repeatedly boiled 
with water until the excess of benzoyl chloride and benzoic acid 
were removed. It was then extracted with hot alcohol, from 
which the benzoate separated on cooling. On recrystallisation 
from alcohol, it separated as an almost colourless, crystalline 
powder melting at 250° (decomp.) (Found: C = 72-78; H = 3-61. 
Cale. for Cy9H.90,, C = 73-17; H = 4-06 per cent.). It is readily 
soluble in benzene, xylene, or chloroform, and sparingly soluble 
in alcohol or acetic acid. 

Succinylfluoresceinanilide, CygH,,0,N.—Fischer and Hepp’ 
method of preparing fluoresceinanilide (Ber., 1893, 26, 2236) was 
slightly modified in the following manner. 

Five grams of the fluorescein were heated with 20 grams of freshly 
distilled aniline and 10 grams of aniline hydrochloride on the 
water-bath for a day. The mixture was made alkaline with sodium 
hydroxide, and the excess of aniline removed in a current of steam. 
The alkaline solution was then filtered into an excess of dilute 
hydrochloric acid, whereby a considerable amount of tarry matter 
was precipitated. This was removed and the solution exactly 
neutralised by sodium hydroxide solution, when a cream-coloured 
solid was precipitated. The precipitate was collected, washed, and 
crystallised from dilute alcohol, separating as a colourless, crystal- 
line powder melting at 260° (decomp.) (Found: N = 3-87. Cale. for 
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119 Na, ff (gH j704N, N = 3-90 per cent.). The anilide is soluble in alcohol, 

ts wereff acetic acid, or acetone, and insoluble in benzene or chloroform. 

results§ Diethyl Hthers.—Two possibilities arise in the case of these ethers, 
cobalt namely, the coloured quinonoid form, and the colourless lactone form. 


eedles; — 0 ~ OV > 
m salts EtO/” Y ea id Bo YY oy ont 
nicke], I 4 . and . 3 
t \ANoF V4 = A N04 7 
ites, ¢ De 
heating C,H,°CO,Et CoH ye PP 
ide for CO 
alcoho! Quinonoid form. Coloured. Lactone form. Colourless. 
y. D 
Wate Twenty-eight grams of succinylfluorescein and 12 grams of 


ee potassium hydroxide were dissolved in 250 c.c. of 96 per cent. 
a alcohol, 32 grams of ethyl iodide were added, and the whole was 
oWder, ; , . 
TO. heated under reflux for eight hours. A further gram of potassium 
; oe H hydroxide and 3 grams of ethyl iodide were then added, and the 
de Ie heating was continued for another eight hours. The product was 
i 8 poured into 2 litres of water and the resulting precipitate collected 
e th and washed with water. It was then further washed several times 
"| with dilute alkali in order to remove any unchanged fluorescein, 
t four ; aia . 
boiled and fluorescein monoethyl ether. After drying, it was recrystallised 
a from a mixture of chloroform and light petroleum (Found: C = 
from | W643 H = 5:85. Cale. for CypH90;, C = 70:58; H = 5-88 per 
vf cent.). Itseparates from the solvent as a yellowish-brown, crystalline 
ation : , : : : 
alline powder and is readily soluble in alcohol, acetic acid, chloroform, 
'§ or benzene. It is insoluble in cold dilute solutions of the caustic 


7 alkalis. It melts at 170°. 
luble Lactone Form.—-The crude diethyl ether prepared as above was 


dissolved in hot xylene, and a brown solid separated on cooling. 
snr’, | Lhis was collected, washed, dried, and recrystallised from alcohol 
~ ; (with the addition of animal charcoal). After three recrystallis- 

ations from alcohol it was obtained in colourless, hair-like needles 
which melted at 196—197° (Found: C = 70-65; H = 6-18. Calc. 
for CypH90;, C= 70:58; H = 5:88 per cent.). It is very soluble 


shly 


Pi in acetic acid, alcohol, or chloroform, but sparingly soluble in benzene 
wo light petroleum. It is insoluble and unaffected by boiling 
lute dilute alkali, whereas the coloured form dissolves and is hydrolysed. 
ter Monoethyl Ester (coloured carboxylic form), 

etly HO, \“ * oe ‘io 

red | | | 

and \7N\o4\4 


t 
tal- C,H,°CO,Kt 
forf Twenty grams of succinylMuorescein and a mixture of 40 grams 
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of 96 per cent. alcohol and 30 grams of sulphuric acid were heated 
under reflux for eight hours. The mixture was poured into a lity 
of water and sodium hydroxide added until the precipitate just 
dissolved. A stream of carbon dioxide was passed through the 
liquid and the ester was thus precipitated as an orange-red powder, 
This was collected, washed, and crystallised from alcohol, from 
which it separated as a brown powder melting at 186—187° (Found: 
C = 68-87; H = 5-30. Calc. for C,,H,,0;, C = 69-23; H = 5-13 
per cent.). It is readily soluble in alcohol, chloroform, ethyl 
acetate, or benzene, and sparingly soluble in acetic acid. It dis. 
solves unchanged in cold dilute sodium hydroxide solution, but is 
hydrolysed, yielding the fluorescein, when this solution is heated. 

Alkali Fusion of Succinylfluorescein.—Twenty grams of succinyl. 
fluorescein were heated under reflux for two hours with 80 grams 
of potassium hydroxide and 50 c.c. of water. At the end of this 
time the fluorescence was completely destroyed. The solution was 
then made up to 500 c.c. with water and carefully neutralised 
with acid. The solid which separated was collected, and the 
mother-liquor extracted several times with ether. The ether 
solution was distilled and the residual solid added to the original 
precipitate. The total solid was dissolved in water, boiled with 
animal charcoal, and allowed to crystallise. By two further 
recrystallisations from water, the decomposition product was 
obtained in colourless needles which melted at 205°. The acid 
thus obtained appears to be 8-2 : 4-dihydroxybenzoylpropionic acid. 


O y 
HO’, \% \Z \oH 
LoL I Ho%Now HO” Nor 
+e Seg ie ra [ | 4. | 
CoH po \7H \oo i 


(Found: C = 56:59; H = 4-89. Cale. for Cyg9H,0,;, C = 57-14; 
H = 4-76 per cent.). It is very soluble in hot water and in ether, 
and sparingly soluble in alcohol, acetic acid, or benzene. It gives 
a reddish-violet coloration with ferric chloride. 

The silver salt of the acid was obtained by dissolving 2 grams 
of the acid in 150 c.c. of water and neutralising the solution with 
ammonia. Any excess of ammonia was removed by boiling the 
solution and the silver salt was then precipitated by the addition 
of a slight excess of silver nitrate. The precipitate was collected, 
washed, and recrystallised from hot water, separating in colourless 
needles (Found: Ag = 33-77. Calc. for CyjH,O;Ag, Ag = 34:07 
per cent.). This result gives the value 213 as the molecular weight 
of the acid, the calculated value for C,9H,,0; being 210. 
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Succinyleosin, C,gH,O;Br,, was first obtained by Nencki and 


he: ; ae : ; 

— Sieber (loc. cit.) by the addition of a slight excess of bromine to a 

‘ iTeH olution of the fluorescein in 5 per cent. hydrochloric acid. A 
= better method of preparation consists in dissolving the fluorescein 

th the A : : ‘ 

vel in a slight excess of sodium hydroxide solution, and the theoretical 
er, amount of bromine in a separate quantity of sodium hydroxide. 

from - = * ae . 

als The two solutions were filtered, mixed, stirred rapidly, and the 

ae 13 whole was then poured into a slight excess of dilute hydrochloric 

pe acid. The brick-red precipitate was collected, washed, dissolved in 

ethy! ea at ne: 

t dis sodium hydroxide, and reprecipitated by acid. After washing and 
i drying, it was dissolved in ethyl benzoate and the warm solution 

but ls sie ‘ ° : e 

ted filtered into cold benzene, from which it separated as a brick-red, 

re j erystalline precipitate (found : C = 32:52; H = 1-46; Br = 53-35. 

MY" I Cale. for C4gH,O;Br, C = 3200; H = 1-33; Br = 53-33 per cent.). 

Tams “ ' . 

Ethic It is very soluble in ethyl benzoate and in phenol, moderately soluble 

an in nitrobenzene, but almost insoluble in the common organic 
S 


slised solvents. When heated, it blackens at 250° and decomposes. It 
| is readily soluble in solutions of the alkali hydroxides, carbonates, 


_ the ‘ : ' 
and bicarbonates, in the latter cases with evolution of carbon 
ethe ; 
other 
. dioxide. 
ginal ; _ : : ; : 
With The solution of the eosin in sodium hydroxide gives crimson 
recipitates on the addition of solutions of most metallic salts. 
ther J Precp ‘ 
was With cadmium, magnesium, and nickel salts these appear to be 
pier crystalline, whilst lead, chromium, zinc, manganese, calcium, 
acid, | ‘tvontium, and barium salts yield amorphous precipitates. Iron 
’ J and copper salts give brownish-red precipitates. 

Succinyleosin diacetate, CygH,O;Br,(CO°CH,)., was obtained by 
dissolving 2 grams of the eosin in 10 grams of acetic anhydride, 
and adding a few drops of concentrated sulphuric acid, when the 

& i J 
mixture became warm. After twelve hours, 50 c.c. of alcohol 
were added, the whole was warmed on the water-bath for an hour, 
7 and the solution poured into water, the precipitate collected, 
h ’ | washed, and recrystallised from alcohol. It separated in smail, 
er, 


.’ § colourless leaflets which on heating turned red at 185° and melted 
ves 7 at 189° with decomposition (Found: Br = 46-26. Cale. for 
C.oH,.0,Br,, Br = 46-78 per cent.). It is soluble in acetic acid, 


er alcohol, or chloroform, and moderately soluble in benzene. 

ate Succinyleosin dibenzoate, C,g,H,O;Br,(CO°C,H;)., was prepared by 
the heating 5 grams of the eosin with an excess of benzoyl chloride 
= for two hours at 150°. The cooled mixture was poured into 100 c.c. 
ed, of alcohol, warmed on the water-bath for an hour, and diluted with 
ese 200 c.c. of water. The precipitate was collected, washed, dried, 
07 and extracted several times with hot amyl alcohol, from which it 
om separated on cooling as an almost colourless solid. It was further 
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dissolved in epichlorhydrin and precipitated by alcohol as a colour. 
less powder (Found: Br = 39-92. Calc. for Cy9H,,0,Br,, Br = 
39-60 per cent.). When heated, it softens at 220°, and melts at 
275° (decomp.). It is very soluble in epichlorhydrin, ethyl benzoate, 
or tetrachloroethane, sparingly soluble in amyl alcohol, and almost 
insoluble in ethyl alcohol. 
Succinyleosin Diethyl Ether (coloured os form), 
Br Br 
wo \A¢G 


| e 
oe \cFZ en 
C,H,*CO,Et 
—-Seven grams of the eosin silver salt were heated with 50 c.c. of 
alcohol and 3 grams of ethyl iodide, in a pressure bottle, for eight 
hours at 100°. After cooling, the liquid was filtered from the 
precipitated silver iodide and concentrated until crystallisation 
commenced. The crystals were collected, washed, and recrystal- 
lised from dilute acetic acid, separating in red needles which melted 
at 210° (decomp.) (Found: C = 36:36; H=1-91; Br = 47-89, 
Cale. for C.9H,,0;Br,, C = 36:58; H = 2-44; Br = 48-8 per cent). 
The ether is very soluble in acetic acid, alcohol, or ether, and spar- 
ingly soluble in benzene. 
Succinyleosincarboxylic esier, 
Br Br 
Ho yy 


NAV 
O,H,*CO,Et 


was prepared ay heating 20 grams of the eosin with 30 grams of 
sulphuric acid and 40 grams of 96 per cent. alcohol under reflux 
for eight hours. The mixture was then poured into an excess of 
a dilute solution of sodium hydrogen carbonate, the precipitate 
obtained being collected, washed, and dried. It was purified by 
crystallisation from tetrachloroethane, separating as a crimson, 
crystalline powder (Found: Br = 51-02. Calc. for C,,H,.0;Br,, 
Br = 50-96 per cent.). It is very soluble in acetone, alcohol, or 
epichlorhydrin, moderately soluble in ethyl acetate, ethyl benzoate, 
or tetrachloroethane, and almost insoluble in acctic acid, benzene, 
or xylene. 

Dibromosuccinylfluorescein, C,,H,)0;Bra. was prepared in a 
manner similar to that used for the eosin, half the corresponding 
amount of bromine being used. The precipitate was collected, 
washed, dissolved in warm sodium carbonate solution, and repre- 
cipitated by the addition of acid. It was again collected, washed, 
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dried, dissolved in phenol, and the solution poured into benzene. 
The precipitate was collected and washed with benzene until it was 
frefrom phenol. The dull red powder obtained melted and decom- 
posed at 237°. It is soluble in phenol, ethyl benzoate, or nitro- 
benzene (Found: Br = 36-6. Calc. for C,,H,,0;Br., Br = 36-2 
per cent.). 

Dinitrosuccinylfluorescein hydrate, C,,H,,0,;>N2, was obtained by 
dissolving 5 grams of the fluorescein in 100 grams of concentrated 
nitric acid which had previously been cooled to 0° to —10°, and 
then adding quickly with constant stirring 10 grams of fuming 
nitric acid. The mixture was immediately poured into water, the 
precipitate collected, well washed, and dissolved in 10 per cent. 
sodium hydroxide solution. The solution was then just acidified 
with dilute acetic acid and kept over-night. Any slight precipitate 
of succinylfluorescein was removed by filtration and the dinitro- 
hydrate precipitated by the addition of dilute hydrochloric acid. 
It separated in very small, pale yellow prisms and was purified by 
recrystallisation from a large volume of hot water (Found: N = 
699. Calc. for C,gH,,0j;9No, N = 7-14 per cent.). The hydrate, 
which probably arises from the fission of the pyrone ring, is very 
soluble in alcohol or acetic acid, moderately soluble in hot water, 
and insoluble in benzene or chloroform. It decomposes suddenly 
with great violence at temperatures above 300°. 

Dinitrosuccinylfluorescein diacetate, Cy9H,,0,,;N., was prepared 
by heating 0-8 gram of dinitrosuccinylfluorescein hydrate with 
1 gram of fused sodium acetate and 4 grams of acetic anhydride 
for six hours on the water-bath. The mixture was poured into 
50 c.c. of alcohol, warmed on the water-bath for half an hour, and 
kept over-night. It was then gently warmed and water added 
until a faint turbidity was produced; the brown, crystalline powder 
that slowly separated was collected, washed, and recrystallised 
from dilute alcohol. It is readily soluble in alcohol, acetone, or 
acetic acid, and practically insoluble in benzene or chloroform. It 
decomposes with explosive violence at about 200° (Found: N = 
632. Cale. for Cy9H,,0,,;Nz, N = 6-11 per cent.). 

Teiranttrosuccinylfluorescein, C;gH,0,,N,, was obtained by heat- 
ing 5 grams of succinylfluorescein with 40 c.c. of fuming nitric 
acid for half an hour on the water-bath. The product was poured 
into 100 c.c. of water and the orange-yellow precipitate collected 
and washed. The solid was then dissolved in 10 per cent. sodium 
hydroxide solution and the sodium salt thrown down in the form 
of a yellow, crystalline precipitate by the addition of saturated 
brine solution. The salt was collected, decomposed by dilute 
hydrochloric acid, the resulting crude tetranitro-compound washed 
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with a small quantity of cold water and finally recrystallised from 
dilute alcohol, from which it separated in lemon-yellow rosettes of 
crystals. It melts at 203° and explodes violently at higher tem. 
peratures. It is very soluble in ethyl alcohol, moderately soluble 
in hot water, acetic acid, or chloroform, and slightly soluble in 
benzene. It decomposes the alkali carbonates, with evolution of 
carbon dioxide (Found: N = 12-25. Cale. for C,,H,0,,N,, 
N = 12-07 per cent.). 

The sodium salt of the tetranitro-compound, C,,H,0,,N,Na,, 
may be prepared by direct salting out from the tetranitro-compound 
by the addition of brine, but so prepared it contains a large pro- 
portion of sodium chloride, from which it cannot be freed. It 
was finally obtained by dissolving the tetranitro-compound in 
alcohol and adding a slight excess of sodium hydroxide, also dis- 
solved in alcohol. The lemon-yellow, flocculent precipitate, which 
became crystalline on standing, was collected and washed with 
alcohol until free from alkali. It is very soluble in water. Owing 
to the violent explosive decomposition of the substance on heating, 
the sodium content could not be estimated by ignition with sui- 
phuric acid, but was determined indirectly by evaporation of a 
weighed quantity of the salt with excess of hydrobromic acid on 
the water-bath. The residue was dissolved in water and the 
evaporation repeated, the amount of sodium bromide formed 
being then determined by precipitation with silver nitrate in the 
usual manner (Found: Na=9-14. Cale. for C,,H,0,,N,Na,, 
Na = 9-05 per cent.). 

The diacetyl derivative, CyyH,,0,;N,, was obtained by heating 
0-8 gram of the tetranitro-compound with 1 gram of fused sodium 
acetate and 5 grams of acetic anhydride on the water-bath for three 
hours and then finally boiling the mixture for half an hour. The 
product was poured into 50 c.c. of alcohol, heated on the water- 
bath for half an hour, and then kept for several hours until the 
excess of acetic anhydride was destroyed. The precipitate was 
collected and washed, first with alcohol and then with hot water. 
It was then dissolved in hot acetone and precipitated by pouring 
the solution into benzene. It does not melt, but explodes with 
violence when heated above 350°. It is fairly soluble in hot acetone, 
slightly soluble in alcohol, glacial acetic acid, or ethyl acetate, and 
insoluble in benzene, chloroform, ether, or xylene. It is very 
soluble in boiling pyridine, but is there hydrolysed to the tetra- 
nitro-compound (Found: N= 1013. Cale. for Cy9H 12015, 
N = 10-22 per cent.). 
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CCCXLVITII.—A New Type of Reduction—Oxidation 
System. Part I. Cysteine and Glutathione. 


By Matcotm Dixon and Juba Hirsch QUASTEL. 


THE discovery of glutathione as a normal constituent of all living 
tissues (Hopkins, Biochem. J., 1921, 15, 286), the peculiar relation- 
ships existing between it and the tissues, and its importance in the 
role of cell respiration have made the study of the dynamics of the 
oxidation of glutathione one of considerable interest. Glutathione, 
SH-CH,*CH(CO,H)*NH-CO-CH,°CH,°CH(NH,)-CO,H, is a dipeptide 
of cysteine, SH-CH,*CH(NH,)-CO,H, and glutamic acid, and, as 
might be expected, its behaviour in the tissues seems to be closely 
paralleled by that of cysteine. It has many features in common 
with cysteine, and the differences are such as not to indicate any 
essential dissimilarity between the chemical behaviour of the two 
compounds. Of considerable practical importance, however, is 
the difference between the solubilities of their oxidised forms 
({ and II). 


CH,S:S-CH, . — 
(0-NH-CH CH-NH-CO CH 2 S—S—CH, | 
CH, CO,H CO,H CH, CH-NH, CH-NH, 
JH, H, CO,H CO,H 
CH(NH,):CO,H CH(NH,)-CO,H 

(I.) (IL.) 


Oxidised glutathione is quite soluble in neutral, acid, or alkaline 
aqueous solutions, whilst cystine is soluble only in distinctly acid 
or alkaline solutions. 

The RSH — R°S-S:R system has hitherto been studied only 
from the point of view of reaction velocities. Electrometric evidence, 
which is necessary if the system is to be classed with the usual type 
of reversible reduction—oxidation process, is lacking. This lack of 
electrometric information appears to be due to the extraordinary 
difficulties experienced when potentials due to compounds of the 
type RSH are being measured. Continuous and extensive drifts of 
the potential appear to form the main feature of the system, if 


the ordinary platinum—calome! cell be adopted. 
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We have made an inquiry into the nature of these drifts, and 
although it is, as yet, difficult to state finally their actual causes, 
we have been successful in eliminating them to some extent in a 
modification of the platinum-calomel cell and in obtaining another 
cell which proves to be practically free from them. In no case, 
however, have we been able to attain the extremely high accuracy 
of measurement which obtains in the platinum-calomel cell con. 
taining such oxidation-reduction systems as the quinol—quinone 
or the ferrous-ion-ferric-ion. Nevertheless, the accuracy which 
has been attained is such that complete reliance may be placed on 
the potentials actually obtained—within the limits of error specified. 

Our first inquiries turned, naturally, to the elucidation of those 
factors governing the drift of potential in the platinum—calomel 
cell. It is well known that extensive drifts in potential will occur 
when platinum is used as an electrode, but never when the cell 
contains an oxidation-reduction system of the usual type. ‘This 
system immediately stabilises the potential, so that readings to a 
fraction of a millivolt are easily obtained and may be repeatedly 
reproduced. With cysteine-cystine mixtures, however, no such 
steady potential could be obtained. The readings in this case rose 
gradually to a maximum and then slowly fell. Our problem, then, 
was to determine how far the cysteine or cystine was responsible 
for the drift. With this point in view, we were able to trace three 
distinct factors governing the drift in buffer solutions containing 
neither cysteine nor cystine. These were : 

(1) The nature and previous history of the electrode. 

(2) The rate of stirring of the solution in which the platinum 
electrode was immersed. 

(3) The hydrogen- or hydroxyl-ion concentration of the solution. 

The facts that platinum will act as a very efficient hydrogen 
electrode and that under the conditions of our experiments it 
possessed a hydrogen pressure which was being continually varied 
by diffusion, etc., seem to be a plausible explanation of the normal 
drift. In the presence of cysteine the same factors operate in a 
similar manner, but superimposed upon the normal drift is the 
rate at which the electrode attains equilibrium with the cysteine. 
The latter, however, is generally fairly quick, so that the potential 
due to the cysteine is fairly rapidly reached, and this then slowly 
falls in the usual manner of non-cysteine solutions. With cystine, 
the normal drift alone appears to occur. The fact that the whole 
of the drift in cysteine solutions can be attributed to changes in 
the metal electrode itself is easily demonstrated by the following 
experiment. If the electrode, the drift of which has become small 
and regular, and has acquired a certain potential, be transferred to 
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a fresh cysteine solution (of the same composition as that from 
which the electrode has been transferred), the drift is resumed from 
this potential at the same small and regular rate. The temperature, 
of course, must remain the same throughout the work. We can 
safely exclude, therefore, the possibility of cysteine itself under- 
going changes in solution which bring about a drift in the 
reduction potentiai. 

The next step in the inquiry was to investigate the possibility 
of modifying the cell so that relatively steady potentials could be 
rapidly attained. Replacing our electrode (which was a short 
stout piece of platinum wire) by a platinum foil coated with 
platinum-black only resulted in the slowing of the drift. Since the 
foil could not by any means be obtained in a condition which 
eliminated the drift, it was finally abandoned Numerous attempts 
were then made to control the drift, and of these the following 
scheme proved to be the most efficient. 

Two platinum electrodes cut from the same wire and of the 
same length were used in conjunction with the calomel electrode. 
The cysteine solution was placed in the cell and a very small polar- 
ising current (of 10> amp.) passed between the metal electrodes. 
The polarisation was continued until the potential difference 
between either of the metal electrodes and the calomel had attained 
an approximately steady value. The polarising current was then 
discontinued and the rate at which the metal electrodes returned 
to an equilibrium point observed. The equilibrium point was 
attained far more rapidly in alkaline than in acid solutions. Both 
electrodes then gave steady values which were not affected by 
stirring or bubbling with nitrogen. The values, too, seemed to 
be independent of the initial states of the electrodes—for example, 
the values were the same whether the electrodes had been previously 
ignited or not. In alkaline solutions (y,>7'0), the system proved 
to be very satisfactory, both metal electrodes quickly assuming 
identical steady potentials. In acid solutions, however, the system 
was by no means so satisfactory, the electrodes only slowly attain- 
ing a steady value and then giving considerably different readings. 
A certain amount of work was done with this system on cysteine in 
alkaline solutions, but since it was subsequently found that at 
@ Py greater than 9°5 the behaviour of cysteine diverged consider- 
ably from the laws which were found to govern it below this py, 
the utility of the system was considerably limited. It was evident 
that, on the whole, platinum was an unsatisfactory electrode for 
this particular type of oxidation-reduction system. 

We therefore investigated other metal electrodes and of these 
pure gold proved to be the only one satisfactory. 
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The electrode actually adopted consisted of a pure gold plate 
(25 cm. by 1 cm. and 0°5 mm. thick). This gave very steady 
readings, independent of the rate of stirring, equally good in acid 
or alkaline solution, which returned to their initial values after 
slight anodic or cathodic polarisation. There was the objection, 
however, that the potential given by a definite concentration of 
cysteine or glutathione could not always be reproduced with great 
accuracy. Small deviations occurred which were probably con- 
nected with the conditions of the electrode system previous to the 
addition of the cysteine, but these were in no case sufficiently large 
to affect appreciably the magnitude of the potential. Whenever 
possible, in determining the effect of pq or of the concentration of 
the sulphydryl compound on the reduction potentials, the same 
initial conditions were obtained. 

The cell consisted of a closed vessel through which a stream of 
pure nitrogen was passed by means of a tube dipping in the solu- 
tion. The bubbling was continued while observations were taken, 
this being quite an efficient method of stirring. The calomel cell 
(containing saturated potassium chloride solution) was connected 
by means of a salt bridge to the solution in the vessel. In taking 
readings, the procedure, briefly, was to pipette a definite volume of 
a buffer solution into the vessel, to bubble nitrogen through vigor- 
ously, and to wait until the gold—calomel potential had reached a 
steady value. The gold electrode had been previously well washed 
with water, no other treatment being necessary. The steady value 
was usually attained in two or three minutes and gave us an indi- 
cation of the initial state of thesystem. If, on repeating the work, 
this particular value was not obtained, the contents of the vessel 
were rejected and the gold was rewashed and fresh buffer solution 
used. Generally, we were able to reproduce the initial value with 
considerable accuracy. A known volume of the solution of the 
substance under investigation was then introduced into the vessel 
and the potential of the solution, when steady, determined in the 
usual way by the potentiometer. The temperature was maintained 
throughout at 22°. 

Since the substances under investigation were of such a nature 
that they were easily susceptible to oxidation by the air, solutions 
of them, when made up to the correct py, were placed in tubes which 
were then thoroughly evacuated. Practically all the air was in this 
way removed from the solutions, which were not re-exposed for any 
period greater than the extremely short time necessary for the 
introduction of a quantity of the solution into the electrode vessel. 
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The Reduction Potentials of Cysteine-Cystine Mixtures. 


The most characteristic feature of oxidation—reduction systems 
of the usual type is the assumption of a stable potential difference 
which is determined by the ratio of the concentrations of the 
reduced to the oxidised form. The curve expressing the variation 
of the potential differences with the ratio of the concentrations of 
reduced and oxidised forms is always /-shaped, the point of inflec- 
tion lying at the point of equal concentrations of both forms. 
This follows theoretically from the conception of electronic transfer 
in reversible oxidation-reduction processes. 

With cysteine-cystine mixtures we found no such /-shaped 
earve. Fig. 1 illustrates the variation of potential differences 
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with different relative concentrations of cysteine and cystine at a 
constant p, (80). These results were obtained with the platinum 
system referred to above, and have been checked with considerably 
greater accuracy with the gold electrode. The observed potential 
differences can be converted to normal hydrogen electrode reference 
by the addition of 0°2475 volt. 

The unusual form of this curve led us to believe that cystine 
was not exerting an oxidation potential. The effect of adding 
cystine to cysteine solutions was therefore investigated, and it 
was found that the addition was entirely without effect on the 
reduction potential. Cystine, too, did not affect the steady potential 
attained in a buffer solution containing no cysteine. Hence Fig. 1 
exhibits the relation existing between various concentrations of 
cysteine and their potential differences (at the same py), and is 
quite independent of the quantity of cystine present. It does not 
express an oxidation-reduction curve of the usual type—the 
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reduction potential depends apparently solely on the concentration 
of the reduced form. 

In determining accurately the form of this curve under various 
conditions, cysteine alone was subsequently used—this procedure 
being quite justified by the absence of any effect due to cystine. 
In the following work, only the gold-calomel system was used, 
The cysteine was prepared by the reduction of cystine, which was 
itself prepared from the products of hydrolysis of hair. The 
cysteine was separated and recrystallised a number of times as 
the hydrochloride (m.p. 172° uncorr.). Analysis gave the theoretical 
quantities of nitrogen and chlorine. 


Variation with p, of the Potentials due to a Constant 
Concentration of Cysteine. 


Two methods are available for this determination. The first 
consists in making up buffer solutions of different hydrogen-ion 
concentrations and adding a volume of a standard solution of 
cysteine to known volumes of each buffer so that the concentration 
of cysteine in the buffer is always kept the same. The potential 
difference of each solution is then determined. The second method 
consists in adding a quantity of the standard solution to a known 
volume of the buffer solution and titrating the latter with alkali 
(or acid) to definite concentrations of hydrogen-ion. The second 
method proves to be the more accurate of the two, for the same 
initial conditions of the system obtain at each reading. Correc- 
tions are made for the alterations in concentration of cysteine by 
the addition of the titrating solution, but if a suitably high con- 
centration of cysteine be initially used the changes of potential 
cue to the concentration variations are of the order of a small 
fraction of a millivolt. The limit of error in all the following 
observations is 0°002 volt. 

Table I gives the results obtained with cysteine when the first 
method was adopted. The symbols 7, 79, and rg are defined by 
equations to be given later. 

Table IV gives those obtained with glutathione when the second 
method was adopted. 

In the first series of results (Table I), the concentration of the 
cysteine was N/665, 4 c.c. of a N/50-solution of cysteine being 
added to 50 c.c. of a buffer solution of known py. Experiment 
showed that the addition of the cysteine solution had no per- 
ceptible effect on the p, of the buffer solution. 

Fig. 2, in which the results given in Table I are plotted, demon- 
strates the linear relationship existing between the concentration 
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TABLE [. 
N /665-Cysteine. 
Obs. #.M.F. 


pH (volt). TT. To: TH. 
2°2 — 0°027 + 0°2205 + 0°184 11°84 
3°0 — 0:074 + 0°1735 + 0°184 11°83 
3°8 — 0°134 +- 0°1135 -+- 0°170 11°48 
4°2 — 0°140 + 0°1075 + 0°187 12°07 
4:8 — 0°206 + 0°0415 + 0°157 11°04 
50 — 0°207 + 0°0405 + 0°169 11°38 
5°6 — 0°238 + 0°0095 + 0°172 11°52 
6°0 — 0°255 — 0°0075 + 0°178 11°64 
6°2 — 0°275 — 0°0275 + 0171 11°46 
7:0 — 0°309 — 0°0615 + 0°183 11°89 
8°2 — 0°370 — 0°1225 + 0°192 12-20 
88 — 0°410 — 0°1625 +. 0°182 12-02 
9°8 — 0°441 — 0°1935 + 0°205 12°95 


Average ™ = + 0°176 (excluding pa 9°8). 
Average 74 = 11°70 (excluding py 9°8). 
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of hydrogen-ions and the potential differences of a constant concen- 
tration of cysteine. 


Variation of Potential Difference with Concentration of Cysteine 
at a Constant Hydrogen-ion Concentration. 


The method adopted here was to introduce known quantities of 
a standard cysteine solution of a known p, into 50 c.c. of a buffer 
solution of the same py. The quantities of cysteine, which were 
generally small, were added consecutively to the same solution, 
and the strength of the solution was calculated after every addition. 
In the experiment the results of which are tabulated in Table H, 
five quantities of 1 c.c. of N/50-cysteine at pq 60 were added 
consecutively to 50 c.c. of a buffer solution at py 60. In another 
experiment where the initial conditions of the system appeared 
to be somewhat different from those in the previous experiments, 
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the magnitude of the potentials for equivalent concentrations also 
differed. 
TaBLeE II. 


Cysteine (py6°0). 
Calculated #.M.F. 


Concentration. Observed £.M.F. from a = 0°176. 
N /2550 — 0°230 + 0:002 — 0°2234 
N /1300 — 0°244 a — 0°241 
N/883 — 0°250 i — 0°250 
N/675 — 0:256 - — 0°257 
N/550 —0260  ,, — 0°262 


Precisely the same relationship held, however, between cysteine 
concentration and #.M./. in this experiment as in the last. This 
will be seen from the close agreement existing between the observed 
and calculated values given in Table III. 


TaBieE IIT. 
Cysteine (pg 6°0). 
Concentration Observed Calculated E.M.F, 
of cysteine. £.M.F. from am = 0:110. 
0-1 C.c. of N/50-cysteine to 


50 c.c. of buffer solution ... N /25050 — 0°230 — 0:231 
0°1 C.c. of cysteine furtheradded N/12750 — 0°249 — 0°2485 
O'1 C.c. is ne me N/8383 — 0°260 — 0°259 
0:2 Cue. se ss a N /5050 — 0271 — 0271 
0°5 Cue. 3 ss sa N /2550 — 0°287 — 0°289 

Glutathione. 


Glutathione was investigated in a precisely similar manner to 
cysteine. It was found that the oxidised form behaved in a similar 
manner to cystine. It had no perceptible oxidation potential. 
Its action, however, was somewhat peculiar, in that its addition 
to a reduced glutathione solution invariably caused the potentia! 
to drift slowly a few millivolts in the direction of higher reduction 
potential. Reduced glutathione behaved similarly to cysteine. 

Tables IV and V summarise the results. 


TABLE IV. 
N /645-Glutathione. 
x = obs. H.M.F. 


Du. Obs. H.M.F. + 0°2475. To: rn. 
6-0 — 02025 4+- 0°0450 + 0-232 13°54 
6-2 — 02135 +- 0°0340 -L 0-232 13°56 
6-4 — 0:225 +. 0:0225 + 0-232 13°57 
6:6 — 0-235 + 00125 + 0:234 13-62 
68 — 02475 0-000 + 0-233 13-60 
7-0 — 0-259 — 00115 + 0-233 13°61 
7-2 — 0-2705 — 00230 + 0-234 13°61 
7-4 — 02805 — 00330 + 0-235 13°67 
76 — 02915 — 0-044 + 0°236 13-69 
7'8 — 0°3015 -— 0-054 4. 0°238 13°75 
8-0) — 0°3105 — 0-063 +- 0°240 13°80 
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TABLE V. 


Glutathione (pq 6°0). 
Cale. E.M.F. 
Conc. of from 
glutathione. Obs. H.M.F. m= 0°228. 
0:1 C.c. of N’/50-glutathione (py 6°0) 


added to 50 c.c. of buffer solu- — 0°09 
HOR Te BO) kncesesesscowsveneecesee N/25050 (not steady) —O0°113 
hase — 07132 ‘ 
0:1 C.c. of glutathione further added N /12750 . phen — 0°130 
' saiaia — 0-144 ; 
0'1 C.c. ig re a N /8383 +. 0-002 — 0141 
; — 0°152 

O11 C.c. ee N/6300, peg «= 0148 
0°5 C.c. és m ss N/2828 — 0170 — 0168 
1 C.c. ” om - N /1366 — 0°186 — 0°186 
1 C.c. # i na N/912 — 0197 — 0197 
1 C.c. si es * N /691 — 0°204. — 0°203 
2C.c. . i N/474 — 0-214 — 0-214 
5 Cc. s . N/279 — 0-232 — 0227 


In both the cases of cysteine and glutathione, the potential 
difference at a p,, higher than 9:5 had an anomalous value. Prob- 
ably the divergence from the linear relationship existing between 
p, and the potential difference for a constant concentration of 
cysteine and glutathione commences at a lower p,, but it does 
not become marked until this high valve is reached. In this 
phenomenon, cysteine and glutathione both resemble the quinol— 
quinone system. The relationship between the logarithm of the 
concentration of cysteine or of glutathione (at a constant p,,) and 
the potential difference is also linear and this linearity appears to 
be independent of the concentration of hydrogen-ions. 

The experimental results may be summarised briefly in the two 
equations : 

E (observed potential difference for constant concentration of 

N , 

RSH) = k.p, + &. 

E (observed potential difference for constant p,,) = k’’ loge + k’”, 
where hk, k’, k’’, and k’” are constants and c = concentration of 
RSH. 

Discussion. 

Assuming the oxidation of cysteine to cystine to take place 

according to the scheme 

2RSH — 2 © — RB'SS-R + 2H", 
we have for the affinity equation 

RT eT’ [RSH |? 


A = F log K ad F OS PReS-S-R ITH Pr . ° s (1) 
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where X is the equilibrium constant of the equation given above 
and the square brackets denote concentrations. 


E(E.M.F.) = A/2 (since # = affinity per gram-equivalent) 


RT a [RSHP 

= op 08 K — op 18 RS-s-RIH TP 

RT, - RT [RSH] 
we a ar log a 

gp 06K —“p -Pa— “pS FT eSsR] 


It is evident that this equation must yield a curve of the usual 
/-shaped type, and, moreover, the potential will be dependent on 
the concentration of cystine. A comparison of the actual results 
with the equation shows that the latter will apply rigorously if the 
term [R-S-S-R] be regarded as a constant. 

All the calculated results in the tables given above have been 
derived from the equation 


T= + 7 log [H*] — 2 log[CSH]. . . (2) 


where z = observed #.M.F. given with reference to the normal 
hydrogen electrode, 7) = “normal reduction potential” referred 
to the normal hydrogen electrode, and [CSH] = concentration of 
cysteine or glutathione expressed in gram-equivalents per litre. 
The constancy of zg is shown in Tables I and IV and the agree- 
ment between observed and calculated values is sufficient to place 
the accuracy of the equation (2)—below a pq of 9°0—beyond 
doubt. In Tables I and II, the values of rg [(using the notation 
of Clark, vide Clark, “‘ Determination of Hydrogen-ions,” 2nd edit., 
p. 260) where rg = — log p, and p= (hypothetical) hydrogen 
pressure at the electrode in equilibrium with the solution, and the 


. ‘siti RT D od 
relation of 7 to rg is given byz = — wan log x or ’g = o( St x) | 


have been given. It will be seen that these are constant at the 
concentration specified. Above py 95 there is considerable diver- 
gence from the constancy of ry or of 7». This is probably due to 
ionisation of or to some change in the condition of the — SH group 
at high concentrations of hydroxy]-ions. 

If the [R-S-S-R] term is to be regarded as a constant, it is obvious 
that this cannot represent the concentration of cystine. It seems 
almost necessary, therefore, to postulate the possible presence of 
an intermediate compound which would be the “ true” oxidised 
form of cysteine and is transformed irreversibly into cystine. In 
such a case the concentration of this intermediate oxidised sub- 
stance would appear to be maintained at a constant value—as 
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though the solution in presence of cysteine (or glutathione) must 
be “ saturated ’’ with respect to this particular compound. Con- 
cerning the existence or nature of the hypothetical substance, 
however, it would be unwise to make any further speculation until 
we know more of the dynamics of irreversible oxidations and 
reductions. 

Summary. 

1. The reduction potentials of cysteine—cystine and glutathione- 
oxidised glutathione mixtures have been investigated. 

2. The platinum-calomel cell usually employed for the deter- 
mination of the reduction potentials of systems of the type quinol—: 
quinone is not suitable for work on the RSH —- R-S:S-R type. A 
modification of this cell, which is only useful within a restricted 
range of p,,, is described. 

3. A gold-calomel cell has been substituted for the platinum— 
calomel with satisfactory results. 

4. The reduction potentials of cysteine and of glutathione are 
independent of the presence or absence of their oxidised forms. 

5. The variation of reduction potential with concentration of 
RSH and with py is given by the relation 


= + log [H*] — “FF log ¢, 


where + = observed potential, 7) = normal reduction potential 
and is a constant, and c = concentration of RSH. 

6. The significance of this equation in relation to that of the 
usual type of reduction—-oxidation system is discussed. 


We are indebted to Prof. F. G. Hopkins for his interest and 
encouragement in this work, and to the Department of Scientific 
and Industrial Research for grants. 
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CCCXLIX.—The Accurate Determination of Elevation 
of Boiling Point. 
By Kazimierz JaBiczyNski and StanisiLaw Kon. 
In order to improve the ebullioscopic method of determining 
molecular weights and bring it to the high degree of accuracy 


necessary for our investigations we devised a new model of ‘the 
apparatus, based on the use of a thermostat and the vigorous 
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stirring of the boiling liquid.* As a result of the stirring, a whirl 
is produced which sucks the vapour of the solvent into the liquid 
in the shape of small bubbles; these form ebullition centres which 
together with the motion of the liquid render it thermally homo. 
geneous and produce regular and quiet boiling. When a thermo. 
stat is employed, it is possible to control the heating of the liquid 
and to avoid almost completely the danger of superheating, because 
a difference of only a few degrees between the boiling point of the 
solvent and the temperature of 
the thermostat is sufficient to 
cause regular boiling. 

The apparatus, as illustrated, 
consists of a test-tube (A) blown 
out on one side at the bottom to 
allow the stirrer to revolve freely, 
The stem of the stirrer (C) passes 
through a glass tube forming a 
hydraulic seal and is prevented 
from vibrating when in motion by 
an india-rubber ring (B). <A few 
centimetres above the driving 
pulley a revolution counter is 
fixed. The height of the tube is 
215 mm., the general width 35 
mm., and the bulbous portion 
55 mm. in diameter. The ebullio- 
scopic vessel has the usual two 
side-tubes, pointing upwards at 
an angle of 45°. One of the 
tubes is connected with the 
condenser and the second one is 
used for introducing the pellets. 
The sides and bottom of the 
thermostat are covered with asbestos ; it contains 4 litres of glycerol. 
A gas-pressure regulator and a mercury thermo-regulator maintain 
the temperature within limits of + 0-1°. 

The Beckmann thermometer used in the determinations was 
very carefully calibrated, all the usual corrections being intro- 
duced. These corrections, amounting sometimes to 25 per cent., 
are neglected by the majority of workers; the inaccuracy of the 
ebullioscopic method is partly attributable to this cause. 


* A thermostat and a stirrer were employed by Beckmann (Z. anorg. 
Chem., 1914, 89, 171) in determinations made with mercury as solvent, as 
in that case the ordinary Beckmann method failed completely. 
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As the result of a number of experiments the average value of 
1519° on the Beckmann thermometer was found to correspond 
with 100°. 

Effect of Stirring —Seventy-five c.c. of freshly distilled water were 
introduced into the ebullioscopic vessel, the temperature of the 
thermostat was maintained constant, and the number of revolu- 
tions per minute of the stirrer was gradually increased from 0 to 
the maximum (2300). At each speed, ten observations were made 
every fifteen seconds. In Table I, the results are given for the 
thermostat temperature 107° and barometric pressure 751-2 mm. 
(corr. ). 
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TABLE [. 


Revs. per min. ... 0 400 600 900 1900 
Readings........+++. 3°650 to 3°500 to 1°854 to 1-794 to 1°716 to 


— 3-950 4-080 1-969 1-801 1-719 
1g a AVETAZC ....00.00008 3°848 3°765 1°873 1-797 1-718 
ated 

1 by The interpretation of these results is simple. At rates exceeding 
few § 900 r.p.m. the stirring is sufficiently rapid to form a whirl which 
‘ing J sucks vapour into the liquid and prevents superheating; regular 
is boiling is thus obtained. A further increase of the speed gives 
e is but a slow decrease of the superheating, which at the same time 
35 becomes more and more constant for the same number of revolu- 
ion tions; thus, for 900 revs. the variations amount to 0-007°, for 
io- 1900 only to 0-002°. Such a degree of accuracy has not previously 
wo been attained in ebullioscopic measurements. 

at It is obvious that there is a limit to the decrease in superheating 
he caused by the increase in the number of revolutions. This limit is 
he the true boiling point of water, which would be attained with an 
is infinitely great rate of stirring. This temperature was calculated 


by means of the extrapolation equation 


8. 
le 

n nn” ee to Ny 1 — Q 

s where ¢ is the temperature corresponding to » revolutions per 
q minute, and ¢, is the true boiling point. If our supposition were 
‘ correct, we should obtain the same value for é, by direct measure- 
, ment (above). A series of measurements was carried out for 


various thermostat temperatures and various barometric pressures, 
the rates of stirring varying from 1000 to 2200. The results obtained 
for the thermostat temperature 108° and corrected barometric 
pressure 769-7 mm. are given in Table II. 
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TABLE JI. 

n. t. % n. t. ‘ 
1180 2°011° 1°718° 2050 1-960° 1°703° 
1410 1°987 1°889 2200 1°951 
1600 1-981 1°827 Mean 1°784 
1800 1:972 1-782 Corrected and reduced to 


760 mm. _-1°519 
In Table III, the data obtained for fj are given. 


TaB_e IIT. 
Thermostat 
temperature. 107° 108° 109° 111° 114° 115° 121° 
te. 1°521° —-1°519° = 1°494°—-1°558°—-1°538°- 1°563° = 1-5 95° 
1-495° 1°521° —-1°535° 


The average value of fy is 1-529° at a barometric pressure of 
760 mm. and for n =o. Direct measurement gave 1:519°. The 
agreement, although not so good for the higher thermostat tem- 
peratures, is satisfactory between 107° and 109°. 

Influence of the Thermostat Temperature.—The influence of the 
temperature of the bath was found to be unexpectedly great; this 
temperature must be at least 104° to give regular boiling, the 
stirrer working at full speed; 107° appears to be the best. An 
increase of 1° in the thermostat temperature causes (for the same 
rate of stirring) a rise of 0-01° on the Beckmann thermometer, 
and for this reason it is necessary, during a series of determinations, 
to maintain a constant speed of stirring and a constant thermostat 
temperature. 

Superheating.—It is obvious from what has been said that it is 
impossible to avoid superheating completely. We are, however, 
only concerned with the determination of differences in boiling 
point, and these can be accurately determined, the essential con- 
dition being that the degree of superheating must remain constant 
during the experiment. This condition is not fulfilled in the 
ordinary apparatus of the Beckmann type, and is the chief cause 
of the untrustworthiness of the ebullioscopic method (compare 
Beckmann, Z. physikal. Chem., 1908, 63, 182). 

In the present apparatus, the degree of superheating is always 
strictly constant, because the conditions under which the liquid 
boils do not vary. This is proved by placing a control Beckmann 
thermometer in the vapour of the boiling solvent, when it is found 
that the differences in the readings of the two thermometers observed 
under widely differing atmospheric conditions do not vary by more 
than 0-002°. These differences do not, of course, represent the 
degree of superheating owing to the difference in the setting of the 
100° point on the two thermometers. 


03° 
84 
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The real degree of superheating for different rates of stirring 
can be calculated by subtracting the true boiling point of water 
(1-519°) from the average temperatures given in Table I, corrected 
to normal barometric pressure (760 mm.). 


TABLE IV. 


eeeeeeeeeeeeeee 


Method of Making Determinations.—The following optimum 
working conditions for the ebullioscopic apparatus were adopted : 
(a) Temperature of the thermostat 107°. (b) Number of revolu- 
tions per minute 1850. For controlling the barometric variations 
a control Beckmann thermometer, placed in the vapour, was used. 
The thermometer was tapped with an electric knocker to prevent 
the mercury remaining in the capillary tube. Observations of the 
temperature were made with the ebullioscopic thermometer every 
fifteen seconds, the average being taken. The variations never 
exceeded -++- 0-002°. 

The amount of water introduced into the ebullioscopic vessel 
was 74:93 grams (75 c.c. at 15-2°). The amount of water condensed 
in the form of vapour was estimated as follows: to the usual 
quantity of water about 4 grams (carefully weighed) of pure sodium 
chloride were added and the stirrer was set in motion. When 
thermal equilibrium was established, the solution was siphoned 
off without interrupting the stirring, cooled, an aliquot portion 
(about 25 c.c.) evaporated to dryness and ignited, and the residual 
sodium chloride weighed. From these data it was calculated that 
1:32 grams of the original 74-93 grams of water were condensed 
against the walls or present in the form of vapour; the remaining 
73-61 grams were contained in the solution. In subsequent deter- 
minations the weight of water in the solution was assumed to be 
73°61 grams. 

Boric Acid.—The commercial substance was recrystallised three 
times from water and dried at 50°. In Table V and subsequent 
tables the following symbols are used: h = corrected barometric 
pressure, g = number of grams of the substance in 73-61 grams of 
water, Ny = number of gram-molecules of the substance in 1000 
grams of water, At = elevation of the boiling point, At/N, = mole- 
cular elevation of the boiling point, and M = molecular weight as 
calculated from the equation 


0-52 x 1000. g 


M = “73-61, * ai" 
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TABLE V. 

Boric acid, H,BO,. Mol. wt. 62-02. h = 737-3 mm. 

q. 0 At. At/No. M. 
1°8700 0°4096 0°214° 0°5225 61°73 
3°6664 0-8030 0-421 0°5242 61°52 
5°4318 1-1897 0°625 0°5253 61°40 
7°3042 1-5998 0°838 0°5238 61°57 
9°2681 2-0300 1-061 0°5227 61:71 
11-0338 2°4167 1:265 0°5234 61°62 
12-8661 2°8180 1:472 0°5223 61°75 
145030 3°1766 1-656 0°5213 61-86 
Mean 0°5232 61:64 


It will be seen from this table that the maximum deviation 
between two determinations does not exceed 0-8 per cent. and 
the average calculated molecular weight differs from the theo. 
retical only by 0-6 per cent.; such a degree of accuracy has not 
been attained hitherto. It can also be seen that there is no differ. 
ence between the first determination and those following: the 
change of surface tension has no influence on the boiling point: 
this is not the case when an apparatus of the Beckmann type is 
used. It is also another proof that the degree of superheating in 
our apparatus is constant. 

Electrolytes.—One of the chief aims of the present work was to 
obtain exact ebullioscopic data for strong electrolytes in order to 
verify the Jablezynski and Wisniewski dilution law * n4/n) = K, 
where » is the concentration of one of the ions and x, the con- 
centration of the non-ionised molecules. In order to calculate » 
from ebullioscopic data the equation used was 


. 


At 
N= 5.59 — No OE che iar es a 


If solvation occurs, this equation becomes 


~1+0018A4At/0-52 °“ © 7 0 


Ny = 


where A is the number of water molecules combined with one 
kation and one anion. 
As electrolytes, sodium, potassium, and ammonium chlorides, 
bromides, and iodides, and hydrochloric acid were used. 
Sodium Chloride——The Kahlbaum preparation “zur Analyse” 
was dissolved in water, precipitated with hydrogen chloride gas, 
washed, dried, and ignited in a platinum vessel. 


* Jablezyiski and Wisniewski, Spraw. Tow. Nauk. Warsz., 1918, 11, 351; 
Roczniki Chemji, 1921,1, 116; A., 1922, ii, 190. The mathematical deduction 
of the law is given in the first-mentioned paper. 
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TasBLeE VI. 


Sodium chloride. #2 = 757-0 mm. 
x. K,. 
No: At. K. (6°5H,0O). Nog. At. K. (6°5H,O). 
(02085 O191° 1:73 138] 1:5045 1:493° 10°99 214 
0°4924 0°469 3°67 2°18 1°7672 1:780 17°61 2-14 
0°9208 0-888 5°46 2°15 1°9824 2-022 30°99 2°13 
1°:2250 1200 781 9°17 2°2639 2°347 205°03 2°12 


2-12 
Mean 2°15 


For h = 751-2 mm., the mean value of K,(6-5H,O) is 2-07. 

In the third column of each series is the equilibrium constant, K, 
calculated from equation (1); it increases rapidly with the con- 
centration. If it is assumed that the ions are hydrated and that 
sodium- and chlorine-ions are both combined with 6-5 molecules 
of water (Jablezynski and Wisniewski, loc. cit.), and K, is calculated 
by means of equation (2), a remarkably constant value is obtained 
(column four). ‘The cause of the abnormal value of the first measure- 
ment (and, in general, of measurements below a concentration of 
0-5N) is being investigated. In the present paper, the values for 
concentrations below 0-5N are omitted. 

K was also calculated from the equation of Washburn and Read 
(J. Amer. Chem. Soc., 1919, 41, 729), a constant value being obtained ; 
taking A = 7H,O, the constant thus calculated, K, = 2-54, was 
slightly higher than that given above. 

Potassium Chloride-—The Merck preparation “zur Analyse ” 
contained small quantities of bromide. In order to eliminate 
this, a saturated aqueous solution of the salt was saturated with 
hydrogen chloride, boiled, evaporated, and the potassium chloride 
twice recrystallised from water and finally precipitated from its 
aqueous solution with hydrochloric acid, washed, dried, and ignited 


in a platinum vessel. The yicld from 1 kilogram was 200 grams, 


TABLE VII. 
Potassium chloride. h — 740-5 mm. 


K, K 


Ny. At. K. (4H,0). Ny. At. K. (44,0). 
(03853 0358° 248 1-97] 00740 1:006° 383 2-16 
05343 0496 «2°95 = 208)——«*-2678—sd192s 424 T 
07133 0661 295 202 14533 41371 462 214 
08842 0824. 339210 Mean 2°10 


For h = 748-1 mm., the mean value of K,(4H,O) is 1:99. The 
average of the two series is K = 2-05 for 4H,O combined with 
the ions. The constancy is good. It must be remembered that 


a variation of 0-001° in At has a marked effect on the value of K,. 
Ammonium Chloride-—Merck’s preparation “zur Analyse ” was 
twice recrystallised from water and dried at 100°. 


The results of 
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a series of determinations are given in Table VIII. The cop. 
stancy of K, is remarkable; the hydration of the ammoniuy 
chloride is nearly the same as that of potassium chloride, which 
is to be expected, as these salts are chemically very similar. 


Taste VIII. 
Ammonium chloride. hk = 765-1 mm. 
K, K, 
Ne At. K. (4H,0). Ny. At. K. — (4H,0) 
[0-381 0°357° 2°66 2°22] 1°2309 1°128° 3°14 2-03 
0°6281 0-578 2°62 2°04 1°4580 1°338 3°35 2°02 
0°8255 0°757 274 2°03 1:6731 1°535 3°52 2-00 
1:0288 0:942 2°93 2°02 1°8970 1:749 3°87 2-03 
Mean 2°02 


For h = 755-0 mm., the mean value of K,(4H,O) is 1-99. The 
average value of K,(4H,O) for both series is 2-01. The equilibrium 
constant was also calculated from the vapour pressure data of 
Tammann (Landolt-Bérnstein tables, 3rd ed., p. 414), the number 
of ions, »,, being calculated from the van’t Hoff equation, assuming 
hydration, log p/p; = (No + ”)/(1000/18 — An,); the average 
value of K, was found to be 1-94. 

Sodium Bromide.—The preparation was twice recrystallised from 
water and dried at 150° to constant weight. 


TABLE IX. 
Sodium bromide. = 746-8 mm. 
1 Ky 
Ny At. K. (9H,0). Ny. At. K. (9H,0). 

[0°3643 0°340° 2°67 1°63] 1°5319 1:603° —95°42 2°10 
0°7444 0°730 6°75 2°11 1°7501 1-866 — 25°16 2°10 
1°1082 1/118 15°89 2°11 1:9970 2-169 — 15:90 2:02 
1°3324 1-372 54°07 2°13 2°2320 2-472 — 11°84 1°99 
Mean 2°08 


For h = 752-4 mm., the mean value of K,(9H,O) is 2-05, the 
average value for both series being 2-06. The higher hydration 
of sodium bromide in comparison with sodium chloride agrees 
with the greater solubility of the bromide in water and with its 
hygroscopic nature. 
were stable; after half an hour’s boiling, the reaction was neutral 
and they were colourless. Jahn therefore was in error when he 


attributed the discrepancy between the cryoscopic measurements 
obtained with sodium bromide and the values calculated from his 
equation to the oxidising action of atmospheric oxygen (Z. physikal. 
Chem., 1904, 50, 166), and his equation was founded on false 
premises. 

Potassium Bromide-—The Kahlbaum preparation was twice 
recrystallised from water and dried at 150° to constant weight. 


The sodium bromide solutions used by us 
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TABLE X. 
Potassium bromide. h = 746-6 mm. 
K, K, 
Ne At. K. (6H,O). No. K. (6H,0). 


(0°3504 0°326° 2°44 1°81] 1:0406 0°995° 4°98 2°05 
0°5239 0°492 3°37 1-98 1°1987 1152 5°60 2-03 
06990  0°659 3°60 1:99 13749 1331 6°59 2-03 
08708 0°827 4°26 2°03 Mean 2°02 
For h = 753-0 mm., K,(6H,O) is 1-98 (mean value), and the 

average value for both series is 2-00. The greater degree of 
hydration of potassium bromide in comparison with potassium 
chloride is doubtless connected with the fact that potassium bromide 

js more soluble in water and more hygroscopic than potassium 
chloride. 
Ammonium Bromide.——The Kahlbaum preparation was twice 


recrystallised from water and dried at 90—100°. 


TABLE XI. 
Ammonium bromide. / = 751-0 mm. 


K,. Ky, 
.. Al. K. (45H,O). Ng. At. ss (4°5H,0). 
{04471 0-414° 2°51 190] 1°3857 1°308° 4°60 2°06 
0°6768 0°632 3°17 2°07 1-6406 1°556 5°17 2°03 
09175 0-854 3°38 1:98 19874 1°899 6°11 1:99 
11568 1:085 3°99 2-04 Mean 2°03 


The ammonium bromide decomposed in the boiling solution, 
for the odour of ammonia was detected. The hydrolysis * had 
only a very small effect on the boiling point, as a corresponding 
quantity of hydrogen bromide was produced. 

Potassium lIodide—-The preparation was twice recrystallised 
from water and once from absolute ethyl alcohol. The salt was 
then dried at 130—140° and kept in a desiccator in a dark bottle. 
The yield from 1 kilo. was 60 grams. After being made, the pellets 
were dried for four hours at 130—140°. 


TABLE XII. 
Potassium iodide. h = 746-8 mm. 
: P ky . ? C4 
N,. At. K. (SH,O). No: At. K. (8H,0). 
[0-4191 0°390° 2°60 1:80]  1:0056 0-983° 7-03 1:99 
0°5782 0°549 3°71 1-90 1:1432 1°130 9-18 2-02 
0°7114 0°682 4°55 1°95 1:2778 1:273 11°47 2-00 
08709 0°846 6°00 2°01 Mean 1°98 


For h = 749-4 mm., K,(8H,O) = 2-00 (mean); the average 
value for both series is 1-99. The greater degree of hydration in 


* Naumann and Riicker give the degree of hydrolysis of ammonium 
bromide in N-solution as equal to 0°03 per cent. at the boiling point. 
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comparison with potassium bromide is in keeping with the greater 
solubility in water of potassium iodide. 

Ammonium Iodide.—The crude product showed signs of decom. 
position. In order to free it from iodine it was repeatedly washed 
with ether. The slightly coloured salt was then dissolved in pure 
ethyl alcohol and precipitated with chloroform, and the crystalline 
powder washed with chicroform and kept in a dark desiccator, 
It was dried directly before use; the product thus obtained was 
snow white. The pellets were once more dried before being 
weighed. 

TaBLe XIII. 


Ammonium iodide. kh = 758-0 mm. 


x K, 
No: Al. K. (5°5H,O). Ny. at. K. — (5:5H,0). 
[0-4652 0439°—' «B18 = 4])=—s2248 = sd168° 506 202 
06280 0589 3:26 200 15280 1474 646 202 
03990 0-847 3°88 1:99 
10552 «10042 4-660 2-07 Mean 202 


For h = 759-0 mm., K,(5-5H,O) = 1-94 (mean); the average 
value for both series is 1-97. The constancy of K, is good, 
although the variations are greater than in the case of the other 
salts. Ammonium iodide also decomposes slightly when its 
solution is boiled. 

Sodium Lodide.—A solution in ethyl alcohol of the iodide, coloured 
brown by iodine, was filtered, the alcohol evaporated, and the salt 
twice recrystallised from water and dried in a vacuum at 90—100° 
and finally at 130—140°. The resulting crystalline powder was 
snow white and absolutely dry. The pellets were dried again for 
four hours at 130—140°. 


TABLE XIV. 


Sodium iodide. hk = '755°7 mm. 
Ky iG 
Nes At. kK. (12°5H,O). No. Ai. A. (12°5H,0). 
0°3432 0°334° 4°54 2°04 1°3889 1°509° — 13°89 1°88 
0°6927 0-702 16°10 2°13 1°5819 1°752 — 10°55 1°81 
100388 1051 —293°17 2°04 11-7691 1:997 — 8°74 1°75 
1°2057 1:286 — 22°02 1°94 1°9644 2-260 — 762 1°69 


Sodium iodide differs entirely from the other salts. The 
equilibrium constant calculated for the anhydrous salt increases 
very rapidly and for a normal solution gives negative values, 
showing the high degree of hydration of the sodium and iodine 
ions. The hydration of these ions must be greater than in the 
case of potassium iodide, just as sodium chloride and sodium 
bromide are more highly hydrated than potassium chloride and 
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promide. Furthermore, the equilibrium constant with hydration 
for sodium iodide must be nearly the same as for the above-men- 
tioned salts, as they are all electrolytes of the same strength. 
Taking these considerations into account, K was calculated for 
125H,O. The constant, unfortunately, decreases distinctly for 
higher concentrations. This phenomenon is doubtless caused by 
the association of the sodium iodide molecules ; it is to be expected 
that lithium iodide will show the same peculiarity to an even 
greater extent. Unfortunately, this salt was not available for 
experiment. 

Hydrochloric Acid.—The acid used was quite pure. Seven 
solutions of different concentrations were prepared and a separate 
observation was carried out with each. The barometric pressures 
were nearly identical. 

TABLE XV. 
Hydrochloric acid. 


K, Ky 

No. Af. z. (8°5H,O). No. Al. K. (8°5H,O) 
0°2892 0°278° 3°51 3-22 1°5107 1:°627° = 17°67 2°71 
0°5870 0°583 8°2] 2°68 1°8453 2-046 10°94 2°63 
0°8926 0°908 20°76 2-70 2°1612 2-466 8°73 2°57 
]:2269 1°287 63°98 2°72 Mean 2°67 


Comparison of the Results.—The equilibrium constants and the 
hydration of the ions are given in Table XVI. 


TABLE XVI. 


Chloride. Bromide. Lodide. 
ky, Hydrtn. A, Hydrtn. A, Hydrtn. 
Hydrogen ......... 2°67 8:5 — —- ~— _- 
BOGE oscccwsercc 221 6°5 2°06 9°0 - ae 
Potassium .......0- 2-06 4-0 2-00 6:0 1-99 8:0 
Ammonium ...... 2-01 3°0 2°03 4°5 1-97 5d 


The equilibrium constant is nearly identical for ali the salts; 
they must therefore be equally ionised. A higher value is observed 


only for hydrochloric acid; the acid is thus a stronger electrolyte 
than its salts. The hydration depends on the anion and the kation, 
and the following rule can be deduced: in the case of the alkali 
halides, the hydration increases with the weight of the anion and 
decreases with an increase in the weight of the kation. 

From the data obtained by us it is impossible to calculate the 
hydration of each separate ion; this must be done by other means. 
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CCCL.—Ezperiments on the Synthesis of the Polyacetic 
Acids of Methane. Part VIII. An Improve 
Synthesis of Methanetriacetic Acid. 


By Marcet Henry Dreiruss and CuHRisTorpHER KeLk Incoxp. 


THE synthesis of methanetriacetic acid starting with commercial 
citric acid (Ingold, T., 1921, 119, 341) suffers from the disadvantage 
that the preparation of acetonedicarboxylic acid and its reduction 
to §-hydroxyglutaric acid are laborious operations when conducted 
on a large scale. An alternative method of synthesis (Ingold and 
Perren, T., 1922, 121, 1414), which starts with commercial ethy! 
malonate al is based on a series of balanced reactions, is slov, 
because the balanced reactions catalysed by piperidine require 
about a month to reach equilibrium; moreover, the yields ar 
considerably smaller than in the first synthesis. 

8-Hydroxyglutaric ester has now been prepared by a method 
suitable to large-scale working. The commercial starting point is 
«-dichlorohydrin, and the reactions are those represented by the 
iets: formule : 


H,Cl CH,’CN OH,°CO,Et 
CH: OH KON in SON in aq. mee CH: ‘OH EtOH and = CH: OH 
CH,Cl CH,-CN CH,CO,Et 


The formation of the nitrile and its conversion, without puri- 
fication, into the ester both take place smoothly, the yield of 
8-hydroxyglutaric ester being 75 per cent. calculated on the 
chlorohydrin originally employed. 

Morgenstern and Zerner (Monatsh., 1910, 31, 777), who first 
obtained dicyanohydrin as an amorphous substance which could 
not be purified, did not succeed in hydrolysing it to @-hydroxy- 
glutaric acid, but obtained glutaconic acid from it by treatment 
with alkalis; a result which is readily explicable in the light of 
Fichter and Dreyfus’s experiments (Ber., 1900, 33, 1453) on the 
dehydration of $-hydroxy-acids in the presence of alkalis. 

In order that ethyl acetoacetate or ethyl malonate may be 
employed in place of the less available ethyi cyanoacetate for the 
introduction of the third acetic acid group, ethyl -hydroxy- 
glutarate, which does not appear to condense to any considerable 
extent with either of the former substances, is converted by phos- 
phorus pentachloride into ethyl 8-chloroglutarate (87 per cent. 
yield); this substance reacts with ethyl malonate or ethyl aceto- 
acetate to give ultimately methanetriacetic acid or its ester in 
even better yield than that obtained in the original process (loc. cit.). 
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ge, CH-CH(CO,Et), Gisgcoperenty CH(CH, ‘CO,H), 
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8 OH: CH(CO, Et)CO-CH, ——_,> CH(CH,CO,Et), 


“2” OH,-CO,Et per cent.) 


EXPERIMENTAL. 


Preparation of Ethyl @-Hydroxyglutarate from «-Dichlorohydrin.— 
A solution of pure dichlorohydrin (64 grams) in 100 c.c. of methyl 
alcohol was boiled under reflux for half an hour while a solution 
of 65 grams of potassium cyanide in 60 c.c. of water was gradually 
added. The mixture was left on the steam-bath for one hour, 
cooled, the potassium chloride removed, the filtrate evaporated under 
reduced pressure, and the residue mixed with a small quantity of 
absolute ethyl alcohol. This solution was filtered, and evaporated 
under reduced pressure at 40—50°. The brown, amorphous 
residue (53 grams) consisted essentially of «-dicyanohydrin. 

The crude product was mixed with 100 grams of ethyl alcohol 
and 40 grams of concentrated sulphuric acid (or the same quantity 
of ethyl alcohol saturated with hydrogen chloride), and the solu- 
tion boiled for eight hours, cooled, and poured on to crushed ice. 
The oil was extracted with ether, and the extract washed with 
aqueous sodium carbonate and dried with sodium sulphate. The 
residue obtained on evaporation of the ether yielded on distillation 
a fraction, b. p. 154—157°/11 mm., weighing 76 grams, and con- 
sisting of pure ethyl g-hydroxyglutarate, the yield amounting to 
75 per cent. of the theoretical calculated on the dichlorohydrin 
employed * (Found: C6528; H=7-9. Calc., C= 529; 
H = 7-8 per cent.). A fraction, b. p. 135—148°/11 mm., weighing 
5 grams, and consisting essentially of ethyl glutaconate, was also 
collected. 

«-Dibromohydrin may be used in place of «-dichlorohydrin in 
the above preparation. The ultimate yield is the same. 

* Lespiran has recently (Bull. Soc. chim., 1923, [iv], 38, 725) described 
the conversion of a-dicyanohydrin into ethyl §-hydroxyglutarate, but he 
obtained only a 50 per cent. yield even after complete purification of the 
nitrile, 


2966 DREIFUSS AND INGOLD: EXPERIMENTS ON THE SYNTHESIS 


was P 
washe 

Kthyl $-Chloroglutaraie.—Ethyl f-hydroxyglutarate (50 grams) §sulph: 
was dissolved in 250 grams of dry ether and treated with 50 grams Jat 20! 
of phosphorus pentachloride. The product of the reaction was §ent. 
poured into water, and the ethereal solution washed with aqueous requil 
sodium carbonate, dried with sodium sulphate, and evaporated, J pure | 
The yield of ethyl 8-chloroglutarate, 48 grams, was 87 per cent. of 
the theoretical. (The ester cannot be distilled.) 8 

Ethyl w-Carboxymethanetriacetate—Ethyl malonate (32 grams) | Eth 
and ethyl $-chloroglutarate (44 grams) were successively added to § sodio: 
a solution of sodium ethoxide prepared by dissolving 4-6 grams of 4.6 g 
sodium in 60 grams of alcohol. The mixture became neutral after | 44 gr 
heating for half an hour on the steam-bath, and was then poured § three 
into water. The solution was evaporated sufficiently to remove § jsolat 
the bulk of the alcohol, acidified with hydrochloric acid, and ex- J extra 
tracted with ether. The extract was washed with aqueous sodium J extra 
carbonate, dried with sodium sulphate, and evaporated, and the § 9) pe 
residue distilled. A fraction, b. p. 200—205°/12 mm., was obtained, } jillat 
weighing 58 grams, and consisting of pure ethyl w-carboxymethane- 4 wm. 
triacetate, the yield amounting to 85 per cent. of the theoretical | q — 
(Found: C=55-4; H=7-75. C,,.H,,O, requires C = 55-5; [it is 
H = 7-5 per cent.). hecat 

Unlike the condensation product with ethyl acetoacetate, the ] triac 
above ester must be carefully purified by distillation, as other- ] only 


Synthesis of Methanetriacetic Acid using Malonic Ester. 


wise the methanetriacetic acid obtained from it does not solidify Et 
completely and has to be purified through its ester. was 

Methanetriacetic Acid.—The pure ester (1 part) was mixed with J pare 
cold concentrated sulphuric acid (1 vol.), after which water (1 vol.) J the | 


was added, and the whole heated until carbon dioxide ceased to J with 
be evolved (about forty minutes). The mixture was cooled, afurther ] resic 
quantity (2 vols.) of water added, and the whole boiled for three hours J triac 
under a reflux condenser short enough to permit the escape of M 
alcohol vapour. Finally, the solution was cooled, saturated with ] with 
ammonium sulphate, and the methanetriacetic acid extracted with ] suffi 
ether. The yield of nearly pure acid, m. p. 110—115°, was 90 per J] cool 


cent. of the theoretical. trac 
Ethyl Methanetriacetate-——-The syrupy methanetriacetic acid met 
which is obtained if the tetraethyl ester is not distilled before ] cry; 


hydrolysis may be purified by way of its ester. A mixture of non- | m».] 
crystallisable syrup (9 grams), 25 grams of ethyl alcohol, and 1 gram J per 
of concentrated sulphuric acid was boiled for eight hours, a current i 
of ethyl alcohol vapour being passed through the solution in order 
to carry away the water formed during the reaction. The product 
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yas poured into water and extracted with ether, and the extract 
washed with aqueous sodium carbonate and dried with sodium 
sulphate. After evaporation of the ether the residue distilled 
at 200—205°/19 mm. The yield was 12 grams, that is, 94 per 
ent. of the theoretical (Found: C = 56-7; H = 8-2. Cj,H.0¢, 
requires C = 56-9; H = 8-1 per cent.). The distilled ester gave 
pure methanetriacetic acid on hydrolysis with hydrochloric acid. 


Synthesis of Methanetriacetic Acid using Acctoacetic Ester. 


Ethyl w-Acetylmethanetriacetate.—An alcoholic suspension of ethyl 
sodioacetoacetate, prepared from 26 grams of ethyl acetoacetate, 
46 grams of sodium, and 60 grams of alcohol, was mixed with 
44 grams of ethyl $-chloroglutarate, and the mixture warmed for 
three-quarters of an hour, when it became neutral. The ester, 
isolated by pouring the solution into dilute hydrochloric acid, 
extracting it with ether, and washing, drying, and evaporating the 
extract as usual (the yield of crude ester was 50 grams, that is, 
80 per cent. of the theoretical), was purified for analysis by dis- 
tillation, and was isolated as a colourless liquid, b. p. 198—203°/11 
mm. (Found: C = 57-1; H=7-7. C,;H,,0, requires C = 57-0; 
H= 7-6 per cent.). For the preparation of methanetriacetic acid 
it is unnecessary and even undesirable to distil the crude ester, 
because the chief impurity is the alcoholysis product, ethyl methane- 
triacetate, from which ethyl acetylmethanetriacetate is separated 
only with difficulty and loss of material. 

Ethyl Methaneiriacetate.—The preceding crude ester (32 grams) 
was boiled for two hours with a solution of sodium ethoxide pre- 
pared from 2-3 grams of sodium and 30 grams of ethyl alcohol, and 
the product was poured into dilute hydrochloric acid and extracted 
with ether. The extract, after the usual treatment, yielded a 
residue which on distillation gave 24 grams of pure ethyl methane- 
triacetate, that is, 90 per cent. of the theoretical. 

Methanetriacetic Acid.—The ester was boiled for three hours 
with 30 per cent. sulphuric acid (4 vols.), a condenser being used 
sufficiently short to permit the escape of alcohol vapour. The 
cooled solution was saturated with ammonium sulphate and ex- 
tracted with ether, from which a quantitative yield of nearly pure 
methanetriacetic acid, m. p. 114—119°, was obtained. A single 
crystallisation from dry ether yielded the acid in a state of purity, 
m. p. 126° (Found: C = 44-4; H=5-2. Cale.,C = 44-2; H = 53 
per cent.). 
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CCCLI.—Chloro-o-xylenols. Part I.  5-Chloro-o-3. 
aylenol, 6-Chloro-o-3-xylenol, and 5-Chloro-o-4-aylenol, 


By Lronarp Eric Hryxet, Wiit1am THomas COoLLins, ani 
Ernest Epwarp AYLING. 


THE object of this series of investigations is the synthesis of the 
chloro-o-xylenols, since they are not described in the literature, 
In a previous communication (T., 1922, 121, 2498) it was shown 
that phosphorus pentachloride reacts with chlorodimethyldihydro. 


resorcinol, CMe <CH, COS onc] (I), in a complicated manner, 
°SCH;-CO 


several simultaneous reactions taking place with the formation of 
hydroaromatic and aromatic compounds. From the latter, a 
monochloroxylenol melting at 80—81° was isolated, but beyond 
the fact that on treatment with chlorine it yielded a trichloroxylenol 
melting at 181°, no evidence of its constitution could be obtained. 

It has been shown (Crossley and Renouf, T., 1914, 105, 168) 
that the action of heat on 4: 5-dibromo-l1 : 1-dimethyl-A*-cyclo. 
hexen-3-one results in the formation of a mixture of 5-bromo-o- 
3-xylenol and 6-bromo-o-4-xylenol. The corresponding dichloro- 
dimethyleyclohexenone is more stable than the dibromo-compound 
and does not yield a chloroxylenol on heating; moreover, it is the 
chlorine atom in position 5 which is the more easily removed, 
since monochlorodimethyldihydroresorcinol (I) can be readily 
regenerated from it (compare Crossley and Renouf, loc. cit.). 

It would therefore appear that the monochloroxylenol melting 
at 80—81° is produced, not directly from the dichlorodimethyl- 
cyclohexenone, but at some earlier stage of the reaction between 
phosphorus pentachloride and _ chlorodimethyldihydroresorcinol. 
The first stage in this reaction results in the formation of a very 
unstable trichloro-derivative (II) which readily loses hydrogen 
chloride (T., 1922, 121, 2499). This loss may occur in two ways, 
either at the carbon atoms 4 and 5 or 5 and 6. It is probable that 
both decompositions take place, resulting in the formation, in the 
former case, of the stable dichlorodimethylcyclohexenone (III) 
and, in the latter case, of an’ unstable compound (IV) which should 
readily transform into an aromatic compound, since much less 
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rearrangement would be necessary than that occurring in some of 
the cases previously recorded (compare Crossley and Hills, T., 
1906, 89, 876; Crossley and Renouf, loc. cit.). Moreover, only one 
monochloroxylenol, namely, 5-chloro-o-3-xylenol (V), should be 
derived from it. This constitution of the resulting chloroxylenol 
melting at 80—81° has been proved by the synthesis of the compound 
from 5-nitro-o-3-xylidine : 


Me Me Me 
(Me —> ¢ ‘Me ~ ( ‘Me —» Wi 
NO, /NH, NO _/OH NH,\ JOH 


Two processes suitable for the preparation of Ae eee 
sart with o-3-xylenol and 3 : 6-dinitro-o-xylene respectively. The 
amount of each of these substances available was very small, and 
in order to obtain a sufficient quantity of the required chloroxylenol 
it was necessary to adopt both methods of synthesis. 

In the first case, 0-3-xylenol in alkaline solution was coupled with 
benzenediazonium chloride. The constitution of the benzeneazo-o- 
3-aylenol (VI) formed was proved by the identity of the chloro- 


Me Me Me 
PhN, \Me —> NH,“ \Me _ ci’ ‘Me 
OH 3 OH OH 

y, / / 
(VI.) (VII.) (VIII) 


xylenol derived from it with that prepared from 3: 6-dinitro-o- 
xylene. The azo-compound was reduced to 6-amino-o-3-xylenol 
(VII) by means of sodium hyposulphite in the way described by 
Diepolder (Ber., 1911, 44, 2498), and the amino-group was then 
replaced by chlorine by means of the diazo-reaction, 6-chloro-o-3- 
xylenol (VIII) being produced. 

In the second case, 3: 6-dinitro-o-xylene (IX) (Crossley and 
Renouf, T., 1909, 95, 210) was reduced to 3-nitro-6-amino-o- 
xylene (X) by alcoholic stannous chloride (compare Crossley and 
Wren, T., 1911, 99, 2342), the amino-group wes replaced by 
chlorine, and the resulting 6-chloro-3-nitro-o-xylene (XI) reduced 
to 6-chloro-3-amino-o-xylene (XII), from which 6-chloro-o-3-xylenol 
(XIV) was obtained by replacing the amino-group by hydroxyl : 


Me Me Me 
NO.“ \Me —> NH“ \Me -—> Ci” \Me —> 
>| INO 0. >| INO, a INO, 
“on yes Fat 
(IX.) (X.) (XI) 
Me 

(XIL.) ci’ . > (vu) 


LA 
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It was subsequently discovered that this chloroxylenol could 
be prepared much more readily from aceto-o-3-xylidide (XII) 
by direct chlorination to 6-chloroaceto-o-3-xylidide (XIV) and the 
following series of reactions : 


Me Re Me Me 
‘ll We —> & “te casi ci” “ile > (VIL) 
| INHAc a HAc | INH, 
1. aemcana pee “ws 
(XITIT.) (XIV.) 


The synthesis of 5-chloro-o-4-xylenol was accomplished by means 
of o-4-xylenol. Diepolder has shown (Ber., 1909, 42, 2918; 191], 
44, 2498) that when benzenediazonium chloride is coupled with 
o-4-xylenol in alkaline solution, a mixture of 83 per cent. of 1:2. 
dimethyl-4 : 5-benzoquinone-5-phenylhydrazone (XV) with 17 per 
cent. of 1 : 2-dimethyl-3 : 4-benzoquinone-3-phenylhydrazone (XVI) 
is formed. 


N-NHPh 
Me \:0 Mo” NNO Me” NOH —> Me oH 
Mc JN-NHPh Mel} MeL JNH, = MeL Jd 

(XV.) (XVL) (XVIL.) (XVIIL) 


These compounds can readily be separated by crystallisation from 
alcohol. 1 : 2-Dimethyl-4 : 5-benzoquinone-5-phenylhydrazone was 
reduced by sodium hyposulphite, and the resulting 5-amino-o-4. 
xylenol (XVII) converted into 5-chloro-o-4-xylenol (XVIII) in the 
usual way. 

EXPERIMENTAL. 
5-Chloro-o-3-xylenol. 

5-Nitro-o-3-xylidine (Crossley and Morrell, T., 1911, 99, 2351) 
was converted into 5-nitro-o-3-xylenol by Crossley’s method (T., 
1913, 103, 2180), a modification in the purification of the nitro- 
xylenol being adopted in which the crude material was dissolved 
in boiling water, from which on cooling it crystallised in fine, pale 
yellow needles melting at 120—121°. 

The nitro-compound was reduced to 5-amino-o-3-xylenol, 2:8 
grams of which were diazotised in the usual way, the solution was 
added to 2-5 grams of cuprous chloride in 30 c.c. of concentrated 
hydrochloric acid and after one hour distilled with steam; the 
product extracted from the distillate with ether was purified by 
crystallisation from light petroleum (b. p. 60—80°) (Found: 
Cl = 22-61. Calc., Cl = 22-68 per cent.). 

5-Chloro-o-3-xylenol is very soluble in the cold in most of the 
common organic solvents, but is sparingly soluble in cold light 
petroleum (b. p. 60—80°). It dissolves readily in this solvent 
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when hot and crystallises therefrom in fine, glistening needles, 
m. p. 81—82°. 

The benzoyl derivative, prepared in the usual manner, crystallised 
from alcohol in transparent prisms, m. p. 88° (Found: Cl = 13-70. 
Cale., Cl = 13-62 per cent.). 

Trichloro-o-3-aylenol, prepared by passing chlorine into a solution 
of 0-5 gram of 5-chloro-o-3-xylenol in 10 c.c. of light petroleum 
(b. p. 40—60°) until the liquid became yellow, and removing the 
solvent, crystallised from dilute alcohol and finally from light 
petroleum (b. p. 60 80°) in fine, silky needles, m. p. 180—181° 
(Found : Cl = 46-96. Calc., Cl = 47-23 per cent.). 

The benzoyl derivative, prepared in the usual manner, crystallised 
fom alcohol in transparent, glistening plates, m. p. 128—129° 
(Found : Cl = 32-41. Calc., Cl = 32-32 per cent.). 


6-Chloro-o-3-xylenol. 


Preparation and Reduction of 6-Benzeneazo-o-3-xylenol.—The 
requisite amount of benzenediazonium chloride solution was coupled 
with 7 grams of o-3-xylenol in slightly alkaline solution. The 
orange-red precipitate was purified by dissolution in boiling water ; 
on cooling, it crystallised in bright yellow, flocculent masses of 
fine needles, m. p. 132°. 

To a hot alcoholic solution of the azo-compound (4 grams) a 
saturated solution of sodium hyposulphite was gradually added 
until the colour was discharged (compare Diepolder, Ber., 1911, 
44, 2498), the solution was made alkaline with ammonia, and the 
alcohol removed by evaporation, when the aminoxylenol separated 
in white crystals. These crystallised from ethyl acetate in colourless 
needles, m. p. 175°, which rapidly oxidised on exposure to air 
(Found: N = 10-45. Calc., N = 10-22 per cent.). 6-Amzino-o- 
3-2ylenol is readily soluble in alcohol or warm water. 

6-Chlovo-o-3-«ylenol_—6-Amino-o-3-xylenol (0-5 gram) was diazo- 

tised and the solution treated with cuprous chloride in the usual 
way. The product isolated by distillation with steam crystallised 
from well-cooled light petroleum (b. p. 60—80°) in long, silky 
needles, m. p. 84:5° (Found: Cl = 22-71. Cale., Cl = 22-68 per 
cent.). 
‘The chloroxylenol is readily soluble in the cold in most of the 
usual organic solvents, with the exception of light petroleum. It 
does not yield a trichloroxylenol on treatment with chlorine in 
light petroleum solution, but a vigorous action occurs resulting in 
complete destruction of the xylenol. 

The benzoyl derivative, prepared in the usual manner, crystallised 
from absolute alcohol in transparent plates and from aqueous 
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alcohol in fine needles melting at 102° (Found: Cl = 13°46. Calc, 
Cl = 13-62 per cent.). 

Preparation of 6-Chloro-o-3-xylenol from 3 : 6-Dinitro-o-xyleng, 
—6-Amino-3-nitro-o-xylene, prepared from 3: 6-dinitro-o-xylene 
(Crossley and Wren, loc. cit.), in quantities of 1 gram, was suspended 
in 20 c.c. of water and 10 c.c. of concentrated hydrochloric acid 
and diazotised at 60° with 20 per cent. aqueous sodium nitrite, 
The resulting solution was poured into 1-2 grams of cuprous chloride 
in 12 c.c. of concentrated hydrochloric acid and after remaining 
for one hour the whole was steam-distilled, when 6-chloro-3-nitro-o. 
xylene passed over as a white solid. The compound is sparingly 
soluble in light petroleum (b. p. 40—60°) and crystallises from 
alcohol in felt-like, glistening, silky, faintly yellow needles, m. p. 
62°, which form a waxy mass when pressed (Found : Cl = 19-14. 
Cale., Cl = 19-13 per cent.). 

Two grams of the chloronitroxylene, dissolved in 20 c.c. of alcohol, 
were slowly treated with 9 grams of stannous chloride in 15 c.c. of 
concentrated hydrochloric acid, the mixture was heated for several 
hours on the water-bath, and the colourless oil obtained by distilling 
the basified liquid with steam was extracted with ether. After 
evaporation of the ether, a liquid remained which solidified when 
cooled in a freezing mixture. It crystallised from well-cooled light 
petroleum (b. p. 60—80°) in transparent, colourless rosettes, m. p. 
30—31° (Found: Cl = 23-04. Cale., Cl = 22-83 per cent.). 
6-Chloro-o-3-xylidine is very soluble in the cold in all the common 
organic solvents except light petroleum (b. p. 60—80°). 

Two grams of 6-chloro-o-3-xylidine were added to 40 c.c. of 
40 per cent. sulphuric acid, with which it formed a sparingly soluble 
sulphate, and diazotised at 50°. The mixture was gently heated 
with 100 c.c. of 40 per cent. sulphuric acid until the evolution of 
nitrogen ceased, and distilled with steam, when 1-4 grams of 
6-chloro-o-3-xylenol, identical with the chloroxylenol described on 
p. 2971, were obtained. 

Chlorination of Aceto-o-3-xylidide-—Dry chlorine was passed into 
a solution of aceto-o-3-xylidide (3 grams) in glacial acetic acid 
(30 c.c.) at 0° until the gain in weight corresponded with the sub- 
stitution of one chlorine atom for hydrogen; towards the end of 
the reaction a white solid separated. 

The mixture was poured into 400 c.c. of water and the 6-chloro- 
aceto-o-3-xylidide filtered, washed with water, and crystallised from 
aqueous alcohol, from which it separated in spherical masses of 
needles, m. p. 150° (Found: Cl = 18:27. Calc., Cl = 18-00 per 
cent.). The substance is almost insoluble in light petroleum, but 
is soluble in hot benzene. 
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The chloroacetoxylidide (4 grams) was hydrolysed by heating 
it with a mixture of 40 c.c. of sulphuric acid and 50 c.c. of water 
for two hours. The addition of an equal volume of concentrated 
hydrochloric acid to the cooled mixture precipitated the insoluble 
hydrochloride of the base; the base, obtained by distillation with 
steam in presence of excess of caustic soda, was purified in the way 
described on p. 2972. 

5-Chloro-o-4-xylenol. 


Two grams of 1 : 2-dimethy]% : 5-benzoquinone-5-phenylhydr- 
ane (XV), prepared and isolated by Diepolder’s method 
(loc. cit.), were reduced in hot alcoholic solution (100 c.c.) with a 
saturated solution of sodium hyposulphite (compare Grandmougin, 
Ber., 1906, 39, 2494). On evaporation of the alcohol and cooling, 
j-amino-o-4-xylenol separated in fine, glistening crystals. These 
were purified by crystallisation from alcohol (compare Crossley 
and Bartlett, T., 1913, 103, 1299). 

The aminoxylenol (2-8 grams) was diazotised and then treated 
with cuprous chloride (1-5 grams) in the usual way. The product 
isolated by distillation with steam and extraction with ether was 
aystallised from light petroleum (b. p. 40—60°), 5-chloro-o-4- 
nylenol being obtained in colourless needles, m. p. 71-5—72-5° 
(Found : Cl = 22-24. Cale., Cl = 22-68 per cent.). It does not 
yield a trichloroxylenol on treatment with chlorine. 

The benzoyl derivative, prepared in the usual manner, is very 
soluble in all the common organic solvents and crystallises from 
well-cooled alcohol in transparent, rhombic crystals, m. p. 43° 
(Found: Cl = 13-64. Calc., Cl = 13-62 per cent.). 


One of the authors (L. E. H.) desires to express his thanks and 
great indebtedness to Dr. A. W. Crossley for a generous gift of 
many organic preparations which has rendered this investigation 
possible. 


UNIVERSITY COLLEGE, SWANSEA. (Received, July 28th, 1923.] 


(CCLII.—Inorganic Complex Salis. Part III. Race- 
misation and the Stability of Complex Ions. 


By Witi1am THomas and RONALD FRASER. 


Ir has been suggested (Thomas, T., 1921, 119, 1140) that the 
racemisation of inorganic complex salts may be due to secondary 
ionisation. Evidence in support of this idea was obtained during 
an investigation on the autoracemisation of potassium chromi- 
VOL. CXXTIT. 5G 
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oxalate (Rideal and Thomas, T., 1922, 121, 196). If it is correct; 
the mechanism of the racemisation is very simple and can |x 
represented as follows: 


£04 220, 
—, “a all - 
‘ga 


In this [M(C,0,),]’-ion the twé oxalato-groups are in the same 
plane (compare the configuration of complex salts with co-ordin. 
ation number four); when the reverse process takes place, evidently 
there will be an equal chance of the formation of the d- and of the 
l-form. 

The present investigation was carried out in order to test the 
above suggestion. The salts chosen for this purpose were potassium 
cobalti-oxalate, potassium chromi-oxalate, and potassium fer. 
oxalate, as these racemise at very different rates; the active cobalt 
complex is fairly stable (Jaeger and Thomas, K. Akad. Wetensh. 
Amsterdam, 1918, 21), the chromi-complex loses its activity in one 
and a half hours (Werner, Ber., 1912, 45, 3061), and the ferri. 
complex becomes inactive in less than one hour (Thomas, T., 
1921, 119, 1140). These complexes produce oxalate-ions on 
secondary ionisation. It was decided to determine the concen- 
tration of these in solutions of various concentrations, in the hope 
that a connexion between secondary ionisation and autoracemisation 
might thereby be traced. 

Determinations of H.M.F. were considered the most suitable 
method of measurement. Silver is known to have no tendency 
to form complex oxalates (Abegg and Schafer, Z. anorg. Chem., 
1905, 45, 293), hence the solubility of silver oxalate will be less 
in solutions containing oxalate-ions than in water; the effect of 
solutions of these complex salts on the solubility of silver oxalate 
will therefore give a measure of the extent of their secondary 
ionisation. 

The solubility product of silver oxalate was first determined by 
the H.M.F. of the following concentration cell. 


Ag N/10-AgNO,|NH,NO,| Ag,C,0,(sat.) | Ag. 
(sat.) in V/10-Na,C,0,, 


The #.M.F. was found to be 0°223 volt, and therefore the con- 
centration of silver-ion equals 1°41 x 10°. Sodium oxalate is 
ionised to the extent of 75 per cent. at this concentration, and 


therefore the concentration of oxalate-ion equals 0°0375 (C,0,) 


con- 
e is 
and 


20) 
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r litre. The solubility product is then given by the expression 
§ = [AgP[C,0,] = 7°44 x 10°. 

The following values are given for the solubility product of 
silver oxalate: Bottger, 6°96 x 10°? (Z. physikal. Chem., 1902, 
46, 602); Kohlrausch, 5°62 x 10712 (ibid., 1908, 64, 168); Abegg 
and Schafer, 1:03 x 10°14. The former two determinations were 
carried out by the conductivity method. The high value obtained 
by Abegg and Schafer is due to the fact that they assumed the 
sodium oxalate to be completely ionised, an assumption which is 
not justifiable at the concentrations used in their experiments. 

The #.M.F.’s of the following cells were then determined : 

Ag | N/10-AgNO,| NH,NO,(sat.) | [M(C,O,)s]K, | Ag, 
or KNO,(sat.) sat. with Ag,C,0, 
where [M(C,0,),]K, represents the complex cobalti-, chromi-, and 
ferri-oxalate, at concentrations M/10, M/20, M/40, and 1/80. 

The Z.M.F. was found by Poggendorf’s compensation method, 
using a calibrated Ostwald cylindrical bridge and a capillary electro- 
meter. The silver-ion concentration was calculated for each 
solution, and from this and the solubility product of silver oxalate, 
the concentration of oxalate-ion was found. 

The results were as follows : 


[Ag] in a saturated solution of Ag,C,O, = 2°46 x 10+. 


{[C,0,]”’ ” ” ” ” == 1°23 x 10-4, 
E.M.F. volt. [Ag] x 10“. [C,O,]” x 10+. 
[Co(O,0,),]K, 12/10 0-149 2:48 1-04 
Pan a. M /20 0°154 2°04 1:80 
7% ‘M/A40 0150 2:39 1-30 
"2M /80 0°145 2:54 1-28 
[Cr(C,0,)3]K, M/10 0-186 0:58 23-2 
aT oe 0-175 0-91 9-02 
"= re M /40 0°171 1:07 6°53 
7 2M /80 0166 131 4°35 
[Fe(C,0,),]K, M/10 0-179 0°77 12°6 
re a M /20 0°173 0°99 7°63 
is ma M /40 0°168 1°21 5:08 
ss og M/80 0°167 1°25 4°77 


These results show that the secondary ionisation of the chromi- 
and ferri-complexes is much more marked than that of the cobalti- 
complex; this difference is in harmony with the fact that the 
active chromi- and ferri-salts racemise rapidly, whereas the active 
cobalti-salt is stable. It will be seen from the results that whilst 
the chromi-complex ion is more unstable than the ferri-ion, the 
active ferri-complex racemises more rapidly than the chromi- 
complex. This indicates the probability of a second factor in- 


fluencing the racemisation of the ferri-salt, which might be the 
5a2 
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readiness with which the ferri- is reduced to the ferro-complex, as 
suggested by one of us (T., 1921, 119, 1140). 

It is proposed to determine the concentration of the metallic 
ions in solutions of these salts, and therefrom to calculate their 
instability constants. 

Great difficulty was experienced in obtaining consistent results 
when the #.M.F.’s of solutions of the chromi- and ferri-complexes 
were being measured, and this was attributed to the readiness with 
which these salts are reduced to the cobalto- and ferro-forms and 
free alkali oxalate : 


2(M’”(C,0,)3]K; —> 2[M’(C,0,)2]K» + K,C,0, + 2CO,. 


This view was tested by preparing a solution of the cobalti-salt, ex. 
posing a part of it to diffused light for half an hour (light accelerates 
the reduction), and measuring the #.M.F.’s of the exposed and un- 
exposed solutions. An increase of 10 per cent. in the former value 
indicated an increased concentration of oxalate-ions. The amount 
of the salt reduced under those conditions must have been very 
small, but it sufficed to produce a large increase in the L.M.F., 
and therefore the explanation of the irregularities alluded to above 
may be correct. 


The authors desire to thank Professor Findlay for facilities to 
carry out the above work and for his valuable advice and criticism. 


THE UNIVERSITY, ABERDEEN. [Received, July 23rd, 1923.] 


CCCLIII.—Sodium 6-Chloro-5-nitro-m-toluenesul phon- 
ate—a New Reagent for Potassium. 


By Hersert Davies and Witt1am Davies. 


A BRIEF account (Davies, T., 1922, 121, 786) has already been 
given of the interesting difference in solubility of sodium and 
potassium 6-chloro-5-nitro-m-toluenesulphonates, and the present 
investigation is a more detailed examination of the value of the 
sodium salt as a qualitative and quantitative reagent for potassium. 

The solubilities (grams in 100 grams of water) of the potassium 
salt at 0° and 20° are 0-235 and about 0-40, respectively, which 
compare favourably with the solubilities of potassium perchlorate 
(0-705 and 1-67) and the usually accepted values of potassium 
chloroplatinate (0-74 and 1-12) at the same temperatures. The 
new reagent is a good electrolyte, being formed from a strong base 
and a strong acid, and can be used in cold strongly alkaline or in 


7m. 
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dilute mineral acid solution, and is thus of wider application than 
the chloroplatinate (which is really a test for potassium chloride 
and not the potassium-ion), tartaric acid, cobaltinitrite, and picrate 
methods. Moreover, the ratio of the solubilities of the sodium and 
the magnesium to that of the potassium sulphonate (about 40 and 
above 170, respectively, at the ordinary temperature) is large, 
and potassium can accordingly be detected in solutions containing 
large quantities of sodium and magnesium. As is the case with 
the usual reagents for potassium, ammonium must be removed 
before the reagent is added. The reagent will detect 1 part of 
potassium in about 2,500 parts of water. 

With regard tothe quantitative side, the percentage of potassium 
in potassium chloride, Rochelle salt, and potassium alum has been 
determined by this method, and results agreeing to within 0-5 per 
cent. of theory are obtained. After the addition of the reagent, 
the aqueous solution is not evaporated almost to dryness and then 
treated with alcohol as in the chloroplatinate and perchlorate 
methods, but the reaction is carried out in aqueous solutions dilute 
enough to enable the potassium salt to dissolve completely at the 
boiling point, and the precipitate formed on cooling and standing 
is washed with a little water and weighed. A considerable excess 
of the reagent is taken, so that owing to the influence of the common 
ion, the solubility of the potassium salt is still more depressed. 
The volume of the solution is purposely taken so small that the 
amount of the unprecipitated salt is almost negligible. 

The quantitative side, however, is capable of further development 
along the lines suggested on page 2981. The presence of sulphate 
is without prejudice to the method, the contrary being the case 
with chloroplatinic acid (W. A. Davis, J. Agri. Sci., 1912, 5, 56), 
and even with perchloric acid (Davis, T., 1915, 107, 1679). The 
presence of moderate amounts of aluminium, sodium, and pre- 
sumably of magnesium is not detrimental, but, on the other hand, 
the alkaline-earth metals must be removed. 


ExPERIMENTAL. 


The following observations amplify the descriptions already 
given of some of the salts of 6-chloro-5-nitro-m-toluenesulphonic 
acid and of their methods of preparation. 

. In the conversion of the sulphony] chloride into the corresponding 
acid, boiling for three hours is sufficient to bring about complete 
hydrolysis of the ester intermediately formed. The hydrogen 
chloride produced is removed by concentration on the water-bath 
(or by distillation), followed by dilution with water, and by repeating 
this procedure several times. The sulphonic group is not hydrolysed 
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at all under these conditions, for the solution is completely free 
from sulphuric acid, even when the evaporation on the water-bath 
has been carried on for a period of twenty-four hours. Such a 
solution is converted into any desired salt by treatment with the 
hydroxide or carbonate of the corresponding metal. When the 
desired salt is only slightly soluble in cold water, it is conveniently 
obtained by double decomposition from an already prepared soluble 
salt. The potassium, ammonium, and barium salts are _ best 
obtained from the sodium salt in this way. The attempted pre. 
paration of salts of 6-chloro-5-nitro-m-toluenesulphonic acid by 
boiling the sulphony] chloride with an aqueous solution of alkaline 
hydroxides resulted in considerable replacement of the nuclear 
chlorine atom by hydroxyl (Davies, loc. cit., p. 790). 

The ammonium salt (made by double decomposition) contains, 
like the sodium and potassium salts, no water of crystallisation. 
It usually consists of glistening lamine, but like the potassium 
salt, when slowly crystallised from hot solutions, it sometimes 
separates in needles (Found: H,O = 0-3 per cent. 1-1763 of the 
anhydrous salt gave 1-2412 of the corresponding potassium salt.* 
Theory requires 1-269). The magnesium salt is formed by treating 
the free sulphonic acid with excess of magnesium carbonate and 
concentrating the filtered solution almost to dryness. It consists 
of minute, compact crystals containing 2 mols. of water (Found: 
H,O = 6°3. C,H, 90,)N,Cl,S,Mg,2H,O requires H,O = 6-4 per 
cent. 0-6185 of the anhydrous salt gave 0-7367 of potassium salt.} 
Theory requires 0-7515). At 15°, 3-5 c.c. of water rapidly dissolve 
2-0 grams of the hydrated salt, hence the solubility (considerably 
exceeding 50 per cent.) of the salt at this temperature is probably 
too great for the presence of moderate amounts of magnesium to 
cause interference in the estimation of potassium. The magnesium 
salt is extremely soluble in hot water, and readily soluble in ethyl 
alcohol, hot and cold. Like the aluminium salt, it is too soluble to 
be conveniently obtained by double decomposition. 

* The ammonium salt was dissolved in 25 c.c. of hot water, 80 c.c. of a 
15 per cent. potassium chloride solution were added, and the solution was 
boiled. The precipitate formed after twenty hours was washed with 15 c.c. 
of cold water. 

t The magnesium salt was dissolved in 10 c.c. of water and treated as 
above with 15 per cent. potassium chloride (31 c.c.). The precipitate was 
washed with 10°5 c.c. of water. These and other results show that in the 
analysis of salts of 6-chloro-5-nitro-m-toluenesulphonic acid by converting 
them into the potassium salt, it is advisable to use as reagent excess of an 
almost saturated solution (at the ordinary temperature) of potassium chloride, 
and to wash the solution with only a small quantity of water, or better with 


a moderate amount of a cold saturated solution of the potassium sulphonate 
(see p. 2981). 
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Residues of the potassium salt are best reconverted into the 
gdium salt via the sulphonyl chloride in the following way: A 
mixture of the dry potassium salt (6 grams) with phosphorus 
pentachloride (9 grams) and phosphoryl chloride (4 grams) is 
heated in a boiling water-bath with exclusion of moisture, and 
after an hour the oily contents are poured into 200 c.c. of water. 
After standing for several hours, the chlorine derivatives of phos- 
phorus are decomposed, and the residual solid sulphonyl chloride 
js washed with water and dried on a porous plate. The yield is 
almost theoretical. The product is quite pure, melts at 50°, and — 
is converted into the sodium sulphonate in the way already 
described. 

Solubility of the Potassium, Ammonium, and Sodium Salts.—Solu- 
tions saturated at definite temperatures were obtained by keeping 
initially supersaturated solutions in contact with the solid substance 
for a period of fifteen to twenty-four hours. Some of the solution 
was decanted or filtered from the precipitate, the solution evapor- 
ated, and the solid dried at 110°. The solubilities recorded for the 
temperature 12-3° are not very trustworthy, owing to the difficulty 
of maintaining the thermostat constant at that temperature. The 
temperature range investigated is from 0° to 30°; the curves, 
however, are probably of the same type up to 100°, since all the 
alts are more soluble at this temperature than at 30° The solu- 
bility curves are of the usual simple type. The following solubility 


data represent grams of the salt dissolved in 100 grams of water. 
Solubility of Salts of 6-Chloro-5-nitro-m-toluenesulphonic Acid in 
Water. 
Temperature. Potassium. Ammonium. Sodium. 

0° 0°235 0°935 10°4 

12°3 0°30 1°48 12-0 

16°45 —_ — 13°3 

20°1 0°405 1°77 15°05 

30 0°57 2°58 20°0 


Qualitative Investigation of the Reagent.—The addition of several 
drops of a concentrated solution of the reagent to NV /50 or stronger 
lutions of potassium chloride at once causes a precipitation of the 
potassium sulphonate, which separates in characteristic, voluminous 
wales. N/60 to N/100-Solutions of potassium chloride slowly give 
wecipitates on keeping, and, in fact, precipitation from N/100- 
potassium chloride is extremely slow, and in warm weather does 
uot take place. Such a solution contains 1 part of potassium in 
about 2,500 parts of water. 

When the solution to be tested contains ammonium, it is sufficient 
ifthe ammonia is expelled by boiling sodium hydroxide solution 
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and the reagent added to the cold alkaline solution. The reagent 
can be used in cold concentrated sodium hydroxide solution (for 
moderately dilute solutions, see Davies, loc. cit., p. 790; this vol, 
p. 2981), and also in the presence of dilute mineral acids. As might 
be expected, however, the potassium salt is moderately soluble in 
concentrated mineral acids. 

Quantitative Investigation of the Reagent.—The estimation of 
potassium in potassium chloride, potassium sulphate, sodium 
potassium tartrate, and potassium alum has been undertaken in 
order to determine the best experimental conditions. The potassium 
chloride and potassium sulphate used were Kahlbaum’s products 
(“ zur Analyse mit Garantieschein ”’) and were used without further 

_ purification. The potassium alum and Rochelle salt (Kahlbaum) 
were crystallised twice from water and air-dried at room tem. 
perature until no further loss of weight occurred. Some charac. 
teristic results are tabulated below. 


Estimation of Potassium in Different Salts. 


Wt. of potassium Percentage of 

a sulphonate. potassium. 
Weight a 

Salt. (grams). Found. Theoretical. Found. Theoretical. 

KCl 0°5815 2°2391 2-260 51°9 52°31 

“a 0°87534 3:4033 3°401 52°35 ci 
KNaC,H,0,,.4H,O 1:15765 1°1942 1189 13°87 13°83 

3 %s 11940 9 13°87 ” 

- 11938 ‘ei 13°87 e 
KAI(SO,).,12H,O 2-5271 1°5581 1°544 8°30 8°23 
KCl 0°87534 3°3998 3°401 52°34 §2°31 

“* 0°43767 1-7015 1:7005 52°38 a 

K,SO, 0°4515 1°5184 1-502 45°3 44°9 


In the cases where at least two weights of a given salt are iden- 
tical, a standard solution of the salt has been prepared, and the 
potassium found in an aliquot part. In the other cases, the solid 
potassium salt has been analysed directly. The general method 
adopted is as follows: A hot solution of the potassium salt in 
15 to 25 c.c. of water (in about the proportion of 1-5 of potassium to 
100 of water) is treated with 25 to 40 c.c. (at least 30 per cent. 
excess of theory) of a solution of the sodium sulphonate saturated 
at the ordinary temperature, and gently boiled for at least five 
minutes until the precipitate dissolves, more water being added 
if necessary. After remaining for twenty-four hours at the ordinary 
temperature, the potassium sulphonate is collected on a Gooch 
crucible, well drained, slowly washed with two to three times its 
weight of water, and dried at 110° until its weight is constant. 

The first analysis (KCl) was carried out under too dilute conditions, 
the salt having been dissolved in 20 c.c. of water and 40 c.c. of 
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about a 7 per cent. reagent solution added. ‘The precipitate was 
washed with 5 c.c. of water. The second analysis of potassium 
chloride, those of Rochelle salt, and that of potassium alum were 
carried out under the more concentrated conditions already indi- 
cated. It is noticeable that all the values in the case of Rochelle 
salt and that in the case of potassium alum are a trifle high. These 
and other experiments show that when the original salt contains 
much sodium or other metals, it is advisable to wash, not with a 
small quantity of water, but with a few c.c. of a solution of a 
potassium sulphonate solution saturated at the ordinary tem- 
perature. 

The two analyses of potassium chloride near the bottom of the 
table constitute an attempt to estimate potassium in the presence 
of a large amount of sodium hydroxide solution, by the use of 
which it was hoped to reduce the excess of sodium sulphonate other- 
wise required. In the first case, potassium chloride in 25 c.c. 
of water was treated with 35 c.c. of a saturated solution of the 
reagent, and, on cooling, 25 c.c. of a 10 per cent. sodium hydroxide 
solution were added and stirred with the semi-solid mass. The 
precipitate was collected after twenty-four hours and washed with 
10 c.c. of water. The excellent result is supported by another 
estimation with half the quantity of potassium chloride. This 
interesting modification of the process has not been further pursued, 
as it is to be expected that the effect of the increase in the concen- 
tration of the common ion (Na), might, especially when sodium is 
initially present in the salt under analysis, be sometimes detri- 
mental. The use of sodium hydroxide solution, however, would 
involve no pitfalls in stereotyped estimations of substances of 
approximately the same composition. 

In the final result, potassium sulphate was dissolved in 20 c.c. 
of water and treated with 40 c.c. of a saturated solution of 
the reagent, and the precipitate after twenty-four hours was well 
pressed and drained with suction, but not washed with pure water 
at all. This was done in order to measure the effect of washing 
in other cases. The result, which is only a little higher than 
theory (0-016 on 1-502), indicates that it is not necessary to wash 
the precipitate with a large volume of water when potassium is 
initially the only metal present. 

It will be noticed that the amount of precipitate is extremely 
large. This is because it was felt desirable in preliminary experi- 
ments to work with a moderate quantity (40 to 70 c.c.) of filtrate 
for “‘ washing” purposes. With the aid of small beakers, however, 
there should be no difficulty in estimating the potassium (say 


0078 gram) in a salt dissolved in 5 c.c. of water, which would give 
5 a* 
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the comparatively small precipitate of 0-579 gram. But the best 
way when working with relatively small quantities will be to add 
the weighed solid salt to the saturated solution of the reagent, 
dilute with the requisite volume of water (in this case 5 c.c.), boil 
the solution until it is clear, and then proceed as above. In this 
connexion, it should be remembered that the factor of the potassium 
salt for potassium is small, namely, 0-1347. 


Summary. 


(I) Potassium 6-chloro-5-nitro-m-toluenesulphonate at the ordi. 
nary temperature is less soluble than most of the ordinary potassium 
salts used for the detection of potassium. The sodium salt is about 
forty times more soluble than the potassium salt at the ordinary 
temperature, and in the absence of ammonium is a useful and 
inexpensive reagent for potassium in neutral, alkaline, or dilute 
mineral acid solution. By its means, 1 part of potassium in about 
2,500 parts of water can be detected. The aluminium and mag. 
nesium sulphonates are very soluble. 

(II) The reagent gives satisfactory results in the estimation of 
potassium in the presence of sodium or aluminium (and presumably 
of magnesium), and of sulphate. The method is at least as trust- 
worthy as the chloroplatinate method, and in some cases may be 
even more convenient than the perchlorate process. 

THE CHEMICAL DEPARTMENT, THE Dyson Pzrrins LABORATORY, 


MANCHESTER UNIVERSITY. SoutH Parks Roap, Oxrorp. 
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CCCLIV.—Derivatives of the Four Isomeric Sulphonic 
Acids of m-Tolyl Methyl Ether. 


By Rosert Downs Haworrts and ARTHUR LAPWORTH. 


AN investigation of the products obtained by sulphonating m-cresol 
which has been in progress in these laboratories for some time 
presented problems which rendered it necessary to make a careful 
study of derivatives of m-cresolsulphonic acids by means of which 
identification and, if necessary, separation of the isomerides could 
readily be effected. 

A suggestion made by Professor H. E. Armstrong to one of us 
in 1895 in connexion with the characterisation of sulphonic acids 
of 6-naphthol (compare P., 1895, 11, 49) led to most satisfactory 
results, and the authors decided to adopt the principle in the present 
instance. The suggestion was to replace in each case the phenolic 
hydrogen atom by an alkyl group, when the resulting compounds, 
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unlike the parent acids, could be converted into the corresponding 
sulphonyl chlorides, amides, etc., which are usually well adapted 
for characterisation purposes. 

In order to identify the resulting products, it was thought most 
satisfactory to prepare the sulphonic acids of m-tolyl methyl ether 
synthetically by methods which would leave no doubt as to their 
true structures. The present paper contains an account of the 
main results obtained in effecting the required syntheses. 

The authors have been successful in synthesising all four possible 
derivatives of m-tolyl methyl ether in which one hydrogen in the 
aromatic nucleus is replaced by means of their salts, their chlorides, 
and other derivatives. The 4:6-disulphonic acid (or rather a 
seriés of its derivatives) has also been made, and in addition a 
number of other new compounds have been prepared and their 
properties defined. 

3-Methoxytoluene-6-sulphonic acid (I) corresponds with the only 
monosulphonic acid of m-cresol which has hitherto been described 
(Claus and Krauss, Ber., 1887, 20, 3089), namely, m-cresol-6- 
sulphonic acid, which was isolated from the products of sulphonation 
of m-cresol., 

During the work described in the present paper the acid (I) and 
its three isomerides were synthesised from the corresponding nitro- 
m-cresol, which was first converted into its methyl ether, the 
nitro-group in which was then reduced to the amino-group. The 
amino-group was then replaced by the sulphinic acid group, Gatter- 
mann’s method being used, and the resulting sulphinic acid was 
subsequently oxidised to the sulphonic acid. 

The structures assigned in this paper to the four isomeric 3-meth- 
oxytoluenesulphonic acids thus depend mainly on those adopted 
for the nitro-compounds from which they were prepared. The 
orientation of three out of the four possible nitro-m-cresols has 
recently been discussed by Gibson (this vol., pp. 1269 e¢ seq.), 
whose work renders it unnecessary for the present authors to 
justify the structures which they assign to the 6-sulphonic acid (I), 
the 2-sulphonic acid (II), and the 4-sulphonic acid (ITI). 


Me Me Me Me 
HO,S.°) 4 80,4 a Ps 
§, 30) Me HO 
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The structure (IV) assigned to the fourth acid follows first from 
the fact that it is distinct from the other three isomerides and, 


secondly, from its synthesis; as it was prepared from 3 : 5-dinitro- 
5 a* 2 


2984 HAWORTH AND LAPWORTH: DERIVATIVES OF THE FOUR 


toluene, one nitro-group in which was replaced by methoxyl and 
the other by the sulphonyl group. 

Gibson (loc. cit.) describes 2-nitro-m-cresol for the first time, 
his description anticipating the present authors, who had made 
the compound and its methyl ether in 1921. The melting points 
given by Gibson were in some cases decidedly higher than those 
observed by the present authors; but a direct comparison of 
samples proved complete identity and the discrepancies have been 
traced to the inaccuracy of the thermometer used by Gibson. 
Apart from this feature, observations of the present authors are 
generally in good agreement with those of Gibson and confirm his 
definite rejection of the earlier data recorded for 2-nitro-m-cresol 
and its methyl ether (Khotinsky and Jacopson-Jacopmann, Ber,, 
1909, 42, 3097). The present authors did not make any attempt 
to confirm the structure assigned to their 2-nitro-m-cresol, as the 
other three possible isomerides were already known; independent 
evidence provided by Gibson removes any possible doubt which 
may have remained. 

The course of the reaction by means of which Gibson made 
2-nitro-m-cresol is by no means self-evident. The process devised 
by the present authors represents a synthesis in which each step 
is quite clear. For this reason and also because the same principle 
may prove applicable in other similar syntheses, it is worth giving 
in full, especially as a number of alternative syntheses, apparently 
much simpler, of the compound were tried unsuccessfully. 

m-Tolyl methyl ether, in carbon disulphide or chloroform solu- 
tion, was sulphonated with chlorosulphonic acid, yielding mainly 
the 6-sulphonic acid (I). This was converted in situ into its 
sulphonyl chloride (V), which is readily soluble in chloroform. The 
solution of the sulphonyl chloride in the last-named solvent was 
treated with another molecular proportion of chlorosulphonic acid, 
and thus converted into the half chloride (VI) of 3-methoxytoluene- 
4: 6-disulphonic acid. This mixture was again converted in situ 
by means of phosphorus pentachloride into the disulphonyl chloride 
(VII), which was easily isolated and purified. 


Me Me Me Me 
c10,8/° } 10,8 | 010.8 ) clo 8 NO, 
Me —> \ M Me 
\ /? e 7? e \_ /OMe —> Fas ( 
SO,H S0,C! SoC! 

(V.) (VI.) (VIL.) (VIIL.) 


By nitrating the disulphonyl chloride, the 2-nitro-derivative 
(VIIT) was readily obtained and when hydrolysed either by means 
of acids or alkalis gave practically pure 2-nitro-m-cresol. 
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In addition to the preceding, attempts were made to sulphonate 
4: 6-dibromo-m-cresol (IX) and also its methyl ether (X). It was 
somewhat remarkable to find that chlorosulphonic acid had no 
appreciable action on the dibromo-ether at the ordinary tem- 
perature. Fuming sulphuric acid, at 70°, caused disruption of the 
molecule, the only organic product detected being tribromo-m- 
cresol; the action of sulphuric acid on the free dibromocresol 
itself also caused profound decomposition with formation of some 
tribromocresol. 

The extraordinary resistance of dibromocresol to further sulphon- 
ation was shown by the fact that chlorosulphonic acid merely con- 
verted it into the corresponding dibromotolyl hydrogen sulphate (X1). 

Me Me 
Br ‘ Br ‘ ' 
\_ Jone \ OS03H 
Br Br 
(X.) (XI.) 

The nitration of 4:6-dibromocresol (I[Xj has already been 
studied by Gibbs and Robertson (T., 1914, 105, 1885), who observed 
amigration of the bromine atom from position 6 to position 2, a nitro- 
group entering the place vacated. A second nitro-group displaces 
the 4-bromine atom. 

Yet another synthesis of 2-nitro-m-cresol was attempted from 
3-hydroxy-p-toluic acid, through the 6-bromo-2-nitro-3-hydroxy- 
p-toluic acid (Gibbs and Robertson, Joc. cit.) detected among the 
nitration products of 6-bromo-3-hydroxy-p-toluic acid. After 
heating and reducing the crude nitration product of 6-bromo-3- 
hydroxy-p-toluic acid, a small quantity of a yellow nitro-compound, 
volatile in steam, was isolated; this was probably 2-nitro-m-cresol, 
but the yield was much too small for the purposes of the present 
research. 

EXPERIMENTAL. 
General Remarks and Methods. 


One or two general methods adopted may be described at this 
point with the object of avoiding unnecessary repetition. 

The m-cresol used in the experiments was either the excellent 
product prepared by Graesser and Co. or one which we have our- 
selves made from lower grade m-cresol; both contain at least 
97 per cent. of pure m-cresol (estimated by the standard method 
devised by Raschig) with probably traces of p-cresol and o-cresol. 

The sodium or potassium salts of the sulphonic acids were methy]l- 
ated by boiling the alkaline solution (water 10 parts, alkali hydroxide 
2 mols.) with methyl sulphate (1 mol.) until a neutralised sample 
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developed no violet coloration with ferric chloride; the time 
required for this varied considerably. The filtered solution was 
concentrated and fractionally crystallised. 

Methylation of Nitrocresols—The methyl ethers (yield about}. 
90 per cent.) were prepared as follows: A mixture of the nitro. 
cresol (75 grams), xylene (300 c.c.), and dry potassium carbonate 
(110 grams) was boiled under a reflux condenser, and methy] 
sulphate (80 grams) slowly added; after eighteen to twenty-four 
hours, the yellow colour of the solution had usually disappeared. 
The whole was then cooled, mixed with 100 c.c. of water containing 
2 or 3 grams of sodium hydroxide, and distilled with steam, the 
break in the speed of distillation when the xylene had passed over 
being readily observed. In the residue, on cooling, the nitrotoly| | 


ether solidified and was filtered off and washed with water. The | 
quantity of nitrocresol recoverable from the alkaline fluid was | 
very small and as a rule not worth securing. 
Conversion of Amino-derivatives of m-Tolyl Methyl Ether into 
the Corresponding Sulphinic Acids.—For this purpose, Gattermani’s " 7 
method (Ber., 1899, 32, 1136) was adopted. For the success of the | 1 
method it was found essential that the copper powder should be | oly 
freed from all traces of grease by washing it thoroughly first with vente 
alcohol and then with ether. The sulphinic acids were usually oy 
isolated by extraction with ether. The extracts were shaken with |” 
sodium hydroxide solution, the aqueous extract was acidified in | ai 
the cold with dilute sulphuric acid, and the sulphinic acid again silp 
dissolved in ether. Thomas’s method (T., 1909, 95, 342) was not - 
found generally applicable, as the ferric salts were not as a rule | met 
precipitated on addition of ferric chloride to the acid solutions. = ” 
Conversion of 3-Methoxytoluenesulphinic Acids into the Corre- walle 
sponding Sulphonic Acids——Gattermann’s method (loc. cit.) was 
followed, but the present authors found it more convenient first to ne 
prepare the barium salts, from which other salts are very readily | fre 
made. A filtered solution of the barium salt prepared from 10 grams | — 
of 3-methoxytoluenesulphinic acid was heated with a slight excess _ i 
of 1 per cent. solution of barium permanganate. The oxidation — a 
was complete after a few minutes, after which time a little alcohol F 
was added to destroy unchanged permanganate, the whole being aa 
then filtered and the residue of manganese dioxide well washed Fl , 
with hot water. The crystalline barium salt, obtained in excellent - 
yield by concentrating the filtrate, was purified by recrystallisation. 
3-Methoxytoluene-6- and 4-sulphonic Acids (I and III). = 
m-Cresol (100 grams), nitrated by Staedal’s method (Annalen, (Fo 
1883, 217, 49; 1890, 259, 208), yielded 26 grams of 4-nitro-m- 
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sol, m. p. 55—56°, and 52 grams of 6-nitro-m-cresol, m. p. 
2i—128°. The methylation of the two nitrocresols was carried 
pit as described on p. 2986. 6-Nitro-m-tolyl methyl ether crystal- 
jsed from alcohol in white needles, m. p. 54—-55°, and the isomeric 
{nitro-compound melted at 60—61° (compare Reissert and Schenck, 
Ber., 1898, 34, 394). 
6-Amino-m-tolyl methyl ether was made by heating the nitro- 
ther (60 grams) on the steam-bath with stannous chloride (270 
gams) dissolved in concentrated hydrochloric acid (350 c.c.) 
diluted with water. After three hours, the clear solution was 
, the rndered strongly alkaline with sodium hydroxide and distilled 
vei vith steam. The chloroform extract of the distillate yielded a 
tolyl J rsidue which, on distillation in a vacuum, gave 41 grams of 6-amino- 
The | n-tolyl methyl ether, b. p. 188—189°/25 mm. ‘The acetyl derivative, 
wilh pepared by leaving the base with acetic anhydride dissolved in 
],acial acetic acid for an hour in presence of fused sodium acetate, 
Jsparated from alcohol in colourless needles, m. p. 132° (Found : 
N= 8-0. C,9H,,0,N requires N = 7-8 per cent.). 
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al 3-Methoxytoluene-6-sulphinic Acid.—Ten grams of 6-amino-m- 
™ tolyl methyl ether, dissolved in sulphuric acid (30 grams) and 
vith | water (100 c.c.), were diazotised at — 5° by sodium nitrite (5-25 
ally grams) in water (25 c.c.). A mixture of sulphuric acid (40 grams) 
vith Yd water (40 grams) was then added, and the diazo-compound 
rT onverted into sulphinic acid by saturating the solution with 
wits julphur dioxide and adding copper powder during a period of one 
2 ot pind a half hours, with constant stirring, the temperature being 
ule | pt below 0° throughout. The filtered solution was finally 
extracted with ether and the acid isolated from the extract with 
" “3 jhe precautions described above and removal of the ether in a 
vag j vecuum. The acid (11 grams) crystallised from dilute alcohol in 


jcolourless needles, m. p. 84—85° (Found: C= 51-4; H= 5-9. 


ily | (,H,90,5 requires C = 51-6; H=5-8 per cent.). It differed 
ate from its isomerides in quickly becoming sticky when exposed ; even 


] in a vacuum desiccator over sulphuric acid it became tarry in time. 
1 The same deterioration was noticed when the ethereal extract of 
the crude acid was evaporated with the aid of heat. The sticky 

ng material gave excellent sulphonic acid on oxidation. 
Salts of 3-Methoxytoluene-6-sulphonic Acid (1).—The barium salt, 


d 
* decomp. 150°, crystallised in white, anhydrous, rhombic plates and 
n, | Was soluble to the extent of 2-5 grams in 100 grams of water at 18°. 


| It was but sparingly soluble in hot and almost insoluble in cold 
] alcohol. Its aqueous solution gave no coloration with ferric chloride. 
, There was no loss of weight when it was heated at 100° for six hours 
ty (Found: Ba = 25:3. (C,H,O,S),Ba requires Ba = 25:5 per cent.]. 


2988 HAWORTH AND LAPWORTH: DERIVATIVES OF THE FOUR 


The potassium salt, prepared both by Gattermann’s origina] 
method and also from the barium salt, crystallised from water jy 
well-defined, square plates. Twelve grams of the anhydrous salt 
dissolved in 100 grams of water at 18°. It was moderately soluble 
in hot but nearly insoluble in cold alcohol (Found: H,O = 7.0; 
K = 15:3. CgH,O,SK,H,O requires H,O=7-:0; K = 15-1 per 
cent.). 

The sodium salt crystallised in square plates. 

3-Methoxytoluene-6-sulphonyl chloride (V) was prepared (a) by 
triturating the anhydrous potassium salt of the acid with phos. 
phorus pentachloride and working up in the usual manner, and 
(6) by passing chlorine through an alkaline solution of the corre. 
sponding sulphinic acid in 10 per cent. sodium hydroxide solution 
(T., 1909, 95, 342). 

It dissolved freely in the cold in most of the usual organic media, 
including light petroleum; when cooled in the ice-chest, the com. 
pound solidified and after being drained for some time on porous 
earthenware, melted at 23°. It appeared to be highly stable towards 
cold water (Found: C= 43-5; H= 4-2. C,H,O,CIS requires 
C = 43-5; H = 4-1 per cent.). 

The sulphonamide was prepared (a) by heating the chloride with 
excess of solid ammonium carbonate, and (b) in slightly better 
yield by passing chlorine gas through a solution of the corresponding 
sulphinic acid in excess of ammonia. It crystallised from hot 
water in white needles melting at 129—130° (Found: C = 47-5; 
H = 5:5. C©,H,,0,NS requires C = 47-8; H = 5:5 per cent.). 

The sulphonanilide was prepared by dissolving the chloride 
(1 mol.) in cold ether, adding aniline (2} mols.), and, after half an 
hour, distilling off the solvent and removing excess of aniline from 
the residue by means of dilute hydrochloric acid. The compound 
crystallised from alcohol in white prisms melting at 104° (Found: 
C= 60-2; H=5-6. C,,H,;0,NS requires C = 60-6; H= 5-5 
per cent.). 

4-Amino-m-tolyl methyl ether, prepared in 85 per cent. yield by 
reduction of the 4-nitro-ether in the same manner described for the 
6-isomeride, was a colourless oil, darkening rapidly on exposure to 
the atmosphere. It boiled at 179—180°/46 mm. and dissolved 
completely in cold dilute mineral acid and the usual organic media. 
Its acetyl derivative formed white needles melting at 131° (compare 
Khotinsky and Jacopmann, Ber., 1909, 42, 3103). 

3-Methoxytoluene-4-sulphinic acid, made from the preceding com- 
pound, formed large, colourless needles melting at 110—111°. 

It was found more stable than the 4-isomeride and could be kept 

in the crystalline condition for some weeks. An acid solution did 
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not give a precipitate of ferric salt on addition of ferric chloride 
(Found: C=515; H=58. Cale. for C,H,,0,8, C = 51-6; 
H = 5:8 per cent.). 

Derivatives of 3-Methoxytoluene-4-sulphonic Acid (III).—The 
barium salt, made from the preceding compound, formed small, 
colourless needles. A saturated solution at 19° contained 18 grams 
of the anhydrous salt in 100 grams of water. In its behaviour 
towards alcohol, ferric chloride, and mineral acids, the salt closely 
resembled the barium salt of the 6-sulphonic acid [Found : H,O = 
145. (C,gH,0,S),.Ba,5H,O requires H,O = 14-3 per cent. Found : 
in the dried salt, Ba = 25:3. Calc., Ba = 25-4 per cent.]. The 
potassium salt crystallised in long needles. At 19° a saturated 
solution contained 31 grams in 100 grams of water. The salt was 
slightly soluble in cold alcohol and more readily in hot. It was 
anhydrous, and was quite stable at 130° (Found: K = 16-2. 
(,H,O,SK requires K = 16-3 per cent.). The sodiwm and ammon- 
ium salts crystallised in white needles. 

3-Methoxytoluene-4-sulphonyl chloride solidified readily and separ- 
ated from carbon disulphide in colourless plates melting at 79°. 
It was stable towards cold water and dissolved freely in cold 
benzene, chloroform, or light petroleum (Found: C= 43-4; 
H=4-4. C,H,O,CIS requires C = 43-5; H = 4-1 per cent.). 

3-Methoxytoluene-4-sulphonamide crystallised from hot water in 
white needles melting at 167—168° (Found: C = 47-4; H = 56. 
C,H,,0,NS requires C = 47-8; H = 5-5 per cent.). 

3-Methoxytoluene-4-sulphonanilide crystallised from alcohol in 
white needles melting at 142° (Found: C= 60-5; H = 5-7. 
C,4H,,O,NS requires C = 60-6; H = 5-5 per cent.). 


3-Methoxytoluene-5-sulphonic Acid (IV). 


Aceto-p-toluidide was converted into its 3 : 5-dinitro-derivative 
by Staedel’s method (Annalen, 1883, 217, 187), a yield of 70 per 
cent. of recrystallised product melting at 189° being obtained. 
Removal of the acetyl group was effected by hydrolysis with 50 per 
cent. sulphuric acid (compare Jackson and Ittner, Amer. Chem. J., 
1897, 19, 5), as alcoholic potassium hydroxide, the agent used by 
Staedel, brought about elimination of ammonia and formation of 
much dinitro-p-cresol. The dinitroacetotoluidide (100 grams) was 
suspended in 50 per cent. sulphuric acid, and the whole stirred 
vigorously while being heated to boiling. The amine did not go 
wholly into solution, but the solid swelled considerably and its 
colour changed from yellow to orange. When no further alteration 
could be detected, the whole was cooled, diluted with water, and 
the solid amine filtered off and washed. The amine (yield about 
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98 per cent.), after recrystallisation from alcohol, melted at 168°. 
It was converted into 3: 5-dinitrotoluene by Staedel’s method 
(loc. cit., p. 153), the yield of the latter compound, pale yellow 
needles, m. p. 91—92°, being 60 per cent. of the theoretical. 

5-Nitro-m-toluidine was obtained from 3: 5-dinitrotoluene jn 
55 per cent. yield by adopting the following procedure (Staedel, 
loc. cit., records 85 per cent., but Neville and Winther, Ber., 1882, 
15, 2984, on repeating Staedel’s experiment, only secured a yield 
of 50 per cent.). 

3 : 5-Dinitrotoluene (5 grams) was mixed with methylated spirit 
(30 c.c.), and dry gaseous ammonia passed in until the gain in 
weight was 1-5 grams. A rapid stream of dry hydrogen sulphide 
was then applied, when the temperature rose considerably, and 
after half an hour the mixture was heated on a steam-bath for a 
few minutes and then poured into an equal volume of water. By 
extracting the washed solid with dilute hydrochloric acid, the 
amine (2-5 grams) was readily separated from sulphur and was 
obtained from hot water as brownish-red needles melting at 98°. 

5-Nitro-m-cresol was obtained by the following process, which 
gave much better results than the method used by Neville and 
Winther (loc. cit., p. 2984). 5-Nitro-m-toluidine (10 grams), dis- 
solved in a mixture of sulphuric acid (50 c.c.) and water (50 c.c.) 
kept below 0°, was diazotised with solid sodium nitrite, the resulting 
solution dropped into boiling diluted sulphuric acid (b. p. 125—130°), 
and the cooled, filtered solution, after twelve hours, was extracted 
with ether. The solid on the filter was united with that obtained 
by extraction and the whole recrystallised from boiling water 
with the addition of some animal charcoal. 5-Nitro-m-cresol was 
obtained as pale yellow needles, melting at 60—61°, which, according 
to Neville and Winther, is the melting point of the monohydrate, 
the yield being 55 per cent. of the theoretical. When methylated 
by the general process previously described (p. 2986), it gave a 95 per 
cent. yield of 5-nitro-m-tolyl methyl ether, yellow needles, m. p. 
70° (compare Blanksma, Rec. trav. chim., 1908, 27, 26). 

5-Amino-m-tolyl methyl ether was made in 95 per cent. yield by 
reducing 5-nitro-m-tolyl methyl ether with stannous chloride and 
hydrochloric acid (compare p. 2987). It formed a colourless oil, 
b. p. 150—152°/22 mm., which solidified to a mass of needles 
melting at 46—47°. The sulphate is much less readily soluble in 
water than are the sulphates of the three isomeric bases, and 
crystallises from water in long colourless prisms. The acetyl 
derivative crystallises from dilute alcohol in colourless needles, 
m. p. 110—111° (Found: N=81. Cale. for C,,>H,,0,N,"N = 
7-8 per cent.). 
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3-Methoxytoluene-5-sulphinic acid, prepared from 5-amino-m- 
tlyl methyl ether by the general process (p. 2986) in excellent 
yield, crystallises from water containing a few drops of hydrochloric 
acid, in colourless needles, m. p. 94—95°. It dissolves in the usual 
organic media and, unlike the isomeric acids, gives a sparingly 
wluble ferric salt on addition of ferric chloride to its aqueous 
solution. 

Derivatives of 3-Methoxytoluene-5-sulphonic Acid (IV).—The 
barium salt is more readily soluble in water than the barium salt 
of the isomeric 6-sulphonic acid, but less readily soluble than that 
of the 4-sulphonic acid. In its behaviour to ferric chloride, alcohol, 
and to mineral acids, it resembles the barium salts of the 4- and 
§-sulphonic acids. The potassium salt is readily soluble in water 
and also in hot alcohol; it crystallises in needles with rosettes or 
fern-like growths. 

3-Methoxytoluene-5-sulphonyl chloride solidifies readily and separ- 
ates from carbon disulphide or light petroleum in colourless, rhombic 
prisms, m. p. 47—48°. It dissolves freely in benzene, chloroform, 
carbon disulphide, or light petroleum (Found: C = 43-2; H = 4:3. 
(,H,O,CIS requires C = 43-5; H = 4-1 per cent.). 

3-Methoxytoluene-5-sulphonamide is freely soluble in aqueous 
ammonia, but is deposited when the gas is expelled by heating. 
It crystallises in needles, m. p. 118—119° (Found: C = 47:5; 
H= 5-6. C,H,,0O,NS requires C = 47-8; H = 5-5 per cent.). 


3-Methoxytoluene-2-sulphonic Acid (II). 

3 -Methoxytoluene -4:6-disulphonyl Chloride (VII).—m- Tolyl 
methyl ether, dissolved in cold carbon disulphide, was slowly 
treated with freshly distilled chlorosulphonic acid (1 mol.). The 
solvent, containing any unchanged tolyl ether, was decanted, the 
mixed insoluble sulphonic acids were covered with chloroform, 
phosphorus pentachloride was added, and the whole warmed. 
The clear solution obtained was cooled, shaken thoroughly with 
cold water until freed from phosphoryl chloride, dried, and the 
solvent removed by distillation on the steam-bath. The crude 
residual oil, which was fairly pure 3-methoxytoluene-6-sulphony] 
chloride (V) containing perhaps a little of the isomeric 4-sulphonyl 
chloride, was used for the second sulphonation process. 

The crude sulphonyl chloride (50 grams), dissolved in chloroform 
(100 c.c.), was sulphonated by addition, drop by drop, of chloro- 
sulphonic acid (16 c.c.), warmth being finally used to promote the 
reaction. In a short time, a white solid separated, when more 
chloroform (50 c.c.) was added and the warming continued for 
thirty minutes. The white solid (mostly VI) so formed was 
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excessively deliquescent, as were the similar ethoxynaphthalene. 
disulphonic acid monochlorides prepared by Lapworth (P., 1895, 
11, 49) at the suggestion of Professor Armstrong. On adding the 
solid to water, rapid dissolution took place, and by warming the 
resulting solution with excess of lead carbonate, cooling, and filtering 
from lead chloride, the lead salt of 3-methoxytoluene-4 : 6-disul. 
phonic acid was easily obtained and could readily be converted 
into the corresponding sodium, potassium, and barium salts, all 
of which, however, were extremely soluble in water and could only 
be isolated in caramel-like masses. 

The disulphonyl chloride was prepared directly from the crude 
chloroform suspension of the above white solid by adding phos. 
phorus pentachloride (50 grams), when the solids dissolved with 
evolution of hydrogen chloride. The reaction was completed by 
warming until no more gas was evolved, when the resulting solution 
was shaken with water repeatedly and when free from phosphory| 
chloride was dried over calcium chloride and evaporated. The 
oil which was left solidified on standing and yielded a homogeneous 
compound (48 grams) without difficulty when washed with light 
petroleum, and recrystallised from a mixture of benzene and light 
petroleum. 

3-Methoxytoluene-4 : 6-disulphonyl chloride (VII) is very stable 
towards cold water and is hydrolysed relatively slowly even by hot 
aqueous solutions of sodium hydroxide. It melts at 111—112°. 
The same compound was obtained by treating synthetic 3-methoxy- 
toluene-4-sulphony! chloride with chlorosulphonic acid and _ phos- 
phorus pentachloride successively as above described. The 
constitution of the compound is therefore not in doubt (Found: 
C= 29:9; H=2-6. C,H,0;Cl,S, requires C= 30:1; H=25 
per cent.). 

3-Methoxytoluene-4 : 6-disulphonamide crystallises from water in 
small, colourless needles melting at 259—260° (Found: C = 34-0; 
H = 4-6. C,H,,0;N,S, requires C = 34:3; H = 4:3 per cent.). 

2-Nitro-3-methoxytoluene-4 : 6-disulphonyl Chloride (VIII).—The 
foregoing disulphonyl chloride (20 grams) was dissolved in con- 
centrated sulphuric acid (100 c.c.) and 100 per cent. nitric acid 
(3 c.c. = 1 mol.) was added while the whole was stirred vigorously 
and the temperature kept below 35°. A pale yellow solid was 
deposited and after two hours the mixture was poured on ice and 
the solid separated. The nitro-compound was crystallised from 
a mixture of benzene and light petroleum, when it appeared as very 
pale yellow needles melting at 147—148° (yield 90 per cent. of the 
theoretical) (Found : C = 26-4; H=2-0. Cale, for C,H,0,NCI,S,, 
C = 26-4; H = 2-0 per cent.). 
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While it is evident that the disulphonyl chlorides must be fairly 
resistant to hydrolysis in sulphuric acid solution, the nitro-compound, 
in contrast with the preceding compound, is quickly attacked by 
cold aqueous sodium hydroxide, dissolving with evolution of heat 
and formation of a brown ‘solution. 

2.Nitro-3-methoxytoluenedisulphonamide crystallises from alcohol 
in pale yellow needles, m. p. 235° (Found: C = 29-4; H = 3-5. 
(,H,,0,N,S, requires C = 29:5; H = 3-4 per cent.). 

Preparation of 2-Nitro-m-cresol from 2-Nitro-3-methoxytoluene- 
lisulphonyl Chloride (VIII).—The nitrodisulphonyl chloride may 
be hydrolysed by heating it in a closed tube with concentrated 
hydrochloric acid for seven hours at 130°. The product, when dis- 
tilled in a current of steam, yields 2-nitro-m-cresol as a volatile 
yellow oil which solidifies to a mass of bright yellow needles melting 
at 37 —38° and is completely soluble in aqueous sodium hydroxide. 

For moderately large quantities, the following process was found 
very convenient. The nitrodisulphonyl chloride is hydrolysed by 
warming with the calculated quantity of 20 per cent. aqueous 
sodium hydroxide and the resulting brown solution,* doubtless 
containing the sodium salt of the nitrodisulphonic acid of m-cresol, 
is mixed with such an excess of concentrated sulphuric acid that a 
mixture boiling at about 150° is obtained. This mixture is then 
distilled in a current of superheated steam at 150°. The distillate 
consists of an aqueous solution of 2-nitro-m-cresol, in quantity 
corresponding with 80 per cent. of that theoretically possible. It 
may be isolated by extraction with ether or other suitable means. 

2-Nitro-m-cresol crystallises from benzene in bright yellow 
needles melting at 39° (not 44° as stated by Gibson, this vol., 
p. 1273) (Found: C= 546; H=4-6. Cale, C= 549; H= 
4-5 per cent.). 

The methyl ether was made in almost quantitative yield by the 
general method (p. 2986), eighteen hours’ boiling in xylene being 
required for complete methylation. In this instance, the xylene 
removed by steam distillation from the bulk of the product should 
be distilled in a vacuum, otherwise there is a marked drop in the 
yield of nitro-ether owing to its marked volatility in steam. The 
compound crystallised from dilute alcohol or acetic acid in long, 
white needles and melted at 49° (not 54° as stated by Gibson, 
loc. cit., p. 1274) (Found: C = 57:°3; H= 5-5. Cale., C = 57:5; 
H = 5-4 per cent.). 


* The ease with which the methoxyl group suffers hydrolysis during 
treatment with alkali in this case, as contrasted with that of the unnitrated 
compound (VII), provides another example of the marked influence of the 
nitro-group in certain positions on the stability of phenol ethers. 
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2-Amino-m-tolyl methyl ether was prepared from the preceding 
compound by reduction with stannous chloride and hydrochloric 
acid (p. 2987). It boiled at 119—121°/16 mm. and melted at 31° 
as stated by Gibson (loc. cit.). Its acetyl derivative crystallises 
from dilute alcohol in white needles, m. p. 167—168° (Found: 

N= 8-0. Cj, 9H,,0,N requires N = 7:8 per cent.). . 

3-Methoxytoluene-2-sulphinic acid, prepared from the preceding 
amino-compound by the general method (p. 2986), crystallises from 
dilute alcohol in colourless needles, m. p. 94—95°. This isomeride 

is fairly stable to air, and its aqueous solution does not yield a 

precipitate on addition of ferric chloride (Found: C = 51-4: 

H = 5:7. C,H, ,0,8 requires C = 51-6; H = 5-8 per cent.). 

Derivatives of 3-Methoxytoluene-2-sulphonic Acid (II1).—The 
barium salt, prepared from the preceding sulphinic acid by oxidation 

with barium permanganate (p. 2986), crystallises from water in small 
tufts of needles. A saturated solution at 15° contains 16 grams of 
anhydrous salt in 100 grams of water [Found : H,O = 25-1; Ba = 
19-1. (C,H,O,S),.Ba,10H,O requires H,O = 25:0; Ba = 191 
per cent.]. The potassium salt crystallises from water in rhombic 
prisms, and at 18° is soluble in water to the extent of about 10 per 
cent. It is moderately soluble in hot alcohol, but nearly insoluble 
when cold (Found: H,O=3-7; K= 15-8. C,H,O,SK,3H,0 
requires H,O = 3-6; K = 15-7 per cent.). 

3-Methoxytoluene-2-sulphonyl chloride crystallises from carbon 
disulphide in colourless plates, m. p. 51—52°, and is fairly stable 
to cold water (Found: C = 43:3; H = 4-3. C,H,O,CIS requires 
C = 43-5; H = 4-1 per cent.). 

3-Methoxytoluene-2-sulphonamide was made by heating the 
chloride with aqueous ammonia until dissolved, expelling excess of 
ammonia by heat, and then cooling the solution, when the amide 
separated in white needles. Recrystallised from alcohol, it melted 
at 127—128° (Found: C = 47-7; H= 5-6. C,H,,0,NS requires 
C = 47:8; H = 5-5 per cent.). 

3-Methoxytoluene-2-sulphonanilide crystallises from alcohol in 
characteristic, rhombic prisms, m. p. 131—132° (Found : C = 60-5; 
H = 5-6. C,,H,;O,NS requires C = 60-6; H = 5-5 per cent.). 

Addenda.—The following observations collected during early 
unsuccessful attempts made to synthesise 3-methoxytoluene-2- 
sulphonic acid may be recorded. 

Action of Sulphonating and Nitrating Agents on 4 : 6-Dibromo- 
m-cresol (IX) and its Methyl Ether (X).—4 : 6-Dibromo-m-cresol 
(Gibbs and Robertson, T., 1914, 105, 1885) dissolves in cold con- 
centrated sulphuric acid, giving a pink solution, without being 
sulphonated. When the solution is gently warmed, a reaction 
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takes place, but the only product which could be isolated was 
tribromo-m-cresol. 

The dibromocresol was treated in carbon disulphide with chloro- 
sulphonic acid (1 mol.) at — 10°. Hydrogen chloride was evolved 
and on extracting the acid product with water, neutralising the 
aqueous extract with barium hydroxide, and filtering, a solution 
was obtained which, when evaporated on the steam-bath, quickly 
deposited barium sulphate, indicating the presence of a salt cf 
dibromotolylsulphuric acid (XI). The potassium salt of this acid 
was ultimately isolated as a white, flaky mass; it is more readily 
soluble in hot water than in cold, and soluble in boiling alcohol. 
It gave no coloration with ferric chloride and was rapidly hydrolysed 
by water containing a little mineral acid, 4 : 6-dibromocresol being 
formed. ‘These properties together with the great stability of the 
salt towards cold alkaline permanganate show clearly that the salt 
is derived from the tolylsulphuric acid and not a cresolsulphonic acid. 

4: 6-Dibromo-m-tolyl methyl ether (X) was made by adding 
bromine (300 grams) in glacial acetic acid (135 c.c.) to a solution 
of m-tolyl methyl ether (100 grams) in glacial acetic acid (100 c.c.), 
the temperature being kept below 10°. After one and a half hours, 
the white crystals of the dibromotolyl ether formed were filtered 
off and crystallised from alcohol. The compound separated from 
alcohol in rectangular plates melting at 75—76° (Found: Br = 
56-7, 56-1. Cale. for Cs,H,OBr,, Br = 57-1 per cent.). When 
dealkylated by heating with a mixture of strong aqueous hydro- 
bromic acid and glacial acetic acid, it was converted into 4: 6- 
dibromo-m-cresol (IX). 

Concentrated sulphuric acid dissolved this substance, giving a 
pink solution; but no further change took place until the mixture 
was warmed. If the solution in slightly fuming sulphuric acid is 
warmed at 70°, the original pink colour disappears, a slight evolu- 
tion of sulphur dioxide and hydrogen bromide occurs, and white 
crystals appear on cooling; when the product is poured over ice, 
a white solid soluble in dilute alkalis, easily identified as tribromo- 
m-cresol, is deposited. 

4: 6-Dibromo-m-tolyl methyl ether, dissolved in glacial acetic 
acid, is rapidly attacked by fuming nitric acid, but again profound 
change takes place, as evidenced by the liberation of bromine 
and hydrogen bromide. 


Summary. 


The methods of preparation and the properties of a number of 
derivatives of m-cresol, including the isomeric monosulphinic and 
monosulphonic derivatives of its methyl ether, are described. 
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CCCLV.—The Corrosion of Iron in Water and in 
Neutral Salt Solutions. 


By Joun ALBERT NEWTON FRIEND. 


OnE of the great difficulties met with in the study of the corrosion 
of iron, completely submerged in water or in solutions of inorganic 
salts, lies in the fact that it has hitherto proved almost impossible 
to obtain satisfactory “repeat” results at different times. The 
rates of corrosion exhibit marked variation, which may amount to 
100 per cent. even when the experimental conditions appear to 
be identical, fluctuations in temperature and illumination being 
carefully guarded against. The variant most difficult to control 
over prolonged periods is the atmosphere, the pressure and humidity 
of which are liable to considerable fluctuation. Since the rate of 
corrosion is directly proportional to the partial pressure of the 
oxygen and hence, within small limits, to the barometric height, 
the necessary oxygen correction can easily be applied. But the 
humidity is not allowed for in this way, and it does not appear 
to have occurred to investigators that possibly herein lies the 
cause of the above-mentioned discrepancies. (The present author 
directed attention to this possibility in his Carnegie Memoir, Iron 
and Steel Inst., 1922,44,118.) It has been usual to account for them 
as resulting from eccentricities in the specimens of iron themselves 
rather than to seek an external cause. The recent work of Adeney 
and his co-workers (Sci. Proc. Roy. Dublin Soc., 1922, 17, 19) 
suggests that fluctuation in atmospheric humidity is probably a 
very much more important factor than has hitherto been supposed. 
Thus Adeney finds that the dry gases are absorbed at room tem- 
perature about twice as rapidly as the gases saturated with moisture. 
The reason appears to be that evaporation of water into the dry gas 
cools the saturated surface layers, which continuously sink or 
“stream ” into the bulk of the liquid, thereby inducing circulation 
and more rapid aération. 

It is to be anticipated, therefore, that the corrosion of iron, 
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when completely immersed in water, will be influenced by the rate 
of solution of oxygen from the atmosphere. This is supported 
by the fact that when iron plates are suspended in aqueous solutions 
and allowed to rust, the initial corrosion frequently takes the form 
of vertical streaks of rust, more or less parallel with one another 
and extending down the metal. It appeared of interest, therefore, 
to study the reaction quantitatively. To this end, small plates of 
mild steel were immersed in water in glass jars connected in series 
by means of glass tubes. A steady stream of air was drawn 
through the jars over the surface of the water for varying periods ; 
the air admitted to half of them was saturated with moisture, 
but before admission to the others it was dried with calcium chloride. 


Fria. 1. 


Relative values. 


bo 
w 


1 
Sodium chloride per cent. 


At the conclusion of the experiments, the plates were removed, 
rubbed clean, and weighed, the loss of weight being regarded as a 
measure of corrosion. It was found that in every case the water 
exposed to dry air was approximately twice as corrosive as that 
exposed to air saturated with water vapour, a result in entire 
harmony with that of Adeney. It would appear, therefore, that 
if the humidity could be controlled, as well as the pressure and 
other well-known factors, satisfactory “repeat ” results might be 
obtained. 

Adeney, investigating the rates of solution of nitrogen in dilute 
solutions of sodium chloride, finds that the rate increases to a 
maximum with about 1 per cent. of sodium chloride, after which 
it falls (Fig. 1). Owing to evaporation, the surface layers not only 
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become cooler, but more concentrated, and the density variation 
is proportionately enhanced. 

As the dissolution of nitrogen is a purely physical phenomenon, 
and oxygen has been found by Adeney to behave just like nitrogen 
in his other experiments, it seems reasonable to suppose that 
oxygen would yield a closely similar, if not indeed identical, curve. 
It now becomes possible, therefore, to offer for the first time a 
fairly complete and satisfactory explanation of the relative rates 
of corrosion of iron, immersed in solutions of different salts at 
varying concentrations. When these are plotted, a curve is 
obtained like ACD (Fig. 1), which may be regarded as typical for 
the majority of stable salts. The first addition of the salt increases 
the corrosion, which reaches a maximum at the critical concen- 
tration, after which it steadily falls. If the fall CD is steep, for 
example, in the case of sodium carbonate, the curve may cut the 
abscissa axis before saturation is reached, and at all concentrations 
above this limiting concentration the corrosion will be nil. In 
the majority of cases, saturation is reached before this. 

The relative rate of corrosion, C, is determined by four main 
factors : 

1. Chemical action of the dissolved salts, y. With ammonium 
salts, owing to hydrolysis, this is severe, and AC rises steadily. 
With chlorides and sulphates of the alkali metals, it is relatively 
small. 

2. Solubility of oxygen, 8B. Cap. . 

3. Rate of solution of oxygen, R. As shown above, C « R. 

4. Rate of precipitation of the corrosion catalyst, namely, 
colloidal iron hydroxide, by the negative ions, ¢. This tends to 
retard corrosion (Friend, T., 1921, 119, 932). 

Assuming C« x and 1/¢, we have Ca x@R/¢. Of these factors, 
x and ¢ are less easily determined than Band R. For dilute solutions 
of sodium chloride, x and ¢ are small and approximately constant. 
Hence at any concentration, m, of the salt, 

Cin = BmEms 
where 8 and £ are expressed as percentages of the values for distilled 
water under otherwise identical conditions. 

To test this equation, experiments have been carried out in 
which mild steel plates were suspended by glass hooks in jars 
containing various concentrations of sodium chloride, and main- 
tained for three weeks at a mean temperature of 14°. The losses 
of weight were determined after cleaning. The tests were carried 
out in triplicate to minimise the disturbing effect of the individual 
variation so characteristic of corrosion phenomena. The results, 
expressed relatively to the loss in distilled water, were as follow : 
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NaCl per cent. ....+.+.+00- 0 0°5 1-0 2-0 3°0 
Mean relative corrosion... 100 126°7 122°1 102°3 95°4 
BE sssececeeceeeeeeecceeeccens 100 97 94 88°5 85 
BY ccccccccsoscrseccssoorscoes 100 115 136 115 102 
(Calculated corrosion ... 100 112 128 103 86 


* Calculated from MacArthur, J. Physical Chem., 1916, 20, 495. 
+ Calculated from Adency’s curve for nitrogen. 


These results are shown in Fig. 1. 
It will be observed that the curve for the calculated corrosion, 


AEF, closely approximates to that actually found, namely, ACD. 
Complete coincidence is not to be expected. Apart from the fact 
that x and ¢ are not absolutely constant, the data for R really apply 
to nitrogen, and to that gas at constant humidity, whereas the 
humidity of the atmosphere necessarily fluctuated slightly during 
the protracted corrosion tests. The agreement, however, is too 
close to be due to mere coincidence, and the above theory may be 
regarded as substantiated. 

If this is accepted, an important corollary follows, namely, that 
other metals may be expected to yield analogous curves when 
allowed to corrode under similar conditions. In a series of experi- 
ments carried out by Mr. J. S. Tidmus in conjunction with the 
author, which it is hoped to describe at a later date, this has been 


proved to be the case. 


THE CORROSION RESEARCH LABORATORY, 
THE Municieat TECHNICAL SCHOOL, 
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CCCLVI.—Alkyl Hypochlorites. 
By FrepERICK DanreL CHaTTaway and Orto Guipo BACKEBERG. 


Tae alkyl hypochlorites have been little studied, on account of 
their explosive properties, since Sandmeyer prepared the first two 
members of the series (Ber., 1885, 18, 1767; 1886, 19, 857). In 
the present paper, normal and isopropyl, primary, secondary, and 
tertiary butyl, and tertiary amyl hypochlorites are described. 

The alkyl hypochlorites are yellow, mobile, volatile liquids of a 
strong and irritating odour. They give off vapours which attack 
the eyes and mucous membranes violently. 

The primary and secondary hypochlorites are very unstable. 
When exposed to bright light, they decompose explosively, with 
production of flame. Even if light is carefully excluded, they 


decompose rapidly at the ordinary temperature and after leaving 
for a few minutes boil spontaneously, owing to the heat developed. 
The tertiary hypochlorites, onthe other hand, are remarkably 
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stable. tert.-Butyl hypochlorite, for example, can be distill) 
‘without change, and if it is not exposed to bright light may lk 
kept for months at the ordinary temperature with scarcely any 
decomposition. It is sufficiently stable for its vapour density tole 
be determined by Victor Meyer’s method. The molecular weigh 
thus obtained agrees with that determined cryoscopically, and 
shows that both in the state of vapour and when dissolved jy 
benzene it has the simple formula (CH;),COCI]. This afford 
additional evidence that the molecular formula of hypochlorous 
acid is HOCI. The action of the acid on compounds, such, for 
example, as the sulphonamides, containing hydrogen attached to 
nitrogen, when this hydrogen is replaced by chlorine with elimin. 
ation of water, shows that it has the constitution H-O-C! and 
contains a chlorine atom united to a hydroxyl group. 

When the primary and secondary hypochlorites are kept at a 
suitable temperature, they decompose quietly and slowly, yielding 
as primary products aldehydes or ketones. The tertiary hypo. 
chlorites undergo a similar decomposition when sufficiently heated 
or exposed to bright sunlight : 

R:CH,OCl —> R-CHO + HCI. 
R,CHOClL —> R,CO + HCI. 
R,COClL —> R,CO + RCI. 


EXPERIMENTAL. 

All the alkyl hypochlorites described in this paper were prepared 
by a slight modification of Sandmeyer’s method (loc. cit.). 

The requisite alcohol (1 mol.) was added to a strong solution of 
sodium hydroxide (about 2 mols.) and the resulting liquid diluted 
with water until a clear, homogeneous solution was obtained. 
This was placed in a long separating funnel jacketed and kept cool 
by iced water. Light was carefully excluded and the tap-funnel 
suitably inclined. Chlorine was then passed in beneath the liquid 
through the tap as long as it was freely absorbed. The insoluble 
alkyl hypochlorites, which were produced in practically theoretical 
amounts, separated as they were formed and rose to the surface, 
where they collected as yellow, mobile layers. When action was 
complete, they were separated and rapidly dried over fused calcium 
chloride, being kept as cold as possible during the operations. 

When an alkyl hypochlorite is brought into contact with a solution 
of potassium iodide acidified with acetic acid, iodine is set free 
quantitatively and the alcohol reformed according to the equation 

R-OCl + 2HI = R-OH + HCl + I,. 
The estimation of the iodine thus liberated affords a ready method 
of analysis. 
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n-Propyl hypochlorite, CH,*CH,*CH,*OCl, is a yellow, mobile 
liquid with a penetrating and characteristic odour which violently 
attacks the eyes and mucous membranes (Found: Cl = 37-49. 
(,H,OCI requires Cl = 37-51 per cent.). When exposed to light, 


it explodes almost at once with a yellow flame. Unless kept very 


cold and in the dark, it undergoes rapid change. Even if light is 
excluded, it cannot be preserved at the ordinary temperature. 
Placed in a small distilling flask and allowed to reach the laboratory 
temperature, it decomposes quickly with evolution of heat, and 
after some minutes boils spontaneously. As in other similar 
decompositions, if this boiling is allowed to proceed unchecked 
the distillate contains both unchanged hypochlorite and some of 
the products of the decomposition, the amount of unchanged 
hypochlorite distilling over varying with the vigour of the decom- 
position. Hydrogen chloride and propaldehyde are the primary 
products of its decomposition. 

isoPropyl hypochlorite, (CH,),CH-OCI, is a yellow, mobile liquid 
even less stable than the normal ester. Indeed, explosions may 
occur during its preparation if the cooling is inadequate (Found : 
(1= 36-98 per cent.). On exposure to light, it immediately 
explodes, with a yellow flame and deposition of carbon. Even if 
light is carefully excluded, it can only be preserved for a short 
time at a low temperature. If the ester is placed in a distilling 
flask and allowed to assume the laboratory temperature as in 
the case of the normal isomeride, rapid decomposition and spon- 
taneous ebullition occur. Hydrogen chloride and acetone are the 
primary products of the decomposition. 

n-Butyl hypochlorite, CH,-CH,*CH,*OCI, is a pale yellow, mobile 
liquid of irritating odour (Found: Cl = 32-46. C,H,OCI requires 
(l = 32-67 per cent.). When exposed to light, it almost imme- 
diately explodes with a yellow flame and the deposition of carbon. 
If allowed to assume the ordinary temperature, it decomposes 
and after a few minutes boils spontaneously. The primary products 
of decomposition are hydrogen chloride and n-butaldehyde. 

sec.-Butyl hypochlorite, CHMeEt-OCl, is a pale yellow, mobile 
liquid less stable than its normal isomeride (Found: Cl = 31-87 
per cent.). When exposed to light, it explodes with a yellow 
flame and the deposition of carbon. It can only be kept unchanged 
even for a brief period at a very low temperature. Allowed to rise 
to the ordinary temperature, it rapidly decomposes and after a 
short time boils spontaneously owing to the heat evolved. The 
primary products of the decomposition are hydrogen chloride and 
methyl ethyl ketone. 

tert.-Butyl hypochlorite, (CH;),C*OCl, is a pale yellow, mobile 
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liquid with a characteristic irritating odour. It violently attack; 
the eyes and mucous membranes. It is very stable, and if protected 
from bright light can be kept for months at the ordinary temperature 
with little or no decomposition. It boils at 79°6°/750 mm. and 
has d}* 0-9583. 

A complete analysis was made, the chlorine being estimated 
volumetrically as described above and also by Carius’s method 
(Found: C= 43-95; H= 844; Cl = 32-67, 32-64. C,H,0C 
requires C = 44:22; H= 8-35; Cl = 32:67 per cent.). The 
molecular weight determined by the lowering of the freezing point 
of benzene was found to be 109-6, and by Victor Meyer’s method 
at 100°, steam being used as the jacketing vapour, 110-9 (C,H,0( 
requires M = 108-64). When exposed to bright sunlight, tert. 
butyl hypochlorite decomposes quietly but with considerable 
evolution of heat, methyl chloride and acetone being the chief 
primary products. 

tert.-Amyl hypochlorite, CMe,Et-OCl, is a yellow, mobile liquid 
closely resembling the corresponding tertiary butyl compound. 
It boils with considerable decomposition; a thermometer in the 
vapour recorded 76°/752 mm., but this cannot, of course, be 
regarded as a boiling point. It has d? 0-8547 (Found: Cl= 
28-66. C;H,,OCl requires Cl = 28-90 per cent.). The molecular 
weight determined by the lowering of the freezing point of benzene 
was found to be 120 (CMe,Et-OCl requires M = 122-46). After 
keeping at the ordinary temperature for two months, the ester 
was found to be practically unchanged (Found: Cl = 28-30 per 
cent.). When exposed to bright sunlight, tert.-amyl hypochlorite 
decomposes quietly with evolution of heat, leaving behind a 
colourless liquid. ‘The nature of this decomposition is being studied. 
The chief product is acetone, but the decomposition is not a simple 
one. 

The action of chlorine on benzyl alcohol under similar con- 
ditions has been examined. Thirty-six grams of benzyl alcohol 
were dissolved in a solution of 24 grams of sodium hydroxide in 
2 litres of water. After cooling, a stream of chlorine was passed 
in until no further rapid absorption took place. During the 
passage of the chlorine, drops of yellow, oily liquid rose to the 
surface and decomposed with a crackling sound such as would be 
expected from small explosions. Finally, about 33 grams of a 
nearly colourless oil sank to the bottom of the vessel. This smelt 
strongly of benzaldehyde, but a slight odour of benzoyl chloride 
was also recognised. It was separated, washed with water, dried, 
and distilled. It was found to boil at 178°, and consisted almost 
entirely of benzaldehyde. It is evident that, as with other primary 
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alcohols, a benzyl hypochlorite was first formed and immediately 
decomposed with evolution of hydrogen chloride and formation of 
penzaldehyde : 

C,H,;'CH,,OH —> C,H;CH,-OC1—> C,H,-CHO + HCl. 


THE QUEEN’s COLLEGE, OXFORD. [Received, October 23rd, 1923.] 


CCCLVII.—Yohimbine (Quebrachine). Part ITI]. 
Esterification of Yohimbic Acid. 


By ELuen FIELD. 


In Part II of this series (Barger and Field, this vol., p. 1038) it 
was pointed out that no evidence had so far been obtained which 
permitted of a choice between the formule C,,H,,0,N, and 
(,,H,,0,N. assigned to yohimbine by Spiegel (Ber., 1904, 37, 1759) 
and Fourneau and Page (Bull. Sci. Pharmacol., 1914, 21, 7), respec- 
tively. Before proceeding with further work on the constitution of 
the alkaloid, it appeared desirable to come, if possible, to a definite 
decision on this subject. The difficulty of distinguishing with cer- 
tainty between the two formule lies in the small differences in their 
elementary composition. This is well illustrated by the analytical 
results already published. Thus Spiegel (loc. cit.) obtained results 
for the free base and for its hydrochloride which are in good agree- 
ment with the higher formula; those for the nitrate, however, 
lie midway between the values required for this and the lower 
formula. In Part I of this series (Barger and Field, T., 1915, 
107, 1025) analyses were recorded which agreed well with Spiegel’s 
formula. On the other hand, Fourneau and Fiore (Bull. Soc. 
chim., 1911, [iv], 9, 846) and Fourneau and Page (loc. cit.), in 
establishing the identity of yohimbine with quebrachine, have 
analysed the alkaloid itself, as well as a number of its salts, and 
their results all agree equally well with the C,, formula, which, 
moreover, had previously been assigned to quebrachine by Hesse. 
In view of the work already done, it seemed obvious that some 
method other than that of the direct analysis of yohimbine and 
its salts would have to be adopted to decide the question. 

Spiegel (Ber., 1903, 36, 169) has obtained from yohimbine a 
monobasic acid (yohimbic acid), to the hydrated and anhydrous 
forms of which he assigns the formule C.)>H,,0,N, and C,)>H,,0,No, 
respectively. Fortunately, the composition of this acid is not in 
dispute. It is in agreement with the formule for anhydroyohimbic 
acid sulphuric ester, and for apoyohimbic acid hydrochloride estab- 
lished in Part II of this series, and it has further been confirmed in 
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the present investigation by analysis of the anhydrous form of the 
acid. Yohimbic acid is readily obtained by hydrolysis of yohimbine 
with alkalis, and on esterification with methyl alcohol is reconverted 
into the original alkaloid. Assuming the correctness of the formula 
for yohimbic acid, it appears on the basis of the C,, formula for 
yohimbine that the alkaloid is the methyl ester of the anhydrous 
acid. This accords very well with the facts that a Zeisel estimation 
reveals the presence of only one methoxyl group in the alkaloid, 
and that the third oxygen atom, as shown in a previous paper, 
is present in the form of a non-phenolic hydroxyl group. On the 
basis of the C,, formula, however, Spiegel’s view must be accepted, 
that whilst acid (HI) hydrolysis removes only one methyl group, 
alkaline hydrolysis removes two, and, further, that these are 
readily replaced by simple esterification. Spiegel (loc. cit.) has 
sought to confirm this view by esterification of yohimbic acid with 
ethyl, propyl, and isobutyl alcohols, and he claims that two alkyl 
groups are added in each case. This phenomenon seems sufficiently 
anomalous to require adequate confirmation, especially as the 
analyses published by Spiegel in support thereof are not in very 
good agreement with his claim. It was therefore decided to 
submit this point to re-examination, with the hope that a final 
decision between the alternative formule for yohimbine would 
thereby be rendered possible. 

A series of esters of yohimbic acid has accordingly been prepared. 
In each case the analytical results leave no doubt that only one 
alkyl group has been added. They may therefore be regarded as 
simple monoalkyl esters of yohimbic acid, and, since there is no 
apparent reason why esterification with methyl alcohol should 
take place anomalously, it accordingly follows that yohimbine is 
the monomethyl ester of the anhydrous form of yohimbic acid, 
and has the formula C,,H,,0,N, first assigned to it by Fourneau 
and Fiore. It is therefore proposed to adopt this formula for the 
alkaloid in future. apoYohimbine will then have the corresponding 
formula, C,,H,,0,N,, and deoxy-yohimbine, C,,H,,O,N). 


EXPERIMENTAL. 


The yohimbic acid used for the experiments described below was 
prepared according to Spiegel’s method, 10 grams of potassium 
hydroxide in 100 c.c. of 70 per cent. alcohol being used for each 
10 grams of yohimbine. Recrystallised from water, the acid melted 
at 256° and agreed in all respects with Spiegel’s acid of the formula 
CypHog0,N,. When this acid was shaken with methyl or ethyl 
alcohol, it passed rapidly into solution; almost immediately, 
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however, a crystalline precipitate was rapidly deposited. This 
was filtered and when recrystallised from methyl or ethyl alcohol 
melted at 296° and gave analytical results corresponding with 
Spiegel’s yohimbic acid anhydride (Ber., 1905, 35, 2830) (Found : 
(= 70-33; H= 7-08. Calc. for C,,H,,0,N.,C = 70-59; H = 7-06 
per cent.). Evidently the first stage in the esterification of yohimbic 
acid by these alcohols is the formation of anhydroyohimbic acid 
(yohimbic acid anhydride of Spiegel). On the other hand, the 
lutions in propyl and butyl alcohols did not give any separation 
of anhydrous acid even on standing, and corresponding with this 
the propyl and butyl esters retain water, the butyl ester, like the 
isobutyl ester prepared by Spiegel, containing 1 mol. of water of 
crystallisation, which is removed only after prolonged heating in 
a vacuum at 70°. 

Esterification of Yohimbic Acid.—The methyl and ethyl esters 
were prepared by suspending 2 grams of yohimbic acid in 20 c.c. 
of the respective alcohols and saturating with gaseous hydrogen 
chloride. During this process the solid slowly dissolved, and as 
the solution cooled the sparingly soluble ester hydrochloride 
separated in considerable amount. This was removed by filtration 
and the filtrate evaporated to dryness under diminished pressure. 
The total solid was then suspended in water, made alkaline with 
ammonia, and the ester removed by repeated extraction with 
ether. 

The propyl and butyl esters were similarly prepared. In these 
cases, however, no separation of the ester hydrochloride took place 
until the alcohols were evaporated. On evaporation of the ether, 
the esters were obtained in almost pure condition. They were 
recrystallised in each case from aqueous alcohol. 

The ethyl ester melted at 190° (Found: in material dried at 120°, 
C= 71-65; H=7-61. C,.H,,0,N, requires C = 71-68; H = 7-66. 
C.4H320,N, requires C = 72-66; H = 8-14 per cent.). 

The propyl ester melted at 137° (Found: in material dried at 
110°, C= 71:99; H= 7-85. C,,H3,0,N, requires C = 72-22; 
H = 7-85. C,,H;,0,N, requires C = 73-52; H = 7-85 per cent.). 
Loss of water on the air-dried product was 3-54 per cent. 
C.3Hgs0,N. requires H,O = 4-5 per cent. 

The butyl ester, hydrated, melted somewhat indefinitely between 
119° and 122°. Anhydrous, it melted at 127° (Found: in material 
dried in a vacuum at room temperature, C = 69-29; H = 7:89. 
C.,H,,0,N, requires C = 69-57; H= 821. C,,H,.O,N, requires 
C= 71-43; H = 8-99 per cent.). Loss of water on drying over 
phosphorus pentoxide at 70° in a vacuum = 4-26. C,,H,,0,N. 
requires H,O = 4-34 per cent. 
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‘The material required for this investigation was purchased with 
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CCCLVIII.—Studies of Electrovalency. Part III. The 
Catalytic Activation of Molecules and the Reaction 
of Ethylene and Bromine. 


By RonaLp GEORGE WReEYFORD NorRRISH. 


THE view originally put forward by Arrhenius (Z. physikal. Chem, 
1889, 4, 226; 1899, 28, 317) that chemical action is necessarily 
preceded by a process of molecular activation has found extensive 
support from many authors, and is considered to be necessary to 
explain the high temperature coefficient exhibited by most reactions. 
Although there are many diverse views as to the mechanism by which 
molecular activation may be brought about, many authors appear 
to be agreed upon one point, namely, that it involves an absorption 
of energy by the molecule, so that the activated form is in a more 
highly energised state than the non-reactive, resting form. 

In this connexion, however, there is one important fact of chemical 
reactivity which, up to the present, does not appear to have received 
the consideration it merits, namely, the fact that even the most 
reactive substances become inert upon complete desiccation, and 
will then regain completely their lost activity by the addition of a 
trace of some polar substance.* In other words, all chemical 


* Only a few of the best established cases are quoted here. On desiccation 
the following reactions are suspended : 


te OE ae. . canncnnsonenecpneenences Dixon, Phil. Trans., 1884. 

RS ONS) See renee Baker, T., 1894, 65, 611. 

Pile A Oe =e SEL wa sicinensctacsrcbeseees Dixon, Phil. Trans., 1884; v. Meyer, 
Light. Ber., 1883. 

Te ES a Mellor and Russel, T., 1902, 81, 1272. 

K or 2Na + O, —> Na,O, or K,0O,... Holt and Simms, T., 1894. 

2Na +- Cl, —> 2NaCl .........cresccceeess Wanklyn, Chem. News, 1869, 20, 271. 

BE he We lig DUE OL. o csiossncccscessscecee Baker, loc. cit. 

PORE Be Eig FED ncccccccesccccccecces Ae a 

Ce Og = ORs ccs cccsescinsvcntcces ws a 

‘CaO + CO, = CaCOQ, ........ secouuminiande Veley, T., 1892. 


Most of the above reactions are quoted in an appendix given by Baker at 
the end of his paper on the influence of moisture on chemical change (loc. 
cit.). For a further bibliography, see Mellor and Russel, T., 1902, 81, 1272. 
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reactions appear to be catalytic in nature. Except in the case of a 
few truly thermal decompositions of solids or liquids such as 
potassium chlorate, silver oxide, and lead acetate, the formation 
of ozone by the electric discharge, and possibly some unimolecular 
photochemical decompositions, this loss of reactivity on desiccation 
would appear to be a general rule of chemical reactivity, and, if 
accepted as such, it necessitates a revision of our views of activation ; 
the resting form of a molecule must be a far more inert substance 
than hitherto supposed, and require the association of some polar 
molecule before activation can take place. When we remember that 
the main characteristic of a polar molecule is its strong unbalanced 
field of force, it appears very probable that its function as a catalyst 
is to weaken, by close association, the intra-molecular forces of the 
resting molecule, and to render it more easily disintegrable. 

We may thus consider those molecules which have formed a 
close association with molecules of the catalyst to be at any rate 
partly activated, inasmuch as they alone are capable of any further 
chemical action. Whether this is the complete stage or only a 
preliminary stage of activation it is not proposed to consider here, 
but there would appear to be no difficulty in the explanation of all 
the phenomena of chemical reactivity by the kinetic theory coupled 
with this view of activation alone, and without recourse to other 
hypotheses, as, for example, the “ radiation theory.” 

The catalytic effect of traces of polar substances on gaseous 
reactions is only one manifestation of a much more general 
phenomenon, and it may be said that whenever any strong local 
disturbing force can be applied to a molecule, so as to distort its 
stable configuration, that molecule becomes more vulnerable to 
attack. Thus the very numerous class of reactions which take place 
in solution probably owe their existence to the action of the solvent, 
which exerts a weakening effect on the internal molecular forces 
of the solute, that may result, in extreme cases, in complete ionis- 
ation. Again, the phenomena of surface catalysis, and surface 
reactions, are manifestations of the same nature, and owe their 
existence to the high electrical fields of force which must exist 
unbalanced at the surfaces of most solids and liquids, and result in 
the adsorption and weakening of the structure of the reactant 
molecules. 

‘ We may thus regard molecular activation as occasioned by a 
definite change of configuration or distortion of the molecule, brought 
about by close association with some polar catalyst. Such a change 
of configuration must take place with the absorption of energy, 
and thus the activated molecules will be in a more highly energised 
state than the resting molecules. 


5 H* 
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These views are in harmony with those developed by Lowry in 
his work on the electronic theory of valency. In a comparative 
study of the reactions of unsaturated organic compounds (this vol, 
p. 832), he has drawn the conclusion that substances containing 
the double bond usually react as if one of the bonds were a covalence 
and the other an electrovalence. On this basis, the formation of 
ethylene dichloride from ethylene and chlorine involves an unsyn. 
metrical instead of a symmetrical process of activation thus; 


CH,- CH, and Cl-Cl give CH, CH, and Cl Cl as an intermediate 
stage, rather than -CH,-CH,- and 2Cl-. The chlorine is her 
represented as being broken into two ions instead of two neutral 
atoms, in the disruption which must precede or accompany its 
attachment to the ethylene. The unsymmetrical rupture or 
opening out of the double bond of the ethylene gives rise to 
an. analogous process of intramolecular ionisation, since the two 
charged atoms are not free but bound. The final interaction between 
the two activated molecules is then reduced to a mere neutralisation 


of opposite ions. It differs from the union of Ag with Cl mainly 
in that the ions yield covalent bonds on neutralisation instead of 
undissociated ionic pairs. The analogy between the development 
of an electrovalence on the one hand and the process of activation 
on the other is so complete as to suggest that the two phenomena 
are identical. 

The view set forth above, that molecular activation is a catalytic 
process of a polar character, is susceptible of direct experimental 
testing in the case of the gaseous reaction of ethylene and bromine, 
which has been investigated by Stewart and Edlund (J. Amer. Chem. 
Soc., 1923, 45, 1014). These two authors have shown that (1) 
ethylene and bromine at 0°, when dry, do not react together in the 
gaseous phase, but only on the glass walls of the container, and 
(2) there is no indication of a preliminary gaseous reaction such as 
might be expected if a few of the ethylene and bromine molecules 
were already activated in the gaseous phase. 

So far, these experimenis are completely in accord with the 
hypothesis that activation of the ethylene molecule is due to 
polarisation induced in the ethylene molecule by association with 
some polar catalyst; but they are also capable of being explained 
on a merely physical basis, for example, by adsorption of the two 
gases on the surface of the glass, without reference to the chemical 
character of that surface. 

It is, however, evident that if dry ethylene and bromine could 
be enclosed in a vessel with completely non-polar walls, it might be 
possible, if the above hypothesis of polar activation is correct, to 
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retard the reaction very greatly, or even to suppress it altogether, 
although it is by no means certain that in all cases such a suppression 
could be looked for. The results which are contained in the experi- 
mental section of the paper must be taken as strong confirmatory 
evidence in favour of this hypothesis. It has, for instance, been 
found that on enclosing the dry gases by a vessel the interior of 
which is coated with stearic acid, the reaction proceeds even more 
quickly than when the glass walls are bare, whilst, when paraffin 
wax is substituted for stearic acid, the reaction practically ceases 
to take place. Now the work of Hardy (Fourth British Association 
Report on Colloid Chemistry, 1922, 185. Also Proc. Roy. Soc., 
1922, [A], 86, 610), Harkins (J. Amer. Chem. Soc., 1917, 39, 354, 541), 
and Langmuir (Met. Chem. Eng., 1916, 15, 468; J. Amer. Chem. 
Soc., 1917, 39, 1848) has led us to regard the former of these two 
substances as a particularly polar molecule, whilst the paraffins 
constitute probably the best approach to a completely non-polar 
substance. Thus, in spite of their great physical similarity, a stearic 
acid surface brings about the combination of bromine and ethylene, 
whilst a paraffin wax surface does not, and this difference in their 
behaviour can only be attributed to difference of polarity in the 
surfaces of the two substances occasioned by the marked chemical 
differences between their molecules. 


ExPERIMENTAL. 


The method of experiment consisted in bringing equivalent quanti- 
ties of pure dry ethylene and pure dry bromine, by way of separate 
delivery tubes, into the reaction chamber at 0°, and, after allowing 
the gases to stream through for some minutes, shutting all the stop- 
cocks, and observing the rate of change of pressure in the reaction 
chamber by means of a paraffin manometer. 

The pressure of the bromine was arranged to be less than that of 
the vapour pressure of liquid bromine at the temperature of the 
experiment, and that of the ethylene was made approximately 
equal to that of the bromine, so that the gases were present in the 
reaction chamber as approximately equivalent quantities. This 
was done by diluting the two gas streams with dry air, free from 
carbon dioxide. 

Preparation of the Pure Ethylene.—The ethylene was prepared by 
the action of sulphuric acid on ethyl alcohol, the evolved gas being 
passed through a purification train composed as follows : (1) Empty 
flask immersed in a freezing mixture at — 15°. (2) Woulfe bottle, 
containing water and fitted with a pressure release. (3) Three 
wash-bottles containing concentrated caustic soda solution. (4) A 


soda-lime tower. (5) A tube cooled by solid carbon dioxide and 
5u*2 
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ether. Twelve litres of the gas were collected and stored in an 
aspirator over dilute caustic soda solution. 

Preparation of Pure Bromine.—The bromine used was distilled 
twice from potassium bromide, and twice from phosphoric oxide, 
in an all-glass apparatus, the middle fraction, boiling at 61-5—62°, 
being collected on each occasion. It was finally distilled directly 
into the saturator in which it was stored during the experiment. 
This saturator consisted of three small wash-bottles with shortened 
delivery tubes made all in one piece as shown in Fig. 1(a)._ To obtain 
a stream of dry bromine at the desired pressure, it was only necessary 
to aspirate a stream of dry carbon dioxide-free air through the 
saturators cooled to the temperature at which bromine has a vapour 
pressure equal to the pressure required. 


Fie. 1. 
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In Fig. 1 (5), the general arrangement of the apparatus is sketched. 
Pure ethylene was stored in the aspirator, C, and displaced by way 
of the taps O and F by running in the caustic soda solution from L, 
The three-way tap, F', enabled accurate volumes of ethylene to be 
measured by means of the gas burette, G, and introduced by way 
of the two-way tap, J, into a known volume of carbon dioxide-free 
air stored over caustic soda solution in the 6-litre aspirator, 4, 
which was calibrated to 50 c.c. In this way, the ethylene could 
be diluted to a known partial pressure. The 6-litre aspirator, 5, 
contained carbon dioxide-free air, stored over caustic soda solution. 
The gases in A to B could be displaced by way of the taps J and |’ 
by running in the caustic soda solution from the 12-litre aspirator, 
D, to which both were connected. This method of connecting both 
A and B to the same aspirator ensured that the head of liquid dis- 
placing the gases was the same for both aspirators. The gas streams 
from A and B passed through two identical purifying and drying 
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trains, composed as follows: H,H, wash-bottles containing con- 
centrated soda; J,J, wash-bottles containing concentrated sulphuric 
acid; K,K, and M,M, U-tubes containing granulated calcium 
chloride; L,L, U-tubes containing soda-lime; N,N, long U-tubes 
(each limb being 1 foot in length) containing phosphoric oxide 
sprinkled on glass wool. 

After issuing from the phosphoric oxide drier, NV, the air stream 
from B passed through the bromine saturator, P, cooled by a freezing 
mixture to the requisite temperature. The two gas streams, the 
one consisting of bromine diluted with air to a known partial pressure 
and the other of ethylene equally diluted, now passed through the 
spiral coolers, Y,Q, immersed in the thermostat, 7’, and in this way 
were brought to the temperature of the thermostat; they then 
finally entered the reaction chamber, 


R, by way of the stopcocks X and Y, Fic. 2, 

and, mixing therein, were allowed to B 

stream through the apparatus at the r {| A 
rate of about 150 c.c. per minute. wr — 
Finally, the stopcocks X and Y were ae : | ee 
rapidly closed, then the exit tube of Y / q X 


the reaction chamber (not shown in the | 
diagram), and the rate of change of | 
pressure on the paraffin manometer, 
U, was recorded every half minute or 
minute. The thermostat was filled 
with a mixture of half ice and half 
water, and kept rapidly stirred by | 
means of the stirrer, S. The tempera- 
ture under these conditions never 
departed from 0° by more than 0-1°. 
In Fig. 2 the reaction chamber is shown in detail. Two of these, 
of about 300 c.c. capacity and identical in size and shape, were 
employed, so that comparative experiments with different wall 
coatings could be rapidly carried out under the same conditions. 
The gas streams entered by the tubes C and D by way of the stop- 
cocks X and Y, and the effluent gases passed out at Z. The tube 
A was connected by a paraffin wax-coated tube with the manometer, 
whilst the tube B was used for inserting either liquid paraffin wax 
or other substance with which the walls were to be coated. The 
process of coating the walls was carried out as follows: the whole 
apparatus was heated at about 60° in an oven, a thistle funnel with 
a narrow stem being inserted through the tube B, and passing to 
the interior of the vessel. About 20 grams of clear melted paraffin 
wax were then run into the vessel, and the whole was vigorously 
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shaken in order to wet the tubes C and D with wax; the apparatus 
was then carefully turned round and round as the wax solidified, 
forming a uniform coating on the interior of the vessel ; finally, the 
tube B was closed with a gas-tight plug of paraffin wax. With a 
little practice, vessels could be easily coated in this way with either 
paraffin wax, stearic acid, or cetyl alcohol. The stopcocks were 
carefully cleaned to remove any solidified wax, and then lubricated 
with a little vaseline. 

The bromine saturators were immersed in a cooling bath main. 
tained by ice and salt at — 15°. At this temperature, bromine has 
a vapour pressure of 23-5 mm. and thus the stream of air contained 
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3 per cent. of bromine vapour by volume. The composition of the 
ethylene—air mixture was regulated to 3 per cent. of ethylene by 
volume, and the partial pressures of bromine and ethylene in the 
reaction chamber, when the two gas streams were regulated to equal 
flow rates, were therefore each approximately 23-0/2 = 11-5 mm. 
of mercury. Complete combination of ethylene and bromine would 
thus occasion a total fall of pressure of about 23 mm. of mercury 
in the bulb. 

In Fig. 3, examples are given of the experimental curves obtained 
when the fall of pressure is plotted against time, whilst in Table I 
(in which p = diminution of pressure measured in cm. of paraffin, 
« = fraction of total reaction completed, and & = bimolecular 
reaction coefficient), the data of a number of experiments are given, 
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in which the walls of the reaction vessels consisted of glass, stearic 
acid, paraffin wax, and cetyl alcohol, respectively. The figures 
shown under p in the table are not observed values, but in order to 
effect economy of space in tabulation were read off from curves (of 
which Fig. 3 is a fair sample), constructed from the experimental 


values. 
Discussion of Results. 


It will be seen from Fig. 3 that the diminution of pressure ap- 
proaches asymptotically to a maximum value which corresponds 
to the completion of the reaction. If we denote this asymptotic 
value by a, and the diminution of pressure in the vessel at any time, 
{ minutes, after the commencement by p, then it foilows that the 
fraction of the ethylene or bromine which has reacted at time ¢, 
as compared with that present at the commencement, when ¢ = 0, 


is given by x =? a since a equals the sum of the initial partial 


pressures of the two reactants, which were present in equivalent 


quantities. 
Hence, if the reaction follows a bimolecular law, as observed by 


Stewart and Edlund, 

dx/dt = k'(1 — x)? = k(a — p)*, where k = 2k’, 
whence k= 1/t.p/a(a — p). 
In the table, x and k& have been tabulated beside the corresponding 
values of p, and it will be seen that the relative constancy of k 
confirms the statement of Stewart and Edlund that the reaction 
is bimolecular. 

It is of interest to note that in the case of the paraffin wax surface 
(Fig. 3) the reaction shows an induction period of about one minute 
duration, during which no change of pressure is observed. This 
observation is of importance, as it suggests that no reaction whatever 
takes place at the paraffin surface. ‘The subsequent action may be 
a result of diffusion of the reactants through cracks in the wax to 
the underlying glass surface, since initially a certain time would 
elapse before the reactants reached the glass, giving rise to the period 
of induction observed. This explanation is corroborated by the 
observation that in most cases the jagged outline of the main 
cracks in the wax was marked by the ethylene bromide formed 
therein, coloured by dissolved bromine. On account of this 
induction period, the values of the bimolecular velocity coefficient 
for the paraffin wax reactions have been calculated from the point 
t= 1 and not ¢ = 0, as is the case for the others. Incidentally the 
induction period serves to emphasise the great difference in the 


catalytic activity of the paraffin surface and the other polar surfaces. 
5 H** 
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Thus in the case of the glass surface the reaction is approximately 
half completed at the end of the first minute, whilst the paraffin 
wax reaction has not even commenced.* 

There is one possible source of error in the above experiments 
which has not yet been mentioned, namely, the possibility that the 
coating of the wall may of itself adsorb or react with either the 
bromine or ethylene in quantity, thus causing a “fictitious” 
reduction of pressure. This possibility was tested and eliminated 
by a series of blank experiments, in which one only of the reactants 
(ethylene or bromine) was enclosed in the reaction vessel. It was 
found that in no case was a diminution of pressure observed when 
ethylene alone was enclosed in the reaction vessel. In the case of 
bromine, small reductions were observed both for paraffin wax and 
stearic acid, but these diminutions of pressure were so slow and of 
such an order as not to reduce the reaction coefficients by more than 
1 per cent. in either case, 


Taste II. 


Values of bimolecular reaction coefficient when walls 
of’ reaction vessel are coated with 


Number a 
of expt. Glass. Stearic acid. Paraffin wax. Cetyl alcohol. 
1 0°0587 0°0723 0°0025 0°0258 
2 0°0553 0°0711 0-0020 0:02.19 
3 0°0493 0°0932 0°0023 0°0272 

4 0°0393 0°1092 0°0052 
Mean k = 0°0506 0°0864 0-0030 0°0266 


The most interesting feature of these results is the variation 
in the bimolecular reaction coefficient with the nature of the inner 
coating of the reaction vessel. Table II, in which the velocity 
coefficients have been collected, shows that insulation of the glass 
surface by the non-polar paraffin wax slows the reaction down to 
about one-seventeenth of its original velocity in the glass vessel, 
whilst a stearic acid coating increases the velocity. A cetyl alcohol 
surface is not so active as either a stearic acid or a glass surface in 
promoting the reaction, but is ten times more effective than a paraffin 
wax surface. It is probable that had the drying of the gases been 
more complete, and the paraffin wax surface free from small cracks 
which admitted the reacting gases to the glass surface beneath, the 


* The difference is really even more marked, for during the time taken to 
close the stopcocks, an appreciable fraction of the reaction is completed, 
in the case of the stearic acid, glass, and cetyl alcohol surfaces, and is never 
measured by the pressure diminution. Thus at ¢ = 0 the concertrations of 
ethylene and bromine in contact with the above three surfaces are about 
0°8 times their concentration in contact with the paraffin wax surface. To 
this is due the higher values of the asymptote a observed in the case of 
paraffin wax. 
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reaction velocity in the paraffined vessel would have been even less 
than that observed. To a similar cause we may attribute the 
variation of the velocity coefficient for a given surface. The vari- 
ation of rate of flow of the gases through the drying train and reaction 
chamber would inevitably affect the state of desiccation of the gases 
and thus cause secondary variation of the bimolecular coefficients 
for different experiments. The mean values of the bimolecular 
velocity coefficient for the four experiments are collected at the 
bottom of Table II, and they place the catalytic efficiency of the 
surfaces investigated in a certain order. It will be observed that 
this order is independent of the particular velocity coefficient 
chosen from the experimental figures to represent the surface, so 
that these variations are only of secondary importance. 

It is thus evident that the velocity coefficient of this reaction is 
a function of the chemical character of the walls of the containing 
vessel, and it should be possible to use the reaction as a measure of the 
polarity of surfaces, by a development of the accuracy of the method 
employed above. Such a comparative study of the polarity of a 
number of different surfaces with reference to their chemical consti- 
tution should yield many interesting results. 

A very simple demonstration of the non-reactivity of dry bromine 
and ethylene gases in contact with a non-polar surface was obtained 
as follows: The two gases, purified, dried, and diluted with air as 
already described, were passed by way of separate paraffin wax- 
coated tubes into a tightly corked paraffined test-tube. Thence 
the gas stream, after slow mixing in the paraffined tube, passed into 
a clean glass test-tube, provided also with an outlet tube. The 
whole system was immersed in an ice-bath. It was found, on 
passing about 2 litres of 4 per cent. bromine-air mixture and 2 
litres of 4 per cent. ethylene-air mixture through the apparatus in 
forty-five minutes, that no ethylene dibromide was formed in the 
varaffined tube (except for a trace where the wax was cracked), 
vhilst about 0°25 gram of liquid ethylene dibromide collected at the 
bottom of the glass test-tube. 

The importance of the experimental results recorded in this 
paper is considered to lie in the fact that they provide evidence of 
a new character in favour of the theory that molecular activation 
isnot only of a catalytic character, but consists in an induced polaris- 
ation of the reactant molecules by association with some polar 
catalyst, either in the gaseous, surface, or liquid phase. They also 
confirm Lowry’s deduction that molecules of unsaturated com- 
pounds may exist both in a non-polar “resting form” and in a 


polar reactive form, and further show that the conversion of the 


former into the latter may be brought about by a poler catalyst. 
5 u** 2 
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This phenomenon is probably purely electrical in character, consist- 
ing simply in the production of an electrovalence from a covalence 
by a displacement of one of the electrons constituting the double 
bond, under the action of the electrical field of the catalyst. 


Summary. 


(1) The hypothesis is advanced that molecular activation is at 
any rate partly a catalytic process consisting in the polarising of 
the reactant molecule by association with the molecule of a polar 
catalyst, either in a gaseous, surface, or liquid phase. 

(2) This is supported by the fact that complete desiccation of 
reactants suspends reaction in the great majority of the cases 
investigated. 

(3) Lowry’s view that the molecules of unsaturated organic 
compounds which are unreactive in their resting form may become 
reactive by developing an electrovalence in the double bond, for 
example, by contact with some polar substance (gaseous or other- 
wise), is a special form of this hypothesis in which the complete 
ionisation of the bond is postulated. 

(4) The hypothesis is tested experimentally by investigation of 
the reaction of ethylene and bromine. It is shown that the dried 
gases practically cease to react when enclosed by “non-polar” 
walls of paraffin wax, but that they react rapidly when enclosed by 
a “‘ polar” surface of glass, stearic acid, or cetyl alcohol. 

(5) The reactivity of the gases as measured by the bimolecular 
velocity coefficient varies with the chemical nature of the enclosing 
surface, being greatest for stearic acid, the substance which may be 
considered the most polar of those investigated. 

(6) On passing dry ethylene and bromine diluted with air through 
a paraffined tube, and then through a glass tube, no ethylene di- 
bromide was observed in the paraffined tube, whilst about 0:3 
gram collected in the glass tube. 

(7) These results are considered as evidence in favour of the con- 
tention that molecular activation is normally associated with a 
process of catalytic polarisation. 


The author is indebted to Professor T. M. Lowry for suggesting 
this problem for research. He wishes to thank him and Dr. E. K. 
Rideal for their sympathetic interest in the course of the work. 
His thanks are also due to the Department of Scientific and Industrial 
Research for a maintenance grant which has made the work possible. 
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CCCLIX.—Cadmium Sulphide and the Estimation of 
Cadmium. 


By ALFRED CHARLES EGERTON and FRANK VICTOR RALEIGH. 


TuE observations recorded in this paper were made during some 
work on the vapour pressures of cadmium-zinc alloys, and were 
the outcome of an attempt to obtain a quick method of analysis of 
the alloys by precipitation of cadmium as sulphide. This in turn 
led to some observations of the behaviour of cadmium sulphide. 
So this note divides itself into two sections, analytical, and some 
qualitative observations on cadmium sulphide. 

Analytical—The two metals are separated by precipitation of 
the cadmium as sulphide under definite conditions. The cadmium 
is estimated as sulphide (containing a fixed quantity of a complex 
salt), and the zinc is precipitated from the filtrate according to the 
usual method. 

Fresenius (J. pr. Chem., 1858, '73, 241) advised double precipitation 
of the cadmium in order to remove zinc which may be carried down 
with cadmium sulphide, but when small quantities of zinc are present 
this seems to be unnecessary. It has, indeed, not been found to be 
necessary even when fairly large amounts of zine are present at the 
dilutions employed in this work (for example, alloy 2). 

The conditions under which satisfactory results are obtained are 
as follows. A solution of about 0-2 gram of the alloy in the least 
quantity of concentrated hydrochloric acid is neutralised with 
ammonia, diluted to 100 c.c., and then acidified with 4 c.c. of con- 
centrated hydrochloric acid in order to give the solution a fixed 
acidity. The solution, heated at 80°, is saturated with hydrogen 
sulphide and the orange-red, granular precipitate of cadmium 
sulphide is collected in a Gooch crucible, washed well with a definite 
quantity of water, dried at 110—120°, and weighed. The filtrate is 
examined for zinc and estimated by the ammonium phosphate 
method. Under these fixed conditions, the composition of the 
cadmium sulphide obtained appears to be sufficiently constant. 
The method, moreover, is quick, and does not entail redissolving the 
sulphides or converting to sulphate or phosphate—operations which 
require time and provide opportunity for losses which are important 
when dealing with small quantities. 

If the precipitate so obtained is treated as being pure cadmium 
sulphide, the results would work out from 2 to 3 per cent. too high. 
Treadwell (‘‘ Quantitative Analysis,” Ist edn., p. 151) states that 
cadmium sulphide is not pure, but contains a basic salt, CdS,CdCl,. 
The presence of such a salt would account for high results. The 
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sulphide estimated by means of silver nitrate was: (1) 3-61, (2) 3-46, 
(3) 3-64 per cent. These results serve to show that the percentage 
of chlorine present in the precipitated cadmium sulphide is constant 
when the conditions under which the precipitation is carried out 
are maintained the same. 

A calculation made on the basis that the cadmium sulphide 
contained the salt CdS,CdCl, from the above figures showed that 
this salt ought to be present to the extent of 8-16 per cent. of the 
whole. The weight of the precipitate corresponding to 112-4 grams 
of the cadmium would therefore be 147-4 instead of 144-47 for pure 
cadmium sulphide. 

Experiments made with pure cadmium (redistilled in a vacuum 
as a check on the method) gave the following results : 


Weight calculated 


Gram of cadmium (Fe W Cd 
taken (W). Gram of sulphide. Tie)” per cent, 
0°10944 0°14350 0°14350 100-00 
0°10425 0°13686 0°13670 [100-11 
0°10820 0°14205 0°14190 100°10 


These figures justify the use of the value adopted for the molecular 
weight of the precipitate, which evidently has a constant com- 
position provided the precipitation is carried out under the same 
conditions. 

The alloys made to the approximate composition given below 
were analysed by the above method with the following results (zinc 
was estimated by the phosphate method) : 


: Analysis. 
Approximate y = 
Alloy. composition. Cd. Zn. 

1 72:28 71°45 28°55 100-00 

2 60 : 40 59°89 40°09 99°98 

3 80 : 20 80°18 19°97 100°16 

: 90°66 9°86 100°32 

4 90; 10 {90:75 8°43 99°18 
—* { 64°76 34°35 99°10 

5 65 : 35 1 64°74 34°63 99°37 


The values for the zine were not in satisfactory agreement in 
the case of alloys 4 and 5, owing to the small quantity of zinc 
present in the solution (about 0-02 gram); it will be noted, however, 
that the cadmium results agree well in the two separate analyses 
for each of these alloys. 

It follows from the above results that the separation of cadmium 
as sulphide in a 4 per cent. acid solution at the dilution chosen is 
sufficiently complete to make double precipitation unnecessary. 


amount of chlorine in several samples of precipitated cadmium 
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The errors which would be so introduced would be greater than 
those due to possible incompleteness of precipitation. 

Cadmium Sulphide——During the course of this work, certain 
observations were made on cadmium sulphide. Allen, Crenshaw, 
and Merwin (Amer. J. Sci., 1912, 34, 341) have described similar 
results, so we find, in their work on the “ Crystalline Forms and 
Genetic Conditions of Zinc, Cadmium, and Mercury Sulphides,” 
but in view of recent work on lead oxide (Glasstone, T., 1921, 119, 
1689, 1914) and Applebey and Reid (T., 1922, 121, 2129), it may be 
of interest to record some of the observations made. 

Cadmium sulphide can be obtained in an orange-red and in a 
yellow form. The yellow form is obtained when a solution of 
cadmium, to which a small quantity (2 c.c. per 100 c.c. of solution) 
of strong hydrochloric acid has been added, is saturated with hydro- 
gen sulphide. The suspended precipitate changes to red on heating 
and turns yellow again on rapid cooling. Under similar conditions, 
the same volume of concentrated sulphuric acid will yield an orange 
precipitate, which deepens colour on heating but returns to the light 
orange shade on cooling. The red form (or orange-red) is obtained 
when the cadmium sulphide is precipitated hot (80°) from such a 
sulphuric acid solution or one containing twice the volume of 
hydrochloric acid. The yellow is also obtained when alkaline 
sulphides are employed in the cold, also from alcoholic solutions. 
If the yellow sulphide is maintained wet in the presence of hydrogen 
sulphide, it becomes orange. 

Follenius first noted this difference of colour of precipitated 
cadmium sulphide, but ascribed it to impurities such as chloride 
and sulphate of cadmium carried down with the sulphide. Buchner 
(Chem. Zig., 1887, 11, 1087) and Beng (7bid., p. 536; 1891, 15, 329) 
considered, on the contrary, that cadmium sulphide was pure and 
existed in two forms, the yellow and the red. Klobukow (J. pr. 
Chem., 1889, [ii], 39, 413) stated that the densities of the two 
modifications were slightly different. The following experiments 
were made to investigate the behaviour of these two varieties of 
cadmium sulphide. 

(1) Analytical results gave the same composition for the red and 
yellow sulphides. 

(2) On heating, the dried yellow sulphide changes to the red shade 
and on cooling it returns to the yellow shade again. On heating 
the red, the colour tends to deepen, but on cooling changes to 
yellow. The change is not monotropic. 

(3) The yellow form was heated in air on a strip of platinum, 
the resistance of which served to measure the temperature. The 
strip could be viewed under the microscope while heating. The 
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sulphide appeared to deepen to orange at 120° and to red between 
310° and 340°. Above 400°, the sulphide commenced to decompose 
and blacken. There was no definite transition point marking the 
colour change. 

The particles do not appear, under a high power magnification, 
to alter as to state of aggregation when changing colour. The 
smaller the aggregates, however, the less their colour seems to 
change. The yellow variety is generally composed of smaller 
particles than the red. 

(4) Examined with a spectroscope, the light reflected from the red 
variety shows absorption of violet and blue and to some extent 
of green light ; that of the yellow reflects more green, but otherwise 
no difference was observed. 

(5) Rubbed in a mortar, the yellow form goes dark ochre. 
orange and remains that colour. Examined under the micro. 
scope, the general effect is that the smallest particles this time 
have become the darkest. On heating the rubbed material, it 
darkens and on cooling returns to an ochre-yellow, not a lemon- 
yellow. 

(6) Dry cadmium sulphide can be vaporised by heating in a 
vacuum and condenses in the lemon-yellow form, which changes to 
the red on heating. 

Midst the complicated phenomena exhibited by oxides, sulphides, 
etc. which occur in differently coloured varieties, the following 
properties seem to be in common in those cases which have been 
proved to show poly- or di-morphism. 

(1) Mode of Formation —The more strongly alkaline the solution 
from which the substance is precipitated, the greater the amount 
of stable form produced. Acid solutions tend to give the unstable 
form. This is the case for lead oxide (Applebey and Reid, loc. cit.; 
Ruer, Z. anorg. Chem., 1906, 50, 225; and others), for mercury 
sulphides and zinc sulphides (see Allen and Crenshaw, loc. cit.), 
also for mercury oxide, etc. 

(2) Behaviour towards Heat.—When it is heated dry, the stable 
form changes over to unstable, thus red to yellow monoxide, or red 
to yellow mercuric iodide. The transition is often characterised 
by a very small energy change, making observation of a transition 
point difficult. The reverse change is slow even in the case of wurt- 
zite (ZnS) at 1020° (Allen and Crenshaw). 

(3) Behaviour on Crushing—The unstable forms give the stable 
forms on crushing. 

Differences of solubility, of density, and of crystalline form are 
apt to lead to erroneous conclusions, unless the different forms are 
obtainable in the pure state. 
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Alongside these definite conclusions we can compare the behaviour 
of cadmium sulphide. 

(1) The yellow form is obtained from alkaline or cold solutions, 
the orange from hot or acid solutions. 

(2) The yellow goes to the orange-red on heating, the reverse 
change taking place readily on cooling. 

(3) The yellow changes to a dark orange on crushing. 

The first and second observations would lead by analogy to the 
conclusion that the yellow is composed mainly of the stable form and 
the red of the unstable, if such different forms exist. On the other 
hand, the behaviour of the sulphides is akin to the behaviour of lead 
oxide described by Glasstone (loc. cit.), of mercury oxide by Ostwald 
(Z. physikal. Chem., 1900, 34, 495), and of precipitated mercuric 
sulphide by Allen and Crenshaw (loc. cit.). The colour change is 
ascribed by these workers to difference in state of aggregation, the 
larger particles being generally associated with the deeper colour. 
Allen and Crenshaw’s work and the observations here described 
seem to support the view that size of particle and change of absorp- 
tion of the light with temperature could together account for the 
observed change of colour of cadmium sulphide. The yellow would 
change to red on heating because the general absorption would 
extend further towards the red on rise of temperature. 

There are difficulties, however, in this view. In each of the other 
cases (PbO, HgO, and probably HgS), definite dimorphism has been 
proved and the colour changes can be ascribed to partial change of 
one form into the other. It is probable enough that changes of 
state of aggregation in the case of the amorphous precipitates 
would affect the colour even granting they are mixtures of two 
definite forms. The evidence, however, is conflicting. Applebey and 
Reid found that the red form of lead monoxide had a smaller particle, 
while Glasstone considered the red form to be larger than the 
yellow particles obtained by crushing, and if the red form of cadmium 
sulphide is produced by agglomeration, the change to the yellow 
colour of lead monoxide cannot be well ascribed to the same cause. 

In the case of cadmium sulphide and mercuric sulphide (below 
325°), the colour is very easily reversed by simply heating and 
cooling, whereas with the pure lead monoxide and mercuric oxide 
(Schoch, Amer. Chem. J., 1903, 29, 319) the changes are probably 
monotropic, indicating perhaps a different cause for the change of 
colour. 

Allen and Crenshaw found that mercury sulphide became per- 
manently black at 445°, due to a thin coating of the black form (HgS). 
They ascribed change of colour below this temperature to increase of 
light absorption with temperature, but may not this increase be also 
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due to changes within the molecule which imply momentary forma. 
tion of the other form? In spite of many unsuccessful efforts to 
prepare a pure crystalline unstable red form of cadmium sulphide, 
it seems quite possible that it may be capable of existence. 


Summary. 

(1) A constant proportion of cadmium chloride in cadmium 
sulphide obtained under certain conditions of precipitation renders 
possible estimation of cadmium as sulphide. 

(2) Observations on the yellow and red forms of cadmium sulphide 
are discussed. 


CLARENDON LABORATORY, OXFORD, [Received, August 25th, 1923.] 


CCCLX.—The Vapour Pressure of Cadmium and its 
Alloys with Zine. 


By ALFRED CHARLES EGERTON and FrRankK Victor RALEIGH. 


Apart from measurements of the vapour pressures of mercury 
amalgams, the effect of one constituent of a binary alloy upon the 
vapour pressure of the other does not appear to have been investi- 
gated quantitatively. This paper is an account of some preliminary 
work undertaken to investigate the mutual influence of metals on 
the properties which determine their vapour pressures. 

In the case of molten alloys, two completely miscible metals 
the molecules of which influence each other in the same way as they 
influence themselves in respect of the domain occupied and the 
forces acting between them, may be expected to obey Raoult’s law, 
the vapour pressure of the mixture being simply dependent on the 
concentration of the constituents. If these influences are different 
in the mixtures, then departures from Raoult’s law may be expected; 
as special cases, the mutual effect of the several molecular species 
present may lead to formation of compounds (M,’M,’”’) which will 
lead to further complication. In some cases, as has been shown by 
Berry (Proc. Roy. Soc., 1911,-86, A, 67), the compound itself will 
vaporise. If these complications do not enter, then departures 
from Raoult’s law should provide means of determining constants 
which would depend on the mutual forces between the atoms of the 
respective metals. 

In the case of solid evtectics, the change of surface concentration 
would render measurements of vapour pressure very difficult. 
Vanstone (T., 1910, 97, 429) showed that the vapour pressure of 
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two miscible solids (camphor and borneol) followed the ordinary 
mixture law. 

In this work, which follows on that by Egerton on the vapour 
ressure of cadmium, zinc, and mercury (Phil. Mag. 1917 [vi], 33, 
33: 1920, [vi], 39, 1), two metals, namely, cadmium and zinc, were 
used, one of which (zinc) is hardly vaporised at the temperature 
used compared with the other. The experiments carried out on 
pure cadmium agree with the results previously obtained in apparatus 
arranged differently : it has therefore been possible to check again 
the values of the chemical constant. For the alloys, it appears 
that Raoult’s law is obeyed, and it is probable that the interatomic 
forces between the atoms of cadmium and zinc are not very different 
from those between the atoms of cadmium alone. 


ExPERIMENTAL. 


The vapour pressure was measured by the method of effusion 
through a hole into a high vacuum. The apparatus used has 
been described by Egerton (Proc. Roy. Soc., 1923, [A], 103, 469). 
The same selenium cell temperature control was employed and the 
average range of temperature variation for experiments 1—15 of 
the alloy series was + 0-27°. The iron—constantan thermo-couple 
was standardised several times during the course of the experiments 
against the standard platinum—platinum-rhodium couple. A 
borosilicate glass tube and a pot of slightly different shape (so as to 
hold about 10 grams of metal) were used instead of the quartz 
tube and small pots. It was necessary to have a fairly large amount 
of alloy, otherwise its composition would change appreciably during 
theexperiment. The area of the hole in the lid of the conical-shaped 
pot was measured in the same manner as before, and was about 
1mm. in diameter. A disk of mica was placed inside, on which 
metal deposited which would otherwise have condensed on the upper 
portions of the tube. The deposit had to be analysed in order to 
correct for the density of the vapour, and this disk was necessary 
to prevent loss of metal. The weight of metal vaporised was 
ascertained by weighing the pot before and after the experiment, 
as in the work on the vapour pressure of lead, to which reference 
should be made for other experimental details. 

At the end of the experiment, the alloy in the pot was dissolved 
in acid and analysed. Knowing also the composition and the 
weight of the metal vaporised and deposited in the tube, the com- 
position of the alloy at the beginning of the experiment was calculated. 
A mean of these two values was taken as being the composition 
of the alloy for that particular experiment. The alloys were made in 
quantities of at least 100 grams at a time from cadmium (99-9 per cent. 


3026 EGERTON AND RALEIGH: THE VAPOUR PRESSURE OF 


purity) and zinc (99-99 per cent.) by melting the requisite quantity 
of zinc in a graphite crucible and adding the cadmium yiii 
stirring. 

The method employed for estimating the cadmium in the alloys j 
described in the preceding paper (this vol., p. 3019). The approxi. 
mate compositions of the alloys investigated were: 90Cd,10Zn: 
80Cd,20Zn; 72Cd,28Zn; 65Cd,35Zn; 60Cd,40Zn. The act 
compositions are given in the table of results (see Table J). 

(Photomicrographs were made of the various alloys showing the 
change of structure with increase in percentage of zinc.) 

Vapour Pressure of Alloys—The vapour pressures of the cadmiun 
and zinc alloys have been measured at two temperatures, namely, 
295-1° and 303-7°. It appears that the vapour pressures in the 
molten state obey Raoult’s law. The straight line drawn in the 
graph represents the values to be obtained if Raoult’s law held, 
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The points obtained by experiment are shown. Raoult’s law is 
obeyed within the error so long as the molten metal is in the base of 
the pot and the temperature is above that at which a solid con- 
densate can deposit. When the temperature and the composition 
are such that a solid alloy may be present in the pot,* the equilibrium 
in the pot is disturbed and the vapour pressure seems to have 
become near that for the metal with the higher vapour pressure. 
The method is not applicable to the measurement of the vapour 
pressures of solid alloys, as the surface concentration is changed 
by the vaporisation of the more easily vaporised component. 
Margules’s equation cannot be usefully applied in this case. 


* An alloy containing 60 per cent. of cadmium melts at 309°, so that it is 
solid at the above temperatures; an alloy containing 70 per cent. of cadmium 
melts at 293° and remains liquid during the measurements (see Lorenz and 
Plumbridge, Z. anorg. Chem., 1913, 88, 232; Bruni and Sandonnini, ibid., 1912, 
78, 273; Hindrichs, ibid., 1907, 55, 417). The pure metals crystallise 
out from the alloys; no compounds or mixed crystals are formed. The 
eutectic (82°5 per cent. of cadmium) melts at 263°. 
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The equations are given by Porter (Trans. Faraday Soc., 192, 
16, 336) in the form 


logr = logwea + logua + B(1 — pa)? 
logr = logrz, + log(l — pa) + B(Ha)? 


where z is the vapour pressure of the alloy, zz, and z¢q are the 
vapour pressures of zinc and cadmium at the same temperature, ,, 
is the molecular concentration, and 8 is a constant depending on 
forces of attraction and repulsion between the unlike atoms in the 
alloy. In this case, 8 = 0 and the expression reduces to that of 
Raoult. 

It is interesting to compare this result with the work that has 
been done on amalgams. Ramsay (7'., 1889, 55, 521) first studied 
the vapour pressure of amalgams; he concluded that “ the atoms 
of metals were identical in solution with the molecule.” He 
observed, however, departures from the law of Raoult, the lowering 
of vapour pressure being sometimes greater and sometimes less 
than expected. Hildebrand and his co-workers (J. Amer. Chem, 
Soc., 1913, 35, 501; 1914, 36, 202; 1915, 37, 2452; 1920, 42, 542) 
have measured the deviation from Raoult’s law for many amalgams 
(Au, Bi, Cd, Tl, Zn, Pb, and Sn). In some cases the deviations 
appear to be attributable to association (Zn), sometimes to com- 
pound formation (Cd, Hg), but more often (Pb, Sn) to the causes 
indicated in van Laar’s theory of binary mixtures (Z. physikal. 
Chem., 1910, 72, 723). This theory takes into account the volumes 
occupied by the solute and solvent molecules and the heat change 
on mixing ; Raoult’s law then only holds when molecules of the solute 
can move about in the same way in the solvent as in the solute 
itself and can escape from it as easily. Hildebrand found that only 
in the case of the dilute silver amalgam Raoult’s law accorded with 
the experimental measurements. He considers (J. Amer. Chem. 
Soc., 1916, 38, 1452) that the law is only obeyed when the internal 
pressure of the solute is the same as that of the solvent metal. In 
our case, therefore, it would follow that the internal pressure of 
cadmium is much the same as that of zinc at the temperature 
investigated, as is indicated by their compressibilities and expansion 
coefficients at lower temperatures. 

Vapour Pressure of Cadmium.—The results obtained in this work 
for the vapour pressure of cadmium are in general agreement with 
the results previously obtained by Egerton (Phil. Mag., 1917, 
[vi], 33, 33). Small quartz pots were used in the first three experi- 
ments. In experiment 4, a large glass pot was used and the result 
is not in close agreement with the others owing to lack of temper- 
ature equilibrium within the pot. 


, 1921, 
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It is satisfactory that these measurements in a differently arranged 
apparatus support the results obtained in the work carried out 
at South Kensington in 1914, for the latter observations have been 
used by one of the authors (Phil. Mag., 1920, [vi], 39, 1) and also 
by Heidhausen (Z. Hlektrochem., 1921, 27, 69) for the calculation 
of the chemical constant of cadmium. It is of importance to have 
confirmation of the theoretical deduction that C = 1-5 logM + C,, 
and it was shown in the papers cited that agreement was obtained 
within the experimental error. Since then the results of the careful 
work by Braune (Z. anorg. Chem., 1920, 111, 109) on the vapour 
pressure and specific heat of molten cadmium and zinc have been 
published, from which he also has calculated their chemical constants. 


VaPouR FRessure Measur"Ts 


Q'00/7 


or 
x 


Fie. 2. 
476 526 589 667 769 909 WI0'A 
a 
“4 _ oy 
iv 
f°. © 

- 4 
3 <e < 

” BY 
2 S = 1 
of — ae 

G'002/ | Py —— 
» 
€ x 


Zinc AND CADMIUM I: 
x x 


2| 0 BRAUNE * BARUS Pe 
x RUFF & BERGDAHL OEGERTON . ma 
@ EGERTON & RALEIGH Beune PONT Se, 
Ss) 


R MELTING POINT. 
4 ‘ Q00lS a'o0/3 doo r 


Measurements carried out by Ruff and Bergdahl (ibid., 1919, 106, 76) 
appear to be of less value from the point of view of consistency and 
accuracy. ‘The graph (Fig. 2), reduced from a large-scale plot, 
indicates the measurements which have been made on the vapour 
pressure of cadmium and zinc: Log P is plotted against the 
reciprocal of the temperature. 

The vapour pressure of the solid plotted in this way is a straight 
line which cuts, as it should, the vapour pressure curve of the 
liquid at the melting point, so that the work of Braune on the liquid 
is in close agreement with that obtained by the authors for the 
solid.* The vapour pressure of cadmium has thus been accurately 


* Bennewitz (Ann. Physik, 1919, 59, 193) has measured the rate of evapora- 
tion from a clean surface of cadmium and obtains the ratio of the apparent 
pressure to the saturation pressure extrapolated from the measurements by 
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observed over the range 10° mm. to 10° mm. and appears to agree 
with the equations 


In Table IfI are given the values deduced by Heidhausen from 
Egerton’s results, the observed results, and the results calculated 
from the straight line through the points given by the above equa- 
tion; also the comparison of the results obtained by Braune and 
by Egerton by extrapolation in opposite directions to the melting 
point. 


Taste III 
Log P mm. 
ae es oars ~ 
Egerton. Braune 
Temp. Heidhausen Egerton ~ (calc. from (extra- 
(abs.). (calc.). (Obs.). equation). polated). 
421°9° —5°033 —4°959 —5°028 
482°6 —3°279 —3°276 —3°272 
513°6 —2°539 —2°538 —2°536 
523°0 —2°332 —2°332 —2°329 
523°5 —2°129 —2°118 —2°129 
545°6 —1°863 —1°878 —1°864 
594°0 —0°9383 —0°971 


(m. p.), 


The specific heat of cadmium is not known with certainty at very 
low temperatures.* Braune takes the value 147 for fv, similar to 
the value used by Egerton; both figures were calculated from Linde- 
mann’s melting-point formula using rather different suppositions. 
Heidhausen gives 172, showing that this figure agrees best with the 
specific heat measurements of Dewar at low temperatures and of 


Liebig. The following table shows that his experiments are in very much 
better agreement on the basis of the author’s values than on that of the extra- 
polated values he assumed to be correct. The emission coefficient becomes 
unity : 


Bennewitz- Bennewitz- The value obtained for mercury 
Temp. Liebig. Egerton. —=_ was 0°808. Knudsen has shown that 
198°5° 0°42 0-91 if the metal is perfectly clean the 
203°8 0°39 0°78 coetticient becomes 1, but the slight- 
213°3 0°36 1:21 est trace of impurity (grease, etc.) 
234°5 0°65 1:10 will reduce the value enormously. 
Mean 0°45 0°98 


* Recent measurements at low temperatures by Rodebush (J. Amer. Chem. 
Soc., 1923, 45, 1413) confirm those of Dewar and support the higher value oi 
8: adopted by Heidhausen and Schrédinger. 


agree 
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Wiist at higher temperatures. Schrédinger, in a critical survey 
(Physikal. Z., 1919, 20, 450), from Griffith’s and Ewald’s measure- 
ments deduces a similar figure, 168. 

Chemical Constant of Cadmium.—The following are the values of 
the constant calculated from the experimental data : Egerton 1-65, 
Heidhausen 1-52, Braune 1-54,* Theory (3-076—1-589) = 1-487. 
Using Braune’s vapour pressure measurements and the value for By 
experimentally determined (168), the constant has the low value 1-36 ; 
on the other hand, using the present author’s results, A7,, = 26484 
instead of Braune’s Az,, = 26370, and the same value (168) for By, 
the constant becomes 1:41. Either the experimental value of Bv 
js a little high or A is not quite high enough to obtain exact agree- 
nent—for this, 4g would have to be 27124 cals. and Az, = 26680 
cals., taking the mean (Braune, Egerton) value of p7,, = 0-105 mm., 
and C, = f( = + 1-22 1037’. The experimental work which has 
been done on this point clearly demonstrates that C lies between 
15 and 1-4; in fact, the theoretical figure is well confirmed. 

Chemical Constant of Zinc.—The few measurements made on the 
vapour pressure of zinc (see Fig. 2) during this work were not in 
quite such good agreement with those previously obtained; they 
were all higher to the same extent and the values do not agree so 
well with Braune’s result. The error is probably a degree or two in 
the temperature measurements. It is unnecessary to discuss these 
further, as the experiments are being repeated. It is important to 
obtain an accurate measure of the vapour pressure of zinc, for the 
wcertainty in the value of the specific heat is less than in the case 
of cadmium. ‘The line representing the vapour pressure of zinc 


} deduced by Heidhausen from Egerton’s previous measurements does 
] not cut the Braune curve exactly at the melting point; on the other 
Jhand, the following, logP = — 6997-7/T + 6-403, agrees more 
} closely with the observed results and satisfies Braune’s value at the 
] nelting point. Both Egerton and Braune took 235 as the value 
4 of &y, whereas Heidhausen takes the later value of Nernst, 228. 


This makes the constant slightly greater. The values calculated 
are 1-23 (Egerton), 1-108 (Heidhausen), 1-114 (Braune). If Braune’s 
values are combined with the later value of fv (228), the value 
obtained is 1-19. The theoretical value, 1-134, lies between these 
last figures. 

Taking into consideration the constant calculated from the 
vapour pressure of mercury and of argon, the theoretical deduction 


* The figures quoted by Braune (loc. cit.) which lead to his figure for the 
constant 1°54 appear to add to 1°558 and not 1°54; a recalculation, however, 
of the separate figures leads to a result, 1°543, confirming his conclusion. 
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of the constant of a monatomic substance is being well supported 
by experiment. 


Summary. 


(1) The vapour pressures of molten cadmium and zinc alloys 
have been measured at two temperatures and Raoult’s law is found 
to rule. 

(2) Measurements of the vapour pressure of cadmium are critically 
studied and the value for the chemical constant of cadmium has 
been confirmed and agrees closely with the theoretical value. 


CLARENDON LABORATORY, OXFORD. [Received, August 25th, 1923.] 


CCCLXI.—Products of the Destructive Distillation of 
Sodium Anthraquinone-1- and -2-sulphonates. 


By ARTHUR GEORGE PERKIN and WiLL1AM GawaN SEWELL. 


In a communication of 1885 (A. G. and W. H. Perkin, T., 47, 
679) it was shown that on dry distillation sodium anthraquinone- 
2-sulphonate yielded anthraquinone, 2-hydroxyanthraquinone, and 
a sparingly soluble, orange-red compound (compound A), appar- 
ently free from sulphur, to which the formula C,,H,,0, was assigned. 
This substance, characterised by the magenta colour of its sulphuric 
acid solution, gave anthracene by distillation with zinc dust, and 
by alkali fusion, alizarin. With cold nitric acid (d 1-5), it was 
oxidised to the colourless substance, C,,H,,0,, which yielded a 
brownish-yellow, crystalline salt with aniline and when fused with 
alkali was in part converted into alizarin and in part reduced to 
the compound C,,H,,0,. Oxidation with chromic acid gave the 
compound C,,H,,0, or C,,H,O,, and this also, by alkali fusion, 
gave alizarin. More recently, the suspicion again arose that the 
substance C,,H,,0, contains sulphur and especially so as it closely 
resembles in properties 2: 2’-dianthraquinony!] sulphide (D.R.-P. 
255591, 1912). A trace of the original preparation being available, 
it was re-examined, and although by means of barium chloride 
and nitric acid, as on the previous occasion, no sulphur could be 
detected, the sodium nitroprusside test proved it to be present. 
There was therefore little doubt that the compounds designated 
as Cy,H,,0,, C.,H,,0,, and C,,H,,0, consisted, respectively, of a 
dianthraquinony] sulphide, C,,H,,0,8, the sulphoxide, C,,H,,0;§, 
and the sulphone, C,,H,,0,S, and these formule are in full agree- 
ment with the many carbon and hydrogen analyses given in the 
original paper. In the earlier experiments, the “silver” salt, 
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contained in an iron tube, was placed between the bars of an old- 
fashioned grate containing a hot fire, but in the present investig- 
ation @ combustion furnace only was available. Curiously enough, 
this slower-heating process gives a distillate much more difficult 
to separate into its constituents than was formerly the case, and 
it has only been possible, after very numerous experiments, to 
obtain the compound C.3H,,0,?, now known to be C,.H,,0,§, 
pure enough to give analytical numbers similar to those obtained 
orginally. This difficulty, it has been found, is due to the 
fact that a considerable quantity of the hitherto unknown 
9:2'-dianthraquinonyl ether (I) is present, 

CO CO CO 
NWV304VYS) ANA, (VY 


| 
A \“NG MA, cw etl 


(I.) (II.) 


and although this substance is even more sparingly soluble than 
the substance C,,H,,0,S, its marked tendency to form super- 
saturated solutions has rendered its complete separation from the 
latter, by fractional crystallisation, practically impossible. 

Examination showed that this oxide is readily hydrolysed to 
2-hydroxyanthraquinone by the action of baryta or weak alkali 
at 180°, and by means of stronger alkali is converted into alizarin. 
This hydrolysis, it was ascertained, takes place less easily in the 
case of the compound C,,H,,0,8 (loc. cit.), and by carefully making 
use of this method of preferential hydrolysis the latter substance 
was eventually obtained free from the oxide, and found to melt 
at 289°. 

The anthraquinone oxides previously described are the 1: 2’- 
(D.R.-P. 216268, 1909) and the 1: 1’-derivative (D.R.-P. 283482, 
1915), the former being prepared from 1-chloro- and 2-hydroxy- 
anthraquinones, sodium acetate, and copper powder in presence 
of boiling nitrobenzene. 

In preparing the 2:2’-derivative from the 2-chloro- and 
2-hydroxy-anthraquinones in a similar way, it was found that a 
much higher temperature is necessary, and the combination is 
best effected by using 2-chloroanthraquinone as solvent at 250— 
260°. The 2:2’-compound can thus be obtained in good yield 
and is identical with that present in the distillation products of 
sodium anthraquinone-2-sulphonate. 

The anthraquinony] sulphide, melting at 289°, corresponds with 
the 2: 2’-compound described in D.R.-P. 255591, 1912, but the 
nelting point is there given as 275—276°. Adopting the method 


— 
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of preparation there recommended, it was, however, ascertaine{ 
that the 2 : 2’-sulphide (II) in reality melts at 290-5—291° and is 
without doubt, identical with the substance (A) obtained, as above 
stated, from sodium anthraquinone-2-sulphonate by distillation. 

From the synthetical 2 : 2’-sulphide, by means of fuming nitric 
acid and chromic acid in presence of acetic acid, the sulphoxide, 
SO(C,,H,0,)., and the sulphone, SO,(C,,H,O0,),, not hitherto 
described in the literature, were respectively obtained. 

These compounds were again prepared from the 2 : 2’-sulphide 
obtained from the distillation of sodium anthraquinone-2-sulphonate, 
and they corresponded exactly in their properties with the con. 
pounds “C,,H,,0,” and “ C,,H,,0,” described in the forme 
communications. Interesting is the fact that the sulphoxide, as 
was originally noted, gives a coloured, crystalline salt with aniline 
and, as it has now been found, with allied bases; the o-toluidine 
compound, C,,H,,0;S,C,H,N, forming lustrous orange-red needles, 
These salts, which are not given by the sulphone and are decom. 
posed by dilute acid, boiling alcohol, or by heating at 140° and 
above, with regeneration of the sulphoxide, may, it is suggested, 


contain the grouping NHPhS<&. 


The sulphone cannot give such compounds because there the 
sulphur is sexavalent. 

As was formerly ascertained, the sulphoxide, on fusion with 
alkali, is in part reduced to the sulphide with the simultaneous 
formation of alizarin, and it has now been found that in certain 
cases it behaves as an oxidising agent; thus, for example, when it 
is boiled with commercial acetic acid or dimethylaniline, an almost 
quantitative production of the sulphide occurs. The sulphoxide 
itself has now been isolated from the product of the distillation 
of sodium anthraquinonesulphonate, so that the distillate obtained 
by the method given above consists essentially of 2-hydroxy- 
anthraquinone, 2: 2’-dianthraquinonyl ether, the 2 : 2’-sulphide, 
the 2: 2’-sulphoxide, and anthraquinone. The reactions involved 
in the formation of 2: 2’-dianthraquinonyl ether and the 2:2’ 
sulphide during the distillation would appear to consist in the 
production, in the first place, of 2-hydroxyanthraquinone and 
anthraquinone 2-mercaptan, 2 mols. of the former yielding the 
oxide, 


-OH + OH- — -O-, 


and 1 mol. of each, or 2 mols. of the latter, yielding the sulphide: 


-OH + SH- —> -S- 
-SH +'SH- —> -S-. 
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Experiment has shown that whilst potassium anthraquinone- 

g.sulphonate on destructive distillation gives some quantity of 

the 2: 2’-sulphide, the corresponding ammonium and aniline salts 

give, under these conditions, merely anthraquinone. On the other 

hand, the distillate from sodium anthraquinone-1-sulphonate con- 

tains, in addition to anthraquinone, a trace of 1-hydroxyanthra- 
quinone, but no 1 : 1’-sulphide is present. This difference between 

the behaviour of the sodium 1- and 2-sulphonates may be due to the 
higher decomposition temperature of the former. Preliminary 
experiments have been made on the preparation of the anthranol 
(III) of 2 : 2’-dianthraquinony] sulphide, 


C(OH) C(OH) 
(YY S84 YY 
Py Pt ft} £ ) a 
AIA) Fs Fle Ol 
CH CH 


and a crystalline acetyl compound, apparently derived from this 
substance, is described in this paper. 


EXPERIMENTAL. 


Commercial sodium anthraquinone-2-sulphonate in quantities 
of 100 grams, contained in a copper tube welded at one end and 
into the aperture of which was screwed a copper pipe bent at right 
angles, was destructively distilled by means of a combustion 
furnace. The distillate condensed in a large flask averaged 35 per 
cent. 

In the earlier experiments of the present investigation, the 
distillate, freed from 2-hydroxyanthraquinone by means of dilute 
alkali, was extracted repeatedly with boiling acetic acid, 27 frac- 
tions being thus obtained. Fractions 1 to 7 consisted mainly of 
anthraquinone, whereas fractions 8 to 19 formed orange needles, 
which melted at about 276° and were soluble in sulphuric acid with 
a magenta coloration. Fractions 11, 12, and 14 contained, re- 
spectively, 5-65, 5-64, and 5-52 per cent. of sulphur, whereas fraction 
18 gave C = 72-67; H = 3-54 per cent., the latter figures being 
very different from those formerly obtained (loc. cit.; C = 75-25; 
H = 3-38 per cent.) for the substance C,,H,,0,?. Recrystallisation 
from pyridine revealed the presence of two compounds, a mixture 
of needles and leaflets being thus obtained, the latter being present 
in much larger amount in the fractions 20 to 27. As fraction 25, 
which melted at 312°, gave by analysis but 1-96 per cent. of sulphur, 
it appeared evident that the main constituent therein was free 
from sulphur. A complete separation of these two compounds by 
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this method, however, proved to be impossible and the employ. 
ment of acetic acid and xylene, as solvents, was now studied. 
From 150 grams of the distillate, 7 grams of 2-hydroxyanthn. 
quinone were removed and subsequently, by seven extraction 
employing in each case 600 c.c. of boiling acetic acid, 55 grams of 
nearly pure anthraquinone were obtained. By means of boiling 
xylene the residue was now separated into 6 fractions : 


Coloration 
M. p. with H,S0,. 
1 28 grams Non-crystalline 266—271° Red magenta 
2 6:5 ~ " 276 ‘ a 
3 is4 .,. Needles 280 Magenta 
4 Be 4; Needles and leaflets 313 Red brown 
5 50s, ” ” over 315 2 
6 i a Leaflets ae Yellow brown 


Isolation of 2 : 2’-Dianthraquinonyl Ether.—Fractions 4, 5, and 6 
(11-2 grams) were repeatedly extracted with boiling acetic acid 
until the residue (8-7 grams) melted at 314—317°. Finally, after 
numerous crystallisations from pyridine, the product, at first a 
mixture of plates and needles, was obtained as yellow needles 
melting at 326°. ‘These were very sparingly soluble in all solvents 
and dissolved in sulphuric acid with a yellowish-brown coloration 
(found: C=77-9; H=3-51. (C,,H,,0, requires C = 781; 
H = 3-26 per cent.). 

This compound, suspected to consist of 2 : 2’-dianthraquinonyl 
ether (I), was heated under pressure with baryta water at 180— 
200° for eight hours. The product, diluted with water, on neutral- 
isation deposited dull yellow flocks, which were extracted with 
dilute alkali. Addition of baryta water to the extract caused the 
deposition of the barium derivative of alizarin, which was removed 
and the filtrate acidified. The yellow precipitate gave an acetyl 
compound melting at 158°, and consisted, without doubt, of 
2-hydroxyanthraquinone. 

After numerous trials, this hitherto unknown compound was 
prepared in bulk as follows: A mixture of 2-chloroanthraquinone 
(15 grams), 2-hydroxyanthraquinone (7-5 grams), anhydrous 
sodium acetate (6 grams), and copper powder (3 grams) was gradu- 
ally heated with stirring from 230° to 250—260° during twelve 
hours. ‘To avoid charring the mass, which must remain throughout 
of necessity in the fluid condition, the temperature is kept as low 
as possible. ‘The dark-coloured product was extracted with benzene 
to remove 2-chloroanthraquinone, then with water to remove 
sodium salis, and was subsequently freed from copper powder by 
decantation (yield 10 grams or 66 per cent.). It melted at 324° 
after repeated crystallisation from pyridine, and was identical 
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- employ. with 2:2’-dianthraquinonyl ether isolated from the distillate. 
lied. From dilute pyridine solutions it is deposited in boat-shaped 
yanthy,§ crystals, from stronger solutions in pale yellow needles (Found : 
traction C= 78:24; H = 3-49 per cent.). 
grams yjf By means of cold nitric acid (d 1-5), in which it slowly dissolves, 
: boiling this oxide yields at least two crystalline nitro-derivatives, one 
sparingly soluble in acetic acid and melting at about 278°, and 
the other more easily soluble and melting at about 290°. 
SO, Isolation of 2 : 2'-Dianthraquinonyl Sulphide.—For this purpose, 
senta. | the xylene fraction 1 referred to above was first employed. From 
'» this, by repeated crystallisation, employing successively benz- 
. aldehyde, dimethylaniline, and acetic acid as solvents, a further 
: amount of the dianthraquinonyl ether was removed, and 1 gram 
town of the more pure sulphide, melting at 284°, isolated. This, how- 
ever, still contained some of the oxide, the complete removal of 


wn 


, and 6 
ic acid which could only be effected by the action of alkali solution at a 
, after § higher temperature. 


first 3 The substance (0-5 gram), rendered colloidal by solution in 
1eedles § SUphuric acid and reprecipitation with water, was heated in a 
small iron autoclave with caustic soda (7 grams) in water (18 c.c.) 


—— at 185° for six hours. The product, diluted with water, was 
73-1. | acidified, filtered, the residue washed with dilute alkali to remove 

’f alizarin, and finally crystallised from acetic acid. It was thus 
inonyl obtained in lustrous, orange-red needles melting at 289°, and it 
180 | Possessed the properties of the compound C,,H,,0,* described 
utra]. § in the earlier communication (loc. cit.) (Found: C= 75:14; H= 
with | 228; S=6-68. Cale. for C,,H,,0,8, C= 7531; H= 3-16; 


d the § S= 7:18 per cent.). 
Further amounts of this substance, evidently 2 : 2’-dianthra- 


_ 
a quinonyl sulphide (II), were obtained in the same way from the 
+, of | Xylene fractions 2 and 3 described above. To identify this com- 
pound with certainty, 2 : 2’-dianthraquinonyl sulphide was prepared 
was | bY @ modification of the method given in the patent (D.R.-P. 
none | 2203871), which proved to be the most suitable for laboratory 
rous § "8°. 
xdu- A mixture of 2-chloroanthraquinone (60 grams), potassium 
elve | Xanthate (60 grams), copper powder (1 gram),} and amyl alcohol 
out | (600 c.c.) was heated at the boiling point for sixteen hours with 
low | thorough stirring, it being of advantage to add an additional 
ene | © grams of 2-chloroanthraquinone every four hours. After removal 


a * The average of the five analyses of this substance given in the former 
y paper is C = 75°25; H = 3°38 per cent. 

24 t The employment of copper powder, not mentioned in the patent, was 

ical found to be important. 
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of unattacked 2-chloroanthraquinone by means of benzene, the 
residue was repeatedly crystallised from xylene. The product 
(30-8 grams) melted at 290-5—291°, and not at 275—276°, as jg 
stated in the patent (Found: C= 75:3; H=3-29; S = 7.23 
Cale. for C,,H,0,S, C = 75-31; H = 3-16; S = 7-18 per cent,), 

A mixture of this preparation with the sulphide obtained by the 
distillation of sodium anthraquinone-2-sulphonate melted at 
290—291°. 

2 : 2’-Dianthraquinonyl Sulphoxide.—2 : 2'-Dianthraquinony 
sulphide was dissolved in cold nitric acid (d 1-5), and the solution 
poured into water. The colourless product was crystallised first 
by solution in hot aniline, followed by the cautious addition of 
hot alcohol, and finally from acetic acid. It formed small, colour. 
less needles melting at 261-5°, and was identical with a preparation 
obtained in the same manner from the sulphide isolated from the 
distillate (Found: C=729; H=31; S=7-06. C,,H,,0,8 
requires C = 72:7; H = 3:05; S = 6-94 per cent.). 

This compound, evidently the sulphoxide, is that originally 
designated as C,,H,,0,, which, as shown in the former communi- 
cation, gave on analysis C = 73-01; H = 3-45 per cent. 

By prolonged digestion with boiling commercial acetic acid or 
dimethylaniline, it is reconverted into the sulphide, which crystallises 
on cooling, and therefore is evidently a powerful oxidising agent. 
By the action of strong aqueous sodium hydroxide at 180—200°, 
it yields alizarin and the sulphide. 

The o-toluidine salt, C.gH,,0;8,C,H,N, separated in orange needles 
on addition of benzene to a hot solution of 2 : 2’-dianthraquinony! 
sulphoxide in o-toluidine. It was collected and washed with benzene. 
Heated at 140°, it is reconverted into the sulphoxide, and it is 
slowly decomposed by contact with boiling alcohol, or more quickly 
by means of dilute acid. 

To a suspension of 0-4500 gram of the salt in water, a little hydro- 
chloric acid was added and the mixture boiled for five minutes. 
There was thus obtained 0-3656 gram of sulphoxide or a loss of 
weight of 18-76 per cent., the theoretical loss for 1 mol. of o-toluidine 
being 18-80 per cent. 

The orange-brown aniline salt and pale brown p-toluidine salt 
decompose, respectively, when heated, at 190° and 150°. 

2 : 2’-Dianthraquinonyl sulphoxide is itself present to a small 
extent in the distillate from sodium anthraquinone-2-sulphonate, 
and was isolated from the xylene fraction 1, above referred to. 
This, by solution in hot commercial benzaldehyde, on cooling de- 
posited crystals of the impure sulphide, which were removed, and 
from the filtrate, on keeping, pale yellow needles separated. These, 
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after recrystallisation, melted at 263° (Found: C = 72-52; H = 
3-15 per cent.). The identity of this compound with the sulphoxide 
was confirmed by a mixed melting-point determination. As a 
proof of its actual recurrence in the distillate, it was ascertained 
that no conversion of the sulphide into sulphoxide occurs, even 
after a prolonged treatment of the former with boiling commercial 
benzaldehyde. 

2 : 2’-Dianthraquinonylsulphone.—This compound, to which the 
formula C,,H,,0, or C,,H,O, was originally given (Found: C = 
10:35; H = 3-15 per cent.), is obtained by digesting a solution of 
either the sulphide or sulphoxide in boiling acetic acid with chromic 
acid. ‘The yield is almost quantitative, 2-8 grams of the sulphone 
being produced from the sulphide (2-5 grams), acetic acid (250 c.c.), 
and chromic acid (30 grams). It crystallises from acetic acid in 
colourless needles melting at 303-5° (Found : C = 70-45; H = 3-13; 
§=6-55. C,.H,,0,S requires C = 70-27; H= 2-95; S= 671 
per cent.).* The sulphoxide is here the first product of the oxid- 
ation of the sulphide, and it can be thus prepared by the action 
of a minimum of chromic acid on a very dilute glacial acetic acid 
solution of this substance. 

Reduction of 2 : 2'-Dianthraquinonyl Sulphide.-—When the sulphide 
in the colloidal condition was digested with a boiling solution of 
stannous chloride in hydrochloric acid, reduction ensued, but was 
incomplete. By heating, however, the sulphide (1 gram) with 
stannous chloride (10 grams) and hydrochloric acid (10 c.c.) in a 
sealed tube at 140—150° for five hours, a pale yellow product 
resulted. This yielded an acetyl derivative, which crystallised from 
acetone in pale yellow needles melting at 198—205° (Found: C = 
76-7; H=4-7. Cy oH..0,8 requires C = 76-5; H = 4-4 per cent.). 
Apparently, therefore, this compound consists of the diacetyl 
derivative of dianthranol-2 : 2’-sulphide (IIT). 

On the other hand, by reducing the sulphide with aluminium 
powder and sulphuric acid in the usual manner, and acetylating 
the product in the presence of pyridine, a compound which crystal- 
lised in yellow needles was obtained. This’ gave the same figures 
on analysis (C = 76-75; H = 4-24 per cent.), but possessed no 
definite melting point. The examination of these compounds is 
reserved for further study. 

1 : 1’-Dianthraquinonyl Sulphide.—This substance, which accord- 


* Estimations of sulphur in both the sulphoxide and sulphone by the Carius 
method were unsatisfactory, some insoluble matter being invariably present 
after the operation. The process finally adopted consisted in the use of 
sodium peroxide (5 grams) and potassium hydroxide (10 grams) at 80° for 
one hour, and subsequent fusion. 
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ing to the literature has hitherto been prepared by the interaction 
of 1-chloroanthraquinone with anthraquinone 1-mercaptan, can be 
more readily obtained in the laboratory by the xanthate method. 
A mixture of 1-chloroanthraquinone (4 grams), potassium xanthate 
(4 grams), copper powder (0-5 gram), and amyl alcohol (40 c.c.) was 
boiled for twenty-four hours. After removal of 1-chloroanthra. 
quinone, and crystallisation of the residue from pyridine, red, 
rectangular prisms melting at 321-5° were obtained (yield 2-35 
grams). No melting point of this compound appears in the patent 
(D.R.-P. 274357, 1911), which merely states that it dissolves in 
sulphuric acid with an olive-green colour (Found: C = 75:54: 
H = 3-24; S=7-16. Cale. for C,,H,,0,S8, C = 75-31; H = 3-16; 
S = 7-18 per cent.). 

1: 1’-Dianthraquinonyl sulphoxide is readily obtained from the 
1: 1’-sulphide by means of nitric acid (d 1-5) and crystallises from 
acetic acid in orange needles melting at 309-5°. It gives a yellow 
coloration with sulphuric acid (Found: C = 72-64; H = 311. 
C.,H,,0,;S requires C = 72-69; H = 3-05 per cent.). It resembles 
the 2 : 2’-sulphoxide, and gives with aromatic bases coloured salts. 
The o-toluidine compound forms small, red needles, which at about 
200° become colourless, with evolution of o-toluidine. 

1: 1’-Dianthraquinonylsulphone, prepared from the sulphide or 
sulphoxide by means of chromic acid, forms yellow needles melting 
at 321° and is soluble in sulphuric acid with a yellow coloration 
(Found: C = 70-39; H = 3-08. C,,H,,0,S requires C = 70-27; 
H = 2-95 per cent.). 

In the anticipation of obtaining 1 : 1’-dianthraquinony] sulphide 
from sodium anthraquinone-l-sulphonate, 58 grams of the latter 
were destructively distilled and yielded 15 grams of a greenish- 
yellow product. This consisted of anthraquinone admixed with a 
small amount of 1-hydroxyanthraquinone, no sulphide being 
present. 1 

The distillates obtained from both ammonium and aniline anthra- 
quinone-2-sulphonates (Perkin and Sewell, J. Soc. Chem. Ind., 
1923, 42, 277) consist almost entirely of anthraquinone. 
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CCCLXII.—The Relationship between Colour and Con- 
stitution in the Nitrobenzaldehydehydrazones. 


By FREDERICK DANIFL CHATTAWAY and GEORGE ROGER 
CLEMO. 


THE brilliant colour of many of the nitro-substituted hydrazones,* 
the existence of a large number in polymorphic modifications, 
and the exceptional beauty of the crystals give to these compounds 
a peculiar interest. Those containing a nitro-group in the ortho- 
or para-position in the aldehyde residue generally have an intense 
red colour, varying from scarlet to garnet-red, the ortho-compound 
as a rule showing a more orange shade than its para-isomeride. 
On the other hand, those containing the nitro-group in the meta- 
position aré almost t without exception orange or yellow, for 
example, 


CH——N-NH CH——N-NH CH——N-NH 
Ya On 0 OP 
ye MO 
Cl Cl No, 
Bright scarlet prisms. Bright yellow prisms. Deep scarlet prisms. 


The scarlet or red colour of these compounds is associated with 
the crystalline state only, since it differs in shade in polymorphic 
modifications and since all the nitrobenzaldehydehydrazones 
without exception give pure yellow solutions on sufficient dilution. 

The presence of negative substituents in the hydrazine residue 
is as a rule, without effect on the yellow colour of the m-nitro- 
benzaldehyde compounds, but affects markedly the colour of their 
ortho- and para-isomerides. 

This influence depends in a striking manner on the position of 
the substituent. Thus, a substituent in the ortho-position causes 
the red colour to become more orange, whilst the presence of two 
substituents in the ortho-position causes the red or scarlet colour 
to disappear, a yellow hydrazone being obtained alike in the ortho-, 
meta-, or para-series. 


* Hydrazones containing other substituting groups are generally colour- 
less or pale yellow. 

t The presence of a nitro-group in the ortho-position of the hydrazine 
residue gives rise to red m-nitrobenzylidene derivatives. Thus, m-nitrobenz- 
aldehyde-o-nitrophenylhydrazone exists in bright scarlet prisms. 

VOL. CXXIII. 51 


3042 CHATTAWAY AND CLEMO: RELATIONSHIP BETWEEN COLOUR 


The following series of halogen-substituted hydrazones illustrate 


the general influence of substitution in the hydrazine residue. 
paige ‘NH ——N-NH CH——N-NH 
aaa Ayer ~ 2 7 
* hg oc hgh haggle 
, * \Z bl 
NO Br 
Dark crimson prisms. Orange pring Bright crimson prisms, 
CH——N:NH CH——N:-NH CH——N-NH 
OPO” Om Or OO 
De TY a 4 
Br NO, Br 
Bright scarlet prisms. Deep itil prisms. Brick-red prisms. 
CH———N-NH api ‘NH CH——N:-NH 
(NO, a& Br (/ C) Sia (Br Br 
xo,” Ww NF 
No, 
Bright orange plates. Canary-yellow prisms. Bright orange prisms, 
yaaa NH CH———N-NH CH——N-NH 
NNO, Br/ 4s (Br NBr (Br \Br 
OO att \/ ran, 
NO, Br 


Slender yellow sae Bright yellow ail Bright yellow needles. 


By comparison with this marked effect of ortho-substitution 
on the colour of the crystals, meta-substitution exerts only a slight 


influence. 
Thus 
Pata ~N H peer NH ane, ‘NH 
) CO) v () ( 
Cl 
CO) by eo cl XO, cet \ cl if 
Brick-red noe Yellow ae ingame red _ prisms, 


All the nitro-substituted benzaldehydehydrazones show a char- 
acteristic and distinctive behaviour towards alkalis. 

Speaking generally, when a saturated solution of potassium 
hydroxide in alcohol is added to an alcoholic solution of a nitro- 
substituted benzaldehyde primary hydrazone, if the nitro-group 
is in the aldehyde residue in the ortho-position a vivid green, in 
the meta-position a brown, and in the para-position a brilliant 
cobalt-blue colour is produced. When the nitro-group is in the 
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hydrazine residue, if it is in the ortho-position a violet, if in the 
meta a brown, and if in the para a magenta colour is produced. 

When alcoholic potash is added to a saturated alcoholic solution 
of a nitrobenzaldehydehydrazone derived from an unsymmetrical 
secondary hydrazine* little or no alteration in colour is produced 
whether the nitro-group occupies an ortho-, meta-, or para-position 
in the aldehyde residue. 

In all cases except where the action of the alcoholic potash has 
been so prolonged as to cause profound decomposition, the hydrazone 
can be recovered unchanged from the coloured solution by the 
addition of acid. 

With the primary o-nitrobenzaldehydehydrazones at the ordinary 
temperature, brown or olive-green solutions are often obtained 
which become bright green on warming or increasing the concen- 
tration of alkali, the shade reverting to brown or olive-green on 
cooling or dilution with alcohol. 

With the primary m-nitrobenzaldehydehydrazones, the brown 
colour produced at the ordinary temperature deepens on warming 
or addition of a large excess of alkali and reverts to the paler shade 
on cooling or dilution with alcohol. 

With the primary p-nitrobenzaldehydehydrazones, the colour 
produced at the ordinary temperature is sometimes green or 
greenish-blue, the intense blue colour only appearing on warming 
or adding a large excess of alkali. 

All these vividly coloured alkaline solutions, whether green, 
brown, or blue, become pure yellow on sufficient dilution with alcohol, 
the degree of dilution necessary varying with the nature of the 
substituents in the hydrazine residue. 

Generalising from the large number of examples studied, when 
the nitro-group is in the aldehyde residue it is necessary for the 
production of vivid colour not only that the nitro-group should 
occupy the ortho- or para-position with regard to the -CH- group 
of the aldehyde residue, but also that a hydrogen atom should be 
attached to the nitrogen atom contiguous to the cyclic residue of 
the hydrazine,t that is, the hydrazone must be derived from a 
primary hydrazine. When, however, the nitro-group is in the 
hydrazine residue, although it must occupy the ortho- or para- 
position with respect to the nitrogen chain, the presence of a hydrogen 


* So far, we have not prepared hydrazones from secondary hydrazines 
containing a nitro-group, such, for example, as N OX NH: 

t The only exceptions which have been encountered to this rule are the 
nitrobenzaldehydehydrazones derived from 2: 5-dichloro-6-nitrobenzalde- 
hyde. Thus 2: 5-dichloro-6-nitrobenzaldehydephenylhydrazone gives no 
trace of a green colour with alcoholic potash. 
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atom attached to the carbon atom of the chain is not necessary, 
as vivid colours are produced by the o- and p-nitrophenylhydrazones 
derived from ketones such as acetone, acetophenone, benzophenone, 
and cyclohexanone. 

Thus in, say, o-nitrobenzaldehydephenylhydrazone, 

(0)NO,°C,H,°CH:N-NH-C,H,, 
the imino-hydrogen atom is necessary for the production of vivid 
colour, whilst in benzaldehyde-o-nitrophenylhydrazone, 
C,H,;-CH:N-NH-C,H,°NO,(0), 
the methine hydrogen is not necessary for such colour production. 

This is borne out by the behaviour of o- and p-nitrobenzylidene. 
azines, NO,*C,H,-CH:N-N°CH-C,H,°NO,, and of o- and p-nitrobenzyl. 
ideneanils, NO,°C,H,-CH:N-C,H,;, not one of which gives any 
marked colour with alcoholic potash. 

A simple explanation of the production of the vivid green, blue, 
or violet colours from the ortho- and para-substituted hydrazones 
by alkalis suggests itself. 

Although a quinonoid configuration is not a necessary condition 
of colour, intense colour is frequently associated with it and it seems 
reasonable to assume that those under discussion are due to the 
presence of such a configuration within the molecule. Highly 
coloured salts, having a quinonoid structure,* are probably produced 
from the tautomeric forms of the nitrohydrazones, for example, 


C,H,-CH:N-NH-C,H,'NO,(0) “°S C,H,-CH:N-N:C,H,:NO-OK (0) 


Yellow in alcoholic solution. Bright violet-blue. 
C,H;CH:N-NH-C,H,-NO,(p) “°S C,H,-CH:N-N:C,H,:NO-OK(p) 
Yellow in alcoholic solution. Intense magenta-violet. 


Some further alteration in structure appears to be necessary 
for the production of the intense green or blue colour by alkalis 
when the nitro-group is in the ortho- or para-position in the aldehyde 
residue, for the assumption of tautomeric change gives no explana- 
tion of the fact that these colours are not given by the similarly 
constituted derivatives of unsymmetrical secondary hydrazines. 
It can scarcely be due to an alteration of basicity, since methyl- 
phenylhydrazine and diphenylhydrazine behave similarly in giving 
hydrazones in which the colour with alkali is suppressed. This 
being so, it seems likely that the explanation must be sought in 
the greater mobility of the imino-hydrogen atom, which migrates 
to the carbon atom of the aldehyde group with the consequent 
production of an azo-linking between the nitrogen atoms. 

* The work of Lifschitz (Ber., 1915, 48, 1730; 1922, 55, [B], 1613) may be 
recalled in this connexion. He attributes the intense colour produced by 
the action of alkalis on such o- and p-nitro-substituted compounds as p-nitro- 
benzyl cyanide and o- and p-nitrodeoxybenzoin to the formation of salts 
having the quinonoid structure. 
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Thus, for example— 


P--erlaegsitagh NH oi—— NN 
NNO, Br (“Br EtOK ( \:N O-OK Br Br 
© NA an, © ie 
3 
Yellow in alcoholic pin Bright green. 
H==N-NH cH—N3 
( ‘ Br Br soe i, ‘ Br’ “Br 
iA ek \" y, 
No, GH, o.oK CBs 
Yellow in alcoholic solution. Brilliant cobalt-blue. 


An alternative explanation, postulating the formation of an 
additional ring system on the addition of the alkali in the following 
manner, 


a H 
iS “\y EtOK Ne 
\ JNO; NCH; NCH 
Nat \/ Ve" os 
H U 
O OK 


cannot be sustained, since on this basis it would be expected that 
the hydrazones derived from, say, o-nitroacetophenone would show 
a similar colour reaction, which they do not, and further, this 
explanation would not account for the colours given by the p-nitro- 
benzylidene compounds. 

An equally simple explanation of the production of a deep brown 
colour by alkalis when a nitro-group is present in the meta-position 
only in either or both residues is not forthcoming. 

It may possibly be due to a kind of salt formation by the addition 
of potassium ethoxide.* Thus, for example, 


me NC Ci... 
Ci Oi Ocal 
=. no, | Ja \ Jx0-0K \ } 


Yellow in wie? i Deep brown. 


* The brown colours produced by the action of alcoholic potash upon 
simple aromatic nitro-derivatives such, for example, as the nitrotoluenes 
may be similarly explained : 


NO:OK 
NO, | 
fn, EtOK i 
F \7Z 
CH, 
EtO CH, 
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CH———N-NH CH————=N--- NH 
I % ws, EtOK « my 
\ NO; L JNO, —_— N NOOK \ NOOK 
Yellow in alcoholic solution. Intense brown. 


The consistent variation of the colours of the crystals of the 
o-, m-, and p-nitrobenzaldehydehydrazones, and of the effect of 
negative substituents in the hydrazine residue upon them is not 
so easy to explain, although a theory plausible at first has been 
suggested. The colour of many of the o- and p-nitrobenzaldehyde. 
hydrazones is surprisingly like that of many azo-compounds, 
If the formule of such hydrazones are examined, it will be seen 
that an azo-linking between the nitrogens could be brought about 
by the migration of the imino-hydrogen atom : 


NO,:C,H,CH:N-NHPh —> NO,:C,H,:CH,:N:NPh. 


If such a migration actually took place during the formation 
of these nitro-substituted hydrazones owing to the augmented 
negative affinity of the o- or p-nitrophenyl group of the aldehyde 
residue for the positive hydrogen atom, the brilliant scarlet colour 
of, say, p-nitrobenzaldehyde-p-chlorophenylhydrazone would be 
accounted for by its having the azo-structure, 


(p)NO,°C,H,°CH,°N-N-C,H,Cl(p). 


On this assumption, not only should the benzaldehydehydrazones 
be pale yellow or colourless, as they are, but even in the case of the 
o- and p-nitrobenzaldehydehydrazones, if sufficient negative 
groups were introduced into the hydrazine residue, these should 
counteract the negative attraction of the o- or p-nitrophenyl group 
of the aldehyde residue. At first, this explanation seemed satis- 
factory, since, although the introduction of one or even two halogen 
atoms in the 2: 4-positions scarcely altered the scarlet colour of 
the crystals, the introduction of two halogen atoms in the 2: 6- 
positions or of three in the 2: 4: 6-positions changed the colour to 


a yellow scarcely distinguishable from that of the meta-isomeride. 


For example, 


C,H,;CH:N-NHPh —> (p)NO,‘C,H,CH,N:NPh —> 
Pale yellow. Scarlet. 
(p)NO,"C,H,-CH»"N:N-C,H,Cl(p) 


Scarlet. 


(p)NO,°C,H,-CH,"N:N-C,H,Cl,(2 : 4) —> 


(p)NO,*C,H,CH:N-NH:C,H,Cl,(2 : 4 : 6) 
Yellow. 


Scarlet. 


LOUR 
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On this basis also, the m-nitrobenzaldehydehydrazones might be 
expected to be yellow, as indeed they are, since the presence of the 
nitro-group in the meta-position would, in accordance with the 
alternate polar theory, lessen the tendency of the methine carbon 
atom to attach an extra hydrogen atom. 


This explanation cannot, however, be maintained. If the nega- 
tive nitro-group in the aldehyde residue determined the position 
of the hydrogen atom, it might be expected that, in some cases 
at any rate, the presence of other negative substituents in place 
of the nitro-group would cause the hydrogen atom similarly to 
wander, with the consequent introduction of the azo-linking and 
production of red or scarlet colour. This, however, is not the case, 
such hydrazones being either colourless or of a very faint yellow 
colour. 

Further evidence against the necessity for assuming that the red 
hydrazones have an azo-structure is furnished by the fact that the 
crystals of o-nitrobenzaldehydephenylmethylhydrazone, 

(0)NO,"C,H,°CH:N-NMe:C,H;, 

in which there is no imino-hydrogen atom which could wander— 
are brilliant scarlet. Again, the nitrobenzylidene derivatives of 
bases like p-aminodimethylaniline closely resemble the _nitro- 
benzaldehydehydrazones in colour—the o- and p-nitro-compounds 
being red or scarlet and the m-nitro-compounds yellow—which 
shows that red or scarlet colour similar to that of the o- or p-nitro- 
benzaldehyde compounds can be associated with the azomethine 
structure, *CH°N. 

The fact that all the red or scarlet o- and p-nitrobenzaldehyde- 
hydrazones give pure yellow alcoholic solutions on sufficient dilution 
indicates that the colour only appears when the molecules are brought 
into close proximity in the solid state. The colours themselves 
recall the colours of the salts of the nitrophenols, and this suggests 
that they may be due to something analogous to salt formation, 
and that the loss of the scarlet or red colour in the case of the highly 
negatively substituted hydrazones may be owing to the loss of 
positive character by the hydrazine part of the molecule owing 
to the introduced negative substituents, aided perhaps by some 
steric hindrance, preventing a sufficiently near approach of the 


attracting groups. 
An assumption which appears satisfactorily to account for what 


3048 CHATTAWAY AND CLEMO: RELATIONSHIP BETWEEN COLOUR 


is observed is that the colour is due to an attraction which acts 
effectively over a limited distance only, between the nitro-group 
of one molecule and the imino-group of another. 

Owing to the configuration of the molecules, when the molecules 
of o- or p-nitrobenzaldehydehydrazones arrange themselves in 
crystals this kind of loose salt formation occurs. When the com- 
pour:ds are dissolved, this condition exists to some extent in strong 
solutions, hence their red colour. When, however, dilution separates 
the molecules widely, this attraction, or strain, or electronic oscilla- 
tion is so weakened or prevented that no action upon light such as 
that which is exerted by the solid material can take place and the 
clear yellow, which may be termed the molecular colour of these 
compounds, appears. 

The crystal units being built up differently in the polymorphic 
modifications, the relative positions of the acidic and basic groups 
in the crystals would be dissimilar, thus accounting for the different 
colours of the crystals of polymorphic modifications. It must 
be assumed that the position of the nitro-groups in the m-nitro- 
isomerides does not allow the potentially attracting groups to 
approach sufficiently near in the crystals for the condition producing 
the red colour to exist. 

This view seems to be supported by the fact that any configura- 
tion which diminishes sufficiently the basic character of the hydrazine 
residue causes the disappearance of the scarlet or red colour; for 
example, 


R:IN-NMe —-R:N-N-C,H; —-RIN-N-CH, C,H; R:N-N 
4 ” er s r \ y - \” 
S; ”, hgh Rg Frkyy 
Scarlet. Yellow. Yellow. Yellow. 
R = [oJNO,-C,H,-CH 


EXPERIMENTAL. 


The nitrobenzaldehydehydrazones are all easily made by mixing 
equivalent amounts of the requisite nitrobenzaldehyde and hydrazine 
in alcoholic solution. Heat is generally evolved and the solid 
hydrazone separates as the alcoholic solution cools, although in 
some cages the reaction has to be completed by heating on the water- 
bath with the addition of a little acetic acid. The nitrobenzaldehyde- 
hydrazones almost always crystallise well, the crystals having 
strong and distinctive colours. Many exist in polymorphic modifi- 
cations differing markedly in crystalline form and colour. 

Those derived from primary hydrazines are sharply characterised 


i ol 
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by the intense green, blue, violet, or brown colours produced by 
the addition of an alcoholic solution of potassium hydroxide to 
their saturated alcoholic solutions. In a few cases, to develop 
the colour fully it is necessary to add powdered potassium hydroxide. 
Heating also causes the full colour to develop, the shade first pro- 
duced reappearing as the solution cools. In all cases, sufficient 
dilution of these alkaline, coloured solutions with alcohol gives a 
yellow solution. 

On adding slight excess of an acid to the coloured alkaline 
alcoholic solution, the hydrazone is re-formed except in a few cases 
where heating or prolonged action of the alkaline hydroxide causes 
profound decomposition. 

As, in order to study the effect of constitution upon the colour 
changes, many compounds had to be examined before any sort 
of generalisation could be made, it is necessary to describe them 
briefly, and in the following descriptions the name of each 
compound is given first, then in the case of a compound already 
known the reference to the paper where it was first described is 
given. <A brief description of the colour and shape of the crystals 
isnext given. When the compound exists in polymorphic modifica- 
tions, the labile form is always described first. The colour produced 
by adding a saturated alcoholic solution of potassium hydroxide 
to its alcoholic solution is next given, and, finally, any further change 
of colour brought about by heating this coloured solution completes 
the description. 

In the case of compounds not hitherto described, the melting 
point and analytical result are given after the name. 

o-Nitrobenzaldehydephenylhydrazone. Ber., 1887, 20, 1343. 
Crimson prisms. Bright green. Unaltered. 

m-Nitrobenzaldehydephenylhydrazone. Ber., 1884, 17, 2097. 
Bright orange prisms. Deep brown. Darker shade. 

p-Nitrobenzaldehydephenylhydrazone. Ser., 1887, 20, 1348. 
Dark crimson prisms. Deep greenish-blue. Bright cobalt-blue. 

o-Nitrobenzaldehyde-o-tolylhydrazone. Scarlet prisms. M. p. 
149-5°, Found: N= 16-6. Cale.N = 16-5. Greenish-brown. 
Dark olive-green. 

m-Nitrobenzaldehyde-o-tolylhydrazone. Reddish-orange prisms. 
M. p. 170°. Found: N = 16-6. Yellow. Unaltered. 

p-Nitrobenzaldehyde-o-tolylhydrazone. Scarlet prisms. M. p. 
162°. Found: N = 16-3. Olive-green. Dark olive-green. 

o-Nitrobenzaldehyde-m-tolylhydrazone. Garnet-red, twinned, 
irregular prisms. M. p. 129-5°. Found: N = 16-4. Greenish- 
brown. Dark olive-green. 


m-Nitrobenzaldehyde-m-tolylhydrazone. Bright yellow, six-sided, 
5 1* 
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flat prisms. M. p. 127-5°. Found: N = 16-5. Orange. Slightly 
browner. 

p-Nitrobenzaldehyde-m-tolylhydrazone. Small, dark crimson 
needles. M. p. 109°. Found: N= 16-4. Deep olive-green, 
Bright green. 

o-Nitrobenzaldehyde-p-tolylhydrazone. Long, dark garnet-red 
prisms. M. p. 150-5°. Found: N= 16-7. Dark brown. Dark 
olive-green. 

m-Nitrobenzaldehyde-p-tolylhydrazone. Bright orange-yellow, 
rhombic plates. M. p. 150-5°. Found: N = 16-6. Pale brown, 
Deep brown. 

p-Nitrobenzaldehyde-p-tolylhydrazone. Reddish-orange, six-sided 
plates. M. p. 161-5°. Found: N= 16-5. Dark olive-green. 
Cobalt-blue. 

o-Nitrobenzaldehyde-o-chlorophenylhydrazone. Bright orange, 
flattened prisms. M. p. 156°. Found: Cl = 12-6. Cale. Cl= 
12-9. Olive-green. Brighter green. 

m-Nitrobenzaldehyde-o-chlorophenylhydrazone. J. pr. Chem., 
1907, [ii], 75, 135. Bright yellow prisms. Brown. Very dark 
brown. 

p-Nitrobenzaldehyde-o-chlorophenylhydrazone. Long, _ slender, 
scarlet prisms. M. p. 194°. Found: Cl= 12-6. Bluish-green. 
Deep cobalt-blue. 

o-Nitrobenzaldehyde-m-chlorophenylhydrazone. Bright scarlet, 
flattened prisms. M. p. 170°. Found: Cl = 12-7. Dark olive- 
green. Lighter green. 

m-Nitrobenzaldehyde-m-chlorophenylhydrazone. Small, bright 
orange needles. M. p. 134°. Found: Cl = 12-7. Deep brown. 
Darker brown. 

p-Nitrobenzaldehyde-m-chlorophenylhydrazone. Small, deep 
crimson prisms. M. p. 147°. Found: Cl = 12-5. Dark bluish- 
green. Deep cobalt-blue. 

o-Nitrobenzaldehyde-p-chlorophenylhydrazone. Dark crimson 
prisms. M. p. 181°. Found: Cl=12-7. Dark olive-green. 
Clear green. 

m-Nitrobenzaldehyde-p-chlorophenylhydrazone. Bright orange, 
flattened prisms. M. p. 153°. Found: Cl = 12-8. Pale brown. 
Dark brown. 

p-Nitrobenzaldehyde-p-chlorophenylhydrazone. Dark crimson, 
rhombic prisms. M. p. 158°. Found: Cl= 12-7. Bright green. 
Indigo-blue. 

o-Nitrobenzaldehyde-o-bromophenylhydrazone. Bright orange 
prisms. M. p. 158°. Found: Br = 24-9. Cale. 25-0. Bright 
green. Unaltered. 


polym 
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m-Nitrobenzaldehyde-o-bromophenylhydrazone. Bright yellow 
needles. M. p.145-5°. Found: Br= 24-8. Pale brown. Dark brown. 

p-Nitrobenzaldehyde-o-bromophenylhydrazone. Bright scarlet 
prisms. M. p. 206°. Found: Br = 25-2. Bright green. Bright 
cobalt-blue. 

o-Nitrobenzaldehyde-m-bromophenylhydrazone occurs in two 
polymorphic modifications. Labile form slender, scarlet prisms. 
Stable form bright crimson, short, six-sided, rhombic prisms. 
M.p. 181°. Found: Br = 25-0. Dark olive-green. Clear green. 

m-Nitrobenzaldehyde-m-bromophenylhydrazone. Labile form 
slender orange-red prisms. M. p. 124°. Stable form small, bright 
yellow needles. M. p. 128°. Found: Br = 25-2. Pale brown. 
Dark brown. 

p-Nitrobenzaldehyde-m-bromophenylhydrazone. Small, crimson 
needles. M. p. 150-5°. Found: Br = 24-9. Deep green. Indigo- 
blue. 

o-Nitrobenzaldehyde-p-bromophenylhydrazone. Aiti R. Accad. 
Lincei, 1913, [v], 22, ii, 76. Dark crimson prisms. Olive-green. 
Clear green. 

m-Nitrobenzaldehyde-p-bromophenylhydrazone. Atti R. Accad. 
Lincet, 1913, [v], 22, ii, 76. Reddish-orange prisms. Pale brown. 
Dark brown. 
p-Nitrobenzaldehyde-p-bromophenylhydrazone. Aiti R. Accad. 
Tincet, 1913, [v], 22, ii, 76. Bright crimson prisms. Deep green. 
Indigo-blue. 

o-Nitrobenzaldehyde-o-iodophenylhydrazone. Bright orange 
needles. M. p. 149°. Found: I = 34-9. Calc. 24-6. Clear green. 
Unchanged. 

m-Nitrobenzaldehyde-o-iodophenylhydrazone. J. pr. Chem., 1907, 
[ii], 75,139. Labile form flat, yellow prisms. Stable form compact, 
deep orange prisms. M. p.171°. Pale brown. Deep clear brown. 
p-Nitrobenzaldehyde-o-iodophenylhydrazone. Dull scarlet prisms. 
M. p. 203°. Found: I = 34-6. Greenish-blue. Deep cobalt-blue. 

o-Nitrobenzaldehyde-m-iodophenylhydrazone. Rosettes of dark 
garnet-red prisms. M. p. 188°. Found: I = 34-8. Dark olive- 
green. Clear green. 

m-Nitrobenzaldehyde-m-iodophenylhydrazone. Small, orange 
plates. M. p. 150-5°. Found: I = 34-5. Brown. Dark brown. 
p-Nitrobenzaldehyde-m-iodophenylhydrazone. Deep garnet-red 
prisms. M. p. 149-5°. Found: I= 34:3. Clear green. Deep 
cobalt-blue. 

o-Nitrobenzaldehyde-p-iodophenylhydrazone. Annalen, 1888, 248, 
98; T., 1914, 105, 127. Deep garnet-red prisms. Dark olive 
green. Bright green. 


51* 2 
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m-Nitrobenzaldehyde-p-iodophenylhydrazone. Loc. cit. Labil 
form slender, orange needles. Stable form short, brilliant scarle 
prisms. Pale brown. Dark brown. 

p-Nitrobenzaldehyde-p-iodophenylhydrazone. Loc. cit. Bright 
garnet-red prisms. Bright green. Deep cobalt-blue. 

o-Nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. Long, bright 
scarlet, rhombic prisms. M. p. 192:5°. Found: Cl = 23-2. Cal. 
22-9. Dark olive-green. Unaltered. 

m-Nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. Slender, 
yellow prisms. M. p. 211-5°. Found: Cl = 23:0. Pale brown, 
Dark brown. 

p-Nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. Labile form 
slender, bright orange needles. Stable form short, brilliant. scarlet, 


rhombic prisms. M. p. 202°. Found: Cl = 23-1. Deep greenish. | 


blue. Bright cobalt-blue. 

o-Nitrobenzaldehyde-2 : 5-dichlorophenylhydrazone. Labile form 
slender, bright orange needles. Stable form short, compact, 
bright orange, rhombic prisms. M. p. 159°. Found: Cl = 226, 
Dark olive-green. Unchanged. 

m-Nitrobenzaldehyde-2 : 5-dichlorophenylhydrazone. Bright 
orange plates. M. p. 173-5°. Found: Cl = 22-6. Pale brown. 
Deep brown. 

p-Nitrobenzaldehyde-2 : 5-dichlorophenylhydrazone. Bright 
orange plates. M. p. 222°. Found: Cl = 22-4. Deep indigo. 
blue. Unaltered. 

o-Nitrobenzaldehyde-2 : 4-dibromophenylhydrazone. Atti R. 
Accad. Lincei, 1913, [v], 22, ii, 76. Scarlet prisms. Deep olive. 
green. Unaltered. 

m-Nitrobenzaldehyde-2 : 4-dibromophenylhydrazone. Aiti R. 
Accad. Lincei, 1913, [v], 22, ii, 76. Deep yellow, flattened prisms. 
Pale brown. Dark brown. 

p-Nitrobenzaldehyde-2 : 4-dibromophenylhydrazone.  Aiti R. 
Accad. Lincei, 1913, [v], 22, ii, 76. Brick-red, flattened prisms. 
Clear cobalt-blue. Unaltered. 

o-Nitrobenzaldehyde-2 : 6-dibromophenylhydrazone. Bright 
orange plates. M. p. 132°. Found: Br = 39-9. Cale. 40:1. 
Clear bluish green. Rather more blue. 

m-Nitrobenzaldehyde-2 : 6-dibromophenylhydrazone. Canary- 
yellow, hair-like prisms. M. p. 128°. Found: Br = 39-8. Pale 
brown. Dark brown. 

p-Nitrobenzaldehyde-2 : 6-dibromophenylhydrazone. Bright 
orange, rhombic prisms. M. p. 148°. Found: Br = 40. _ Clear 
cobalt-blue. Unaltered. 

o-Nitrobenzaldehyde-3 : 4-dibromophenylhydrazone. Dark 
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jrownish-crimson needles. M. p. 218°. Found: Br= 40-5. Dark 
dive-green. Unaltered. 

m-Nitrobenzaldehyde-3 : 4-dibromophenylhydrazone. Small, 
rddish-orange plates. M. p.176°. Found: Br = 40-5. Reddish- 
brown. Darker brown. 

p-Nitrobenzaldehyde-3 : 4-dibromophenylhydrazone. Small, dark 
cimson plates. M. p. 241°. Found: Br = 40-4. Deep indigo- 
blue. Cobalt-blue. 
o-Nitrobenzaldehyde-2-chloro-4-bromophenylhydrazone. _Labile 
frm deep orange, hair-like needles. Stable form brilliant scarlet, 
six-sided prisms. M. p. 192—193°. Found: Cl= 10-0; Br = 22-6. 
(ale. Cl = 10-0, Br = 22-5. Dark olive-green. Unaltered. 
m-Nitrobenzaldehyde-2-chloro-4-bromophenylhydrazone. Bright 
yellow, slender prisms. M. p. 213°. Found: Cl= 10-1; Br= 
927. Pale brown. Clear dark brown. 
p-Nitrobenzaldehyde-2-chloro-4-bromophenylhydrazone. _ Bright 
sarlet, flat prisms. M. p. 196—197°. Found: Cl=101; Br= 
22:7. Intense cobalt-blue. Unaltered. 
o-Nitrobenzaldehyde-4-chloro-2-bromophenylhydrazone. Bright 
sarlet, flat prisms. M. p. 203°. Found: Cl=100; Br= 
22-7. Dark olive-green. Unaltered. 
m-Nitrobenzaldehyde-4-chloro-2-bromophenylhydrazone. Bright 
yellow, slender prisms. M. p. 201°. Found: Cl=10-1; Br= 
22:7. Pale brown. Clear dark brown. 
p-Nitrobenzaldehyde-4-chloro-2-bromophenylhydrazone. + Labile 
form bright orange, flattened prisms. Stable form bright scarlet, 
six-sided prisms. M. p. 198—199°. Found: Cl= 10-0; Br= 
22-6. Deep cobalt-blue. Unaltered. 

o-Nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone. _ Bright 
yellow, slender, hair-like prisms. M. p. 167°. Found: Cl= 
30:9. Calc. 30-9. Deep greenish-blue. Unaltered. 
m-Nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone. Labile 
form thin, bright yellow plates. Stable form bright orange-red 
prisms. M. p. 159°. Found: Cl= 30-8. Pale brown. Dark 
brown. 

p-Nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone. Canary- 
yellow, hair-like prisms. M.p.212°. Found: Cl = 30-9. Brilliant 
cobalt-blue. Unaltered. 

o-Nitrobenzaldehyde-3 : 4 : 5-trichlorophenylhydrazone. Small, 
brick-red needles. M. p. 273°. Found: Cl = 30-5. Dark olive- 
green. Unaltered. 

m-Nitrobenzaldehyde-3 : 4 : 5-trichlorophenylhydrazone. Orange- 
yellow, thin plates. M. p. 275°. Found: Cl= 30-7. Pale 
brown. Clear dark brown. 


3054 CHATTAWAY AND CLEMO: RELATIONSHIP BETWEEN COLOUR A 

p-Nitrobenzaldehyde-3 : 4 : 5-trichlorophenylhydrazone. Ver. nee 
milion-red, slender prisms. M. p. 305—308°. Found: Cl = 30.9, § bro’ 
Deep clear cobalt-blue. Unaltered. p 


o-Nitrobenzaldehyde-2 : 4 : 6-tribromophenylhydrazone. _— Long, § 22" 
slender, pure yellow prisms. M. p. 169-5°. Found: Br = 50.1,§ Div 
Calc. 50-2. Bluish-green. Deeper green. 0: 

m-Nitrobenzaldehyde-2 : 4 : 6-tribromophenylhydrazone. Bright Red 
yellow, irregular plates. M. p. 171°. Found: Br = 50-3. Pale Br: 
brown. Dark brown. . 

p-Nitrobenzaldehyde-2 : 4 : 6-tribromophenylhydrazone. Bright § Bri 
yellow, hair-like needles. M. p. 200°. Found: Br = 49-8. Intense ro 
cobalt-blue. Unaltered. Pp 
o-Nitrobenzaldehyde-2 : 4 : 5-tribromophenylhydrazone. Pale @ Bri 
orange, long needles. M. p. 220—221°. Found: Br = 50:6. Dark@ Int 
olive-green. Unaltered. 0 
m-Nitrobenzaldehyde-2 : 4 : 5-tribromophenylhydrazone. Bright § 
orange-yellow plates. M. p. 251—252°. Found: Br = 50-4,§ = 
Brown. Dark brown. n 
p-Nitrobenzaldehyde-2 : 4 : 5-tribromophenylhydrazone. Deep § ted 
orange, slender needles. M. p. 261°. Found: Br = 50-0. In-§ yell 
tense cobalt-blue. Unaltered. I 

o-Nitrobenzaldehyde-2-chloro-4-methylphenylhydrazone. Bright § 4@" 
crimson, rhombic plates. M. p. 160°. Found: Cl = 12-0. Cale, § Sr 
= 12-2. Dark olive-green. Dark emerald-green. ; * 

m-Nitrobenzaldehyde-2-chloro-4-methylphenylhydrazone. Bright aln: 
orange, flattened prisms. M. p. 174—175°. Found: Cl = 119. Cal 
Slight brown. Unaltered. bro 

p-Nitrobenzaldehyde-2-chloro-4-methylphenylhydrazone. Vivid blu 
scarlet prisms. M. p. 140°. Found: Cl= 12-1. Deep bluish- . 
green. More blue in shade. = 
o-Nitrobenzaldehyde-4-chloro-2-methylphenylhydrazone. Bright bre 
crimson, slender prisms. M. p. 184—185°. Found: Cl = 122. ind 
Brownish-green. Dark olive-green. J 
m-Nitrobenzaldehyde-4-chloro-2-methylphenylhydrazone. Long, 
orange-yellow plates. M. p. 235—236°. Found: Cl = 12-2. Pale dec 
brown. Unaltered. 
p-Nitrobenzaldehyde-4-chloro-2-methylphenylhydrazone. Long, 
slender, crimson prisms. M. p. 224°. Found: Cl = 11-9. Clear 
green. Bluish-green. 
o-Nitrobenzaldeh yde-4-iodo-2-methylphenylhydrazone. Labilef 
form dark garnet-red needles. Stable form bright crimson, rhombic 
prisms. M. p. 179°. Found: I = 33-4. Calc. 33-3. Faint green. f 1 
Clear dark green. 
m-Nitrobenzaldehyde-4-iodo-2-methylphenylhydrazone. Orange 
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needles. M. p. 187-5°. Found: I = 33-3. Unaltered. Slightly 
brown. 

p-Nitrobenzaldehyde - 4 - iodo - 2- methylphenylhydrazone. Deep 
garnet-red, irregular plates. M. p. 195°. Found: I = 33-2. 
Olive-green. Bright green. 

o-Nitrobenzaldehyde - 2 : 6- dibromo - 4 - methylphenylhydrazone. 
Reddish-orange, irregular plates. M. p. 136—137°. Found: 
Br = 38-7. Calc. 38-7. Deep clear green. Darkens. 

m-Nitrobenzaldehyde - 2 : 6 - dibromo - 4- methylphenylhydrazone. 
Bright yellow plates. M. p. 141-5°. Found: Br = 38-5. Pale 
brown. Darker brown. 

p-Nitrobenzaldehyde - 2 : 6- dibromo - 4 - methylphenylhydrazone. 
Bright orange, hair-like needles. M. p. 186°. Found: Br = 38-7. 
Intense cobalt-blue. Unaltered. 

o-Nitrobenzaldehyde-2 : 4 : 5-trimethylphenylhydrazone. Dark 
crimson, twinned rhombic prisms. M. p. 141-5°. Found: 
N= 14-8. Calc. 14:8. Dark brown. Olive-green. 

m-Nitrobenzaldehyde-2 : 4 : 5-trimethylphenylhydrazone. Thin, 
reddish-brown plates. M.p.171°. Found: N= 14-6. Brownish- 
yellow. Unaltered. 

p-Nitrobenzaldehyde-2 : 4 : 5-trimethylphenylhydrazone. Dark 
garnet-red, slender prisms. M. p. 179°. Found: N = 14-6. 
Greenish-brown. Dark green, almost black. 

o-Nitrobenzaldehyde-4-hydroxyphenylhydrazone. Dark purple, 
almost black, slender prisms. M. p. 192—193°. Found: N = 16-1. 
Cale. 16-3. Deep indigo-blue, changing in a few seconds to pale 
brown and then in a few minutes to a purple shade which becomes 
bluer on heating. 

m-Nitrobenzaldehyde-4-hydroxyphenylhydrazone. Small, dark 
crimson prisms. M. p. 174—175°. Found: N= 16-2. Dark 
brown. On standing or more rapidly on heating, becomes deep 
indigo-blue. 

p-Nitrobenzaldehyde-4-hydroxyphenylhydrazone. Dark purple, 
almost black prisms. M. p. 212°. Found: N = 16-0. Brilliant 
deep violet, which soon fades to a dirty brown and then changes 
to a pale indigo-blue, which soon darkens, especially on heating, 
to a deep clear blue which is unaltered on dilution. 

In the three preceding cases, profound decomposition occurs 
on heating, and the original colours are not restored on cooling 
or dilution. 

o-Nitrobenzaldehyde-2-methoxyphenylhydrazone. Thin, glisten- 
ing, crimson plates. M. p. 133°. Found: N = 15:3. Cale. 15-5. 
Brown. Brownish-olive-green. 

m-Nitrobenzaldehyde-2-methoxyphenylhydrazone. Labile form 
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reddish-orange, slender prisms. Stable form dark orange-red, stout 
prisms. M. p. 166-5°. Found: N= 15-3. Very pale brown. 
Unaltered. 
p-Nitrobenzaldehyde-2-methoxyphenylhydrazone. Deep crimson, 
slender prisms. M. p. 161-5°. Found: N= 15-4. Greenish-brown. 
Olive-green. 
o-Nitrobenzaldehyde-3-methoxyphenylhydrazone. Slender, gar. 
net-red prisms. M. p.150°. Found: N=15-5. Brown. Olive-green. 
m-Nitrobenzaldehyde-3-methoxyphenylhydrazone. Labile form 
deep yellow, slender prisms. Stable form short, stout, deep orange, 
rhombic plates. M. p. 127°. Found: N=15-4. Brown. Dark 
brown. 
p-Nitrobenzaldehyde-3-methoxyphenylhydrazone. Slender, bright 
scarlet prisms. M. p. 155°. Found: N = 15-6. Clear green, 
Unaltered. 
o-Nitrobenzaldehyde-4-methoxyphenylhydrazone. Long, slender, 
brownish-red prisms. M. p. 183—184°. Found: N = 15-2. 
Greenish-brown. Dark olive-green. 
m-Nitrobenzaldehyde-4-methoxyphenylhydrazone. Bright orange, 
rhombic plates. M. p. 130-5°. Found: N = 15-4. Brownish- 
orange. Clear dark brown. 
p-Nitrobenzaldehyde-4-methoxyphenylhydrazone Dark crimson, 
six-sided, rhombic plates. M. p. 182°. Found: N = 15-4. Dark 
olive-green. Indigo-blue. 
o-Nitrobenzaldehyde-2-carboxyphenylhydrazone. Orange-red 
plates. M. p. 242—243°. Found: N=14-8. Cale. 14-7. With 
20 per cent. alcoholic potash, reddish-brown, unaltered; but with 
much stronger alcoholic potash, reddish-brown. Olive-green. 
m-Nitrobenzaldehyde-2-carboxyphenylhydrazone. Pale yellow, 
slender prisms. M. p. 267°. Found: N = 14-9. Unaltered, even 
on heating. 
p-Nitrobenzaldehyde-2-carboxyphenylhydrazone. Long, slender, 
reddish-orange prisms. M. p. 283—285°. Found: N = 1458. 
Olive-green. Clear green. 
o-Nitrobenzaldehyde-3-carboxyphenylhydrazone. Labile form 
small, brownish-crimson needles. Stable form short, compact, 
bright crimson prisms. M. p. 260° with decomposition. Found: 
N = 14:7. Greenish-brown. Dark olive-green. 
m-Nitrobenzaldehyde-3-carboxyphenylhydrazone. Small, deep 
orange needles. M. p. 252°. Found: N= 14-5.  Brownish- 
orange. Deepens in shade. 
p-Nitrobenzaldehyde-3-carboxyphenylhydrazone. Bright orange- 
yellow, six-sided plates. M. p. 272° with decomposition. Found: 
N = 14-8. Clear green. Blue. 
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o-Nitrobenzaldehyde-4-carboxyphenylhydrazone. Small, reddish- 
orange prisms. M. p. 276° with decomposition. Found: N = 14:5. 
Deep olive-green. Unaltered. 

m-Nitrobenzaldehyde-4-carboxyphenylhydrazone. Small, bright 
orange plates. M. p. 278°. Found: N= 14-9. Pale brown. 
Deep brown. 

p-Nitrobenzaldehyde-4-carboxyphenylhydrazone. Compact, dull 
scarlet prisms. M. p. 285°. Found: N= 14-7. Deep clear green. 
Blue. 

o-Nitrobenzaldehyde-p-diphenylylhydrazone. Aitts R. Accad. 
Lincet, 1911, [v], 20, ii, 579. Dark reddish-brown prisms. Dark 
greenish-brown. Dark olive-green. 

m-Nitrobenzaldehyde-p-diphenylylhydrazone. Atti R. Accad. 
Lincei, 1911, [v], 20, ii, 579. Labile form red, irregular nodules. 
Stable form pale yellow plates. Pale brown. Dark brown. 

p-Nitrobenzaldehyde-p-diphenylylhydrazone. Atte R. Accad. 
Lincei, 1911, [v], 20, ii, 579. Orange-red, irregular plates. Clear 
green. Bright cobalt-blue. 

o-Nitrobenzaldehyde-«-naphthylhydrazone. Small, elongated, 
deep crimson plates. M. p. 148°. Found: N = 14:3. Cale. 14-4, 
Greenish-brown. Dark olive-green. 

m-Nitrobenzaldehyde-«-naphthylhydrazone. Six-sided, dark 
reddish-orange plates. M. p. 197°. Found: N= 14-5. Pale 
brown. Unaltered. 

p-Nitrobenzaldehyde-«-naphthylhydrazone. Small, dark crim- 
son plates. M. p. 205°. Found: N= 14-2. Dark greenish- 
blue. Clear cobalt-blue. 

o-Nitrobenzaldehyde-8-naphthylhydrazone. Dark red, slender 
prisms. M. p. 208°. Found: N= 14-1. Greenish-brown. Dark 
olive-green. 

m-Nitrobenzaldehyde-8-naphthylhydrazone. Thin, pale yellow 
plates. M. p. 202°. Found: N = 14-4. Brownish-yellow. Pale 
brown. 

p-Nitrobenzaldehyde-8-naphthylhydrazone. Deep orange, six- 
sided plates. M. p. 232°. Found: N= 14-3. Greenish-blue. 
Deep cobalt-blue. 

The nitrobenzaldehydehydrazones derived from _ secondary 
hydrazines are prepared similarly to those derived from the primary 
hydrazines and resemble them closely in appearance and general 
behaviour. Their alcoholic solutions, however, are not altered 
in colour when a saturated alcoholic solution of potassium hydroxide 
is added to them, whether the second radical of the hydrazine 
residue is of a positive character such as methyl or benzyl or of a 


negative character such as phenyl. 
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o-Nitrobenzaldehydephenylmethylhydrazone. Atti R. Accad, 
Lineei, 1911, [v], 20, ii, 579. Brilliant scarlet, slender prisms. Un. 
altered, even on heating. 

m-Nitrobenzaldehydephenylmethylhydrazone. Atti R. Accad. 
LTincet, 1911, [v], 20, ii, 579. Bright scarlet, flattened prisms, 
Unaltered even on heating. 

p-Nitrobenzaldehydephenylmethylhydrazone. Atti R. Accad, 
Lincei, 1911, [v], 20, ii, 579. Deep orange, flattened prisms, 
Unaltered even on heating. 

o-Nitrobenzaldehydediphenylhydrazone. Atti R. Accad. Lincei, 
1911, [v], 20, ii, 579. Orange-scarlet prisms. Unaltered even on 
heating. 

m-Nitrobenzaldehydediphenylhydrazone. Atti R. Accad. Lincei, 
1911, [v], 20, ii, 579. Short, compact, pale yellow prisms. Un. 
altered even on heating. 

p-Nitrobenzaldehydediphenylhydrazone. Atti R. Accad. Lincei, 
1911, [v], 20, ii, 579. Reddish-orange, irregular plates. Unaltered 
even on heating. 

o-Nitrobenzaldehydebenzylphenylhydrazone. Aiti R. Accad. 
LTincei, 1913, [v], 22, ii, 76. Bright orange, flattened prisms. 
Unaltered even on heating. 

m-Nitrobenzaldehydebenzylphenylhydrazone. Atti R. Accad. 
Lincei, 1913, [v], 22, ii, 76. Bright yellow, flattened prisms. Un- 
altered even on heating. 

p-Nitrobenzaldehydebenzylphenylhydrazone. Atti R. Accad. 
Lincei, 1913, [v], 22, ii, 76. Slender, yellow prisms. Unaltered 
even on heating. . 

To decide whether the presence of two groups or only the absence 
of hydrogen attached to nitrogen in the hydrazine residue was the 
cause of the indifference to alcoholic potash of the nitrobenzaldehyde 
secondary hydrazones, the three nitrobenzaldehydecarbazyl- 
hydrazones have been prepared. It is interesting to note that none 
gives a colour with alcoholic potash and that the three isomerides 
are alike yellow in colour. The latter fact lends further support 
to the suggestion that red colour is due to a species of salt formation, 
the carbazyl radicle being only slightly negative in character. 

o-Nitrobenzaldehydecarbazylhydrazone. Dull orange, elongated 
plates. M. p. 149°. Found: N= 13-5. Calc. 13-3. Unaltered 
even on heating. 

m-Nitrobenzaldehydecarbazylhydrazone. Long, pale yellow hairs. 
M. p. 195°. Found: N = 13-5. Unaltered even on heating. 

p-Nitrobenzaldehydecarbazylhydrazone. Long, slender, yellow 
prisms. M. p. 220°. Found: N= 13-6. Unaltered even on 
heating, 


ice 


_ 34-2. Yellow. Orange. 
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To determine whether the presence of a nitro-group either in 
the aldehyde or hydrazine residue is an essential condition for the 
appearance of marked colour in the crystals or in their alcoholic 
solutions in the presence of alcoholic potash, a number of hydrazones 
containing various other substituents in both residues have been 
prepared. It may be mentioned in support of the suggestion of the 
addition of potassium ethoxide to explain the brown colour produced 
with m-nitrobenzaldehydehydrazones, that a number of hydrazones 
not containing the nitro-group, although not showing any vivid 
green, blue, or violet colour on the addition of alcoholic potash, 
resemble the m-nitro-compounds in giving yellowish-orange solu- 
tions which deepen in shade on heating and again revert to the paler 
shade on cooling. 

o-Chlorobenzaldehyde-o-chlorophenylhydrazone. Slender, colour- 
less prisms. M. p. 121°. Found: Cl = 26-4. Calc. 26-8. Slight 
yellow. Bright yellow. 

o-Chlorobenzaldehyde-o-bromophenylhydrazone. Slender, colour- 
less prisms. M. p. 125°. Found: Cl= 11-2. Cale. 11-4. Clear 
yellow. Orange. 

o-Chlorobenzaldehyde-2 : 4-dichlorophenylhydrazone. Colourless, 
hair-like needles. M. p. 173°. Found: Cl = 35-7. Cale. 35-5. 
Clear yellow. Orange. 

2: 4-Dichlorobenzaldehyde-2 : 4-dichlorophenylhydrazone. Colour- 
less, slender needles. M. p. 172°. Found: N= 8-6. Cale. 
8:4. Deep yellow. Orange. 

2 : 5-Dichlorobenzaldehyde-2 : 4-dichlorophenylhydrazone. Colour- 
less, minute needles. M. p. 150°. Found: N=86. Pale 
yellow. Orange. 

2 : 6-Dichlorobenzaldehyde-2 : 4-dichlorophenylhydrazone. Colour- 
less, long, slender prisms. M. p. 174°. Found: N = 8-5. Bright 
yellow. Orange. 

o-Chlorobenzaldehyde-2 : 4 : 6-tribromophenylhydrazone. Colour- 
less, slender prisms. M. p. 150:5°. Found: Br = 51-4. Calc. 
51-1. Clear yellow. Orange. 

o-Chlorobenzaldehyde-4-chloro-2-methylphenylhydrazone. Very 
pale yellow needles. M. p. 150°. Found: N=9-9. Calc. 10-0. 
Orange-yellow. Deep orange. 

o-Chlorobenzaldehyde-2-chloro-4-methylphenylhydrazone. Very 
pale yellow needles. M. p. 123-5°. Found: Cl = 25-4. Cale. 
25:4. Deep yellow. Pale orange. 

o-Chlorobenzaldehyde-4-iodo-2-methylphenylhydrazone. Very 
pale yellow, flat plates. M. p. 137°. Found: I = 34-3. Cale. 


o-Chlorobenzaldehyde-4-nitrophenylhydrazone. Bright orange 
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plates. M. p. 249°. Found: N=15-0. Calc. 15-2. Intense 
violet. Unaltered. 

2 : 5-Dichloro-6-nitrobenzaldehydephenylhydrazone. Deep orange 
prisms. M. p. 153°. Found: N= 13-4. Calc. 13-6. Clear deep 
brown, unaltered on rapidly boiling, but on boiling for a few seconds 
the colour almost disappears. No trace of a green colour is obtained. 

2 : 4-Dichloro-5-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. 
Bright yellow, slender prisms. M. p. 237°. Found: N = 11-2. 
Cale. 11-1. Reddish-brown. Deepens. 

2 : 5-Dichloro-6-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. 
Bright yellow, hair-like prisms. M. p. 211°. Found: N = 11-1. 
Dark reddish-brown, colourless. No trace of green. 

2 : 6-Dichloro-3-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. 
Bright yellow, slender prisms. M. p. 170°. Found: N = 11-1. 
Reddish-brown. Deeper brown. 

2:5: 6-Trichloro -3 -nitrobenzaldehyde-2 : 4-dichlorophenylhydr- 
azone. Pure yellow, hair-like needles. M. p. 233°. Found: N = 
10-0. Cale. 10-0. Reddish-brown. Colour deepens and _ then 
disappears. 

2: 4- Dichloro -5 - aminobenzaldehyde - 2 : 4-dichlorophenylhydr- 
azone. Slender, colourless prisms. M.p. 190°. Found: N = 12-1. 
Cale. 12-0. Bright yellow. Deep orange. 

A number of hydrazones derived from ketones, and others with 
nitro-groups both in the aldehyde and hydrazine residues, have been 
prepared to ascertain the effect of these groups on the colour of 
the crystals and on the colour produced by alccholic potash. 

Acetone-p-nitrophenylhydrazone. Ber., 1893, 26, 1306, etc. Deep 
brownish-orange plates. Deep bright red. Unaltered. 

Benzaldehyde-o-nitrophenylhydrazone. Ber., 1889, 22, 2803. 
Thin, bright scarlet plates. Slightly violet-blue. Unaltered. 

Benzaldehyde-m-nitrophenylhydrazone. Ber., 1889, 22, 2813. 
Brick-red plates. Dark brown. Unaltered. 

Benzaldehyde-p-nitrophenylhydrazone. Ber., 1899, 32, 1813. 
Brick-red plates. Intense magenta-violet. Unaltered. 

Acetophenone-o-nitrophenylhydrazone. R. 1905, 24,37. Bright 
scarlet prisms. Dark greenish-brown. Dull violet. 

Acetophenone-m-nitrophenylhydrazone. Ber., 1889, 22, 2814. 
Dull, brick-red hairs. Clear brown. Dark brown. 

Acetophenone-p-nitrophenylhydrazone. Ber., 1899, 32, 1814. 
Brick-red, flat prisms. Deep magenta. Unaltered. 

Benzophenone-o-nitrophenylhydrazone. R. 1905, 24,37. Bright 
scarlet prisms. Dark greenish-brown. Dark blackish-purple. 
Benzophenone-m-nitrophenylhydrazone. R. 1905, 24, 36. Deep 
orange, slender prisms. Slight brown. Deepens somewhat. 
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Benzophenone-p-nitrophenylhydrazone. Ber., 1899, 32, 1814. 
Deep yellow, slender prisms. Deep reddish-violet. Unaltered. 

o-Nitrobenzaldehyde-o-nitrophenylhydrazone. R. 1905, 24, 37. 
Bright orange needles. Bright indigo-blue. Unaltered. 

o-Nitrobenzaldehyde-m-nitrophenylhydrazone. Bull. Soc. chim., 
1899, [iii], 21, 594. Dark claret aggregates. Dark green. Bright 

reen. 
; o-Nitrobenzaldehyde-p-nitrophenylhydrazone. R. 1903, 22, 439. 
Bright crimson prisms. Clear bluish-violet. Unaltered. 

m-Nitrobenzaldehyde-o-nitrophenylhydrazone. R. 1905, 24, 37. 
Scarlet prisms. Deep bluish-violet. Unaltered at first, but changes 
to wine red on standing. 

m-Nitrobenzaldehyde-m-nitrophenylhydrazone. Bull. Soc. chim., 
1899, [iii], 21, 594. Orange-yellow aggregates. Deep clear brown. 
Unaltered. 

m-Nitrobenzaldehyde-p-nitrophenylhydrazone. Ber., 1899, 32, 
1813. Bright orange needles. Intense violet. Unaltered. 

p-Nitrobenzaldehyde-o-nitrophenylhydrazone. R. 1905, 24, 37. 
Bright scarlet needles. Greenish-blue. Indigo-blue and finally a 
wine-red on standing. 

p-Nitrobenzaldehyde-m-nitrophenylhydrazone. Bull. Soc. chim., 
1899, [iii], 21, 595. Dark brick-red aggregates. Deep cobalt-blue. 
Unaltered. 

p-Nitrobenzaldehyde-p-nitrophenylhydrazone. Ber., 1899, 32, 
1813. Scarlet plates. Clear intense cobalt-blue. Unaltered. 

2 : 4-Dinitrobenzaldehydephenylhydrazone. Ber., 1902, 35, 1230. 
Dark crimson needles. Intense cobalt-blue. Unaltered. 

2 : 4-Dinitrobenzaldehyde-4-nitrophenylhydrazone. Ber., 1902, 
35, 1230. Crimson prisms. Deep greenish-blue. Olive-green and 
then dirty black. 

2 : 4-Dinitrobenzaldehyde-2 : 4-dinitrophenylhydrazone. _ Bright 
yellow, rhombic plates. M. p. 258°. Found: N = 22-2. Cale. 
22-3. Deep cobalt-blue. Unaltered. 

2:4: 6- Trinitrobenzaldehyde-2 : 4 - dinitrophenylhydrazone. 
Slender, orange needles. M. p. 208°. Found: N = 23-1. Cale. 
33:3. Brilliant blue, becoming almost at once dirty brownish-red 
and on boiling almost colourless. 

o-Nitrobenzaldehyde-p-sulphophenylhydrazone. Deep crimson, 
slender prisms. Deep green. Unaltered. 

2 : 4-Dinitrobenzaldehyde-p-sulphophenylhydrazone. Ber., 1902, 
35, 2705, 2711. Deep brilliant crimson prisms. Brilliant cobalt- 
blue. Unaltered. 

p-Aminomethylaniline, like the hydrazines, reacts readily with 
the nitrobenzaldehydes with the elimination of water, giving well- 
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crystallised, highly coloured compounds. Their alcoholic solutions 
do not give vivid colours with alcoholic potash, as although there 
is the possibility of quinonoid structure being formed there is no 
imino-hydrogen atom which can wander to the aldehydic methine 
carbon atom. 

o-Nitrobenzylidene-4-methylaminoaniline. Reddish-orange, flat 
prisms. M. p. 118°. Found: N= 16-2. Cale. 16-4. Unaltered 
even on boiling. 

m-Nitrobenzylidene-4-methylaminoaniline. Bright yellow, hair- 
like needles. M. p. 182°. Found: N= 16-3. Unaltered even on 
boiling. 

p-Nitrobenzylidene-4-methylaminoaniline. Six-sided, deep purple 
plates. M. p. 203°. Found: N = 16-6. Unaltered even on boiling. 
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CCCLXIII.—A Quantitative Investigation of the Photo- 
chemical Interaction of Chlorine and Hydrogen. 


By Muriet CATHERINE CANNING CHAPMAN. 


IN a communication to this journal by Chapman and Whiston 
(T., 1919, 1415, 1264) on the influence of mass on the interaction 
of hydrogen and chlorine the authors indicated that there was 
a discrepancy between their results and those previously published 
by Bodenstein and Dux (Z. physikal. Chem., 1913, 85, 297). The 
latter investigators found that the reaction between equimolecular 
proportions of hydrogen and chlorine was of the second order. Asa 
consequence, the rate of formation of hydrogen chloride should be 
given by the formula 
aq(HCl)/dt = KCl, J\[HoJ"™. . . «. ~~ (A) 

in which n + m = 2. 

Chapman and Whiston, however, observed that the value of 
m + n in the above equation was nearly equal to unity. 

Moreover, experiments by Bodenstein and Dux with mixtures 
containing unequal volumes of chlorine and hydrogen indicated 
that m = 0 and n = 2 when the concentration of the hydrogen 
exceeded one-fourth of that of the chlorine. This implies that the 
hydrogen has no inhibitive effect, in contradiction to the results 
obtained by Chapman and Underhill (T., 1913, 103, 496), and 
confirmed in some unpublished work by O. P. Jones. 

Therefore, in two particulars the results of the work done in this 
laboratory are in disagreement with those of Bodenstein and -Dux. 
The first section of this experimental research is chiefly an 
examination of these discrepancies. 
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I have repeated under more favourable conditions the experi- 
ments of Chapman and Whiston, first using, as they did, white 
light as an illuminant and later repeating the experiments with 
light which had traversed 18 cm. of chlorine at atmospheric pressure. * 
The results I have obtained are in substantial agreement with 
theirs. My experiments indicated that working with electrolytic 
gas to which a small proportion of oxygen had been added between 
the pressures of half an atmosphere and one atmosphere, the rate 
of chemical change was given roughly by the formula (A), m + ” 
being in the mean equal to 1-15 and the constant, k, being, of 
course, inversely proportional to the concentration of the oxygen 
and dependent on the intensity of the light. 

An attempt was next made to obtain information concerning 
the values of m and n. As already stated, Bodenstein and Dux 
affirm that m is zero for mixtures of chlorine and hydrogen at 
moderately high concentrations. On the other hand, Chapman 
and Underhill assert that m is actually negative, or, in other words, 
that hydrogen acts inhibitively. 

There are two methods of deciding which of these views is the 
correct one. In the first place, m can be determined and m deduced 
from the equation 

m+n = 1-15. 

In the second place, m can be directly determined by a method 
described below which demonstrates at the same time that any 
observed inhibitive effect of the hydrogen cannot be due to 
inhibitors introduced into the actinometer with the hydrogen. 

The mean of several direct determinations of furnished the 
result n = 1-6, and therefore m must be negative if the relation 
expressed by the above equation is correct. 

The method adopted for directly determining m can be best 
explained by taking as an example one of the experiments per- 
formed. The results of the experiment are tabulated below : 


Pressure in em. of mercury of 


Chlorine. Hydrogen. Oxy gen. Sensitiveness. t 
(1) 17-2 34:8 0-5 52 
(2) 34-1 34-4 ” 166 
(3) 17-5 17-8 o 71 
(4) 17-3 35-6 mt 51 


+ Relative rates of formation of hydrogen chloride induced by the same 
intensity of illumination. 


* In all subsequent experiments the actinometer was illuminated by light 
which had been filtered through a sufficient depth of chlorine to remove most 
of the rays for which chlorine possesses a high coefficient of absorption. 

+ According to Baly and Barker (T., 1921, 119, 653), k must not be 


assumed to be proportional to the intensity of the light. 
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The mixture (2) was obtained by adding chlorine to the mixture 
(1). The mixture (3) was obtained from the mixture (2) by expos. 
ing the latter to light until the pressures had fallen by the amounts 
recorded. The mixture (4) was obtained from the mixture (3) 
by the addition of hydrogen. 

Now by comparing row (8) with row (4), it will be seen that 
the result of doubling the concentration of the hydrogen is a 
reduction in sensitiveness of 20 units, and this reduction cannot 
be due to any inhibitor contained in the hydrogen, since the 
mixture (1) has approximately the same composition and the 
same sensitiveness as the mixture (4). 

The values of » and m calculated from the numbers given in 
rows (2), (3), and (4) are, respectively, 1-720 and — 0-452, whence 


m+n = 1-268: 


whereas from the measurements of the sensitiveness of electrolytic 
gas at different pressures it was estimated that 


m+n=1-15. 
But as the equation (A) can only hold between limited ranges of 


pressure, an exact correspondence between the two values of 


m -+ n cannot be expected. 
The rest of my work is an attempt to express the rate of reaction 
by a formula which is true for all concentrations of the hydrogen, 


chlorine, and oxygen. 

With this in view, the rate of photochemical change was measured 
when the actinometer contained (a) very little hydrogen, a variable 
but large amount of chlorine, and a constant amount of oxygen, 
(5) very little chlorine, a variable but large amount of hydrogen, 


and a constant amount of oxygen. 
In case (a), the rate of formation of hydrochloric acid could be 


represented approximately by the equation 

a{HClj/dt =k, f[H,J[Cl]. . . .. . Gi) 
and in case (b) approximately by the equation 

a{(HClj/dti = k[ClP/H tt. . . . . (ii) 


in which z is a fraction less than 3. 
Now it will be seen that the equation 


q{HCl] _ __&,{ HCl? i—- + «- ae 
“POP + [Ch] 


reduces to (i) when [H,] is made very small, and to (ii) when [Cl] 
is made very small. 


PHOTOCHEMICAL INTERACTION OF CHLORINE AND HYDROGEN. 3065 


Moreover, if the concentration of the chlorine is kept constant, 
the value of d[HCl]/dt reaches a maximum value at a definite 
value of [H,]. 

Adopting the formula (iii) provisionally as giving the rate of 
frmation of hydrogen chloride when the concentration of the 


that Bf oxygen was constant, I next endeavoured to discover how the 
is a Mconstants contained in it depended on the concentration of the 
innot fi oxsygen. A clue to a means of obtaining information on this point 


qickly was furnished by an accidental observation made while 
enducting the previous experiments. In the determinations of 
the degrees of sensitiveness of mixtures which contained small 
proportions of hydrogen, it was noticed that the values for two 
nixtures which contained different quantities of oxygen, but the 
same quantities of chlorine and hydrogen, in unit volume, were 
not inversely proportional to the respective concentrations of the 
oxygen. The observed difference in the degrees of sensitiveness 
was much less than the calculated difference. 

A further examination of this unexpected result led to the dis- 
covery that, as the proportion of hydrogen is reduced, the rate of 
photochemical combination tends to become independent of the 
concentration of the oxygen, whereas whenever the concentration 
of the hydrogen is moderately large, the sensitiveness is almost 
inversely proportional to the concentration of the oxygen. These 
and the other experimental results can be represented by a formula 
derived from (iii) by the substitution of 4,[0,] for k,/k,, that is, 
by the formula 


a{HCl] _ k,[{H,][Cl,? (iv) 
dt ~ kefH,}**[0,] +- [Cla] ) 


The most important results of this investigation are those which 
demonstrate that oxygen is not an inhibitor unless appreciable 
quantities of hydrogen are present in the mixture, a fact which 
makes it probable that the forms of energy which cause the union 
of the chlorine and the hydrogen are removed from the system, 
or degraded, by the joint agency of the hydrogen and oxygen 
molecules. 


ExPERIMENTAL. 


It is essential that the apparatus and materials used in the 
experiments should be almost entirely free from inhibitive impurities. 
Unless the utmost care is taken to ensure that this is the case, the 
results are untrustworthy. 

In the experiments to be described the pure water used in the 
actinometer was obtained in the foilowing manner: ordinary 
distilled water in which chlorine had been dissolved was redistilled 
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from a glass retort and then boiled for several hours in a flask on 
to which a reflux condenser had been fused. It was then syphoned 
out into a glass vessel which was only open to the air through two 
narrow tubes, one of which was graduated in c.c. By means of 
this apparatus a measured quantity of purified water which had 
only been in contact with a small volume of enclosed air could be 
introduced into the actinometer. 

Water prepared as above was almost free from inhibitors and 
these could generally be completely removed in the following 
manner. ' 

The insolation vessel, after the desired quantity of water had 
been introduced, was filled with sensitive electrolytic gas. It was 
illuminated for two minutes and then shaken until the index 
remained stationary. This was repeated until the amount of hydro. 
chloric acid formed during the two minutes’ illumination was 
constant, and, in order to be quite certain that all the inhibitors 
had thus been removed from the solution, another reading was 
taken after the insolation vessel had been kept in the dark for 
twelve hours. A fall in the degree of sensitiveness after this period 
was seldom observed. It may be remarked that even in the freshly 
filled insolation vessel combination started instantly on exposure 
to light. 

In the experiments to be described, whenever possible, each 
important measurement was made twice over in order to test for 
destructible inhibitive impurities, the presence of which would 
have been indicated by the second measure of the sensitiveness 
being greater than the first.* This test is the only trustworthy 
method of detecting a small “induction period,” for since in a 
Bunsen and Roscoe actinometer the formation of hydrochloric 
acid reduces, for the time, the pressure of the water vapour in the 
actinometer, the apparent rate of combination is at first rapid 
and then falls off gradually, and it is therefore not possible to 
detect a slight increase in sensitiveness during a single observation. 

An expansion when the mixture is first exposed to light does 
not prove the absence of any “ induction period”; it only shows 
that combination commences immediately, that is, that the 
“induction period ” is not pronounced. 

The experiments of which the results are given below, under 
series 1, were conducted in a similar manner to those of Chapman 
and Whiston, and the apparatus used did not differ essentially 
from theirs. 


* In the few exceptional cases in which the above test for purity was not 
satisfactory, mention will be made of the fact in recording the results of the 
experiments. 
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The rate of combination of electrolytic gas to which a little 
oxygen had been added was measured at pressures of one atmosphere 
and of half an atmosphere. 

A source of error in the investigation of Chapman and Whiston 
was the presence of 5 c.c. of water in the insolation vessel, for since 
the concentration of a saturated aqueous solution of chlorine 
increases with the partial pressure of the gas, a small error was 
occasioned by chlorine being withdrawn from solution when the 
pressure was reduced. 

In order to diminish this error in my experiments, only 2 c.c. 
of water were introduced into the insolation vessel. The volume 
of the latter was 120 c.c. and its diameter 2-8 cm. It was fixed 
in a vertical position. Owing to its length, its vertical position, 
and to the amount of liquid contained in it being small, its contents 
could not be rapidly brought into equilibrium by shaking. In 
fact, at each measurement twenty-four hours had to elapse before 
the final reading could be taken. 

The rate of combination was measured by a vertical capillary 
manometer filled with water, as in the subsequent experiments. 
In some of the experiments a light filter was used. This was a 
glass globe, about 18 cm. in diameter, filled with chlorine. The 
same light filter was used in most of the subsequent experiments. 

The results obtained are tabulated below. It will be seen that they 
are in substantial agreement with those of Chapman and Whiston, 
and indicate that, when the correction is made for the change in 
pressure of the oxygen, the order of the reaction approximates 
very much more closely to the first than to the second. 


Series (1). 
(A) Experiments with white light. 


Sensitiveness Sensitiveness 
No. of Percentage at one at half an 


expt. of oxygen. atmosphere. atmosphere. Light used. 
1 1-00 89-5 78-5 Osram lamp. 
2 0-50 177-0 163-0 —— 
3 0-80 172-0 161-0 Tungsten lamp at dis- 
tance of 37 cm. 
4 1-00 163-0 161-0 Tungsten lamp at dis- 


tance of 33 cm. 


(B) Experiments with filtered light. 


Sensitiveness Sensitiveness 
No. of Percentage at one at half an 
expt. of oxygen. atmosphere. atmosphere. 
5 (a) unknown 118 94 
5 (d) 0-50 168 160 


5 (c) 0-25 331 320 
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In these, and in all experiments subsequently described, the 
intensity of illumination was not necessarily the same if the numbers 
assigned to the experiments are different. When, however, care 
was taken to maintain the intensity of the light constant by keep. 
ing the lamp and light filter in exactly the same position during 
a series of experiments, the separate experiments of the series are 
designated by the same numeral] with different index letters. Thus, 
in the experiments 5a, 5b, and 5c, of which the results are recorded 
above, the intensity of illumination was maintained as constant 
as the method of illumination permitted. 

All subsequent experiments were conducted with the form of 
apparatus shown in the figure. The gases could be separately 
introduced into the actinometer and the effect of altering their 
relative concentrations could be investigated. 

The hydrogen and chlorine were generated in the electrolytic 
cell, C, a U-tube filled with pure hydrochloric acid. Iridium 
electrodes were used. The gases passed separately through the 
wash-bottles, H and F,, and entered two wide tubes, a and 6, which 
had been tightly packed with glass wool. By means of a tem- 
porary furnace these tubes were kept at a temperature of 270°. 
Thus the gases were heated for some time before entering the 
actinometer. This was done in order to destroy any nitrogen 
chloride in the gases and to remove any chlorine which might be 
present in the hydrogen.* The tubes were fixed in a sloping posi- 
tion in order that they might be easily cleaned with chromic acid 
in situ. 

The insolation vessel, A, immersed in the thermostat, H, was 
of such a design that its contents could rapidly be brought to 
equilibrium. It was fixed in a horizontal position by the long 
capillary tubes, through which the gases were introduced and 
withdrawn, and contained 6 c.c. of pure water, which was spread 
in a shallow layer over its lower surface. Owing to its mode of 
suspension (which admitted of its being shaken) and to its horizontal 
position, equilibrium could be attained with the desired rapidity. 

Combination was indicated by the movement of the water in 
the tube, K, which was connected through the tap 7, to the 
water reservoir, 2. The reservoir could be connected by the three- 


* The sensitiveness of the gas, which had been heated as described above, 
was measured, and the percentage of oxygen contained in it estimated to 
be about 0-02. It was thus evident that no appreciable amount of oxygen 
was formed by the interaction of chlorine and water vapour in the hot tube. 
By allowing some of the hydrogen which escaped at the tap 7, to pass 
through potassium iodide solution, a rough estimation was made of the 
chlorine which remained in it. The percentage of chlorine was found to 
be about 0-20. 
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ment of the water in K, was accompanied, of course, by a slight 
decrease in volume. In order td make a correction for this, a 
small U-tube, G, containing water was introduced between the 
reservoir and the bottle B. After equilibrium had been attained, 
the tap 7';, was closed and the water index drawn down to its 
original position. The change of pressure at constant volume was 
then measured by the difference in level of the water on each side 
of the tap 7'4o. 

None of the taps or ground glass joints with which the gases 
came into contact before entering the insolation vessel was lubri- 
cated. Taps lubricated with grease and with metaphosphoric acid 
were tried and had to be abandoned; the former because grease 
was liable to be washed into the insolation vessel and render its 
inner surface dirty, and the latter because metaphosphoric acid 
sometimes contains ammonia. 

In order to prevent any leakage of gas through the taps 7’, and 
T’y9 when the pressure in the actinometer was low without resorting 
to the use of lubricants, the procedure described below was adopted. 
The long tube leading from the T-piece, J, was fitted into a rubber 
stopper on to which a glass pipe, P, fitted tightly. The pipe, P, 
was connected by a long tube, L, to the bottle B’. By reducing 
the pressure in B’ to a value a little below that in the actinometer, 
and opening the taps 7’, 7'y9, the water in the insolation vessel 
could be drawn up the capillary tube to any desired position, and 
kept there, after closing the taps, while an experiment was being 
made. 

When the gas from the cell was not entering the actinometer, 
it was allowed to escape through the water in the cylinder, D. 
While the actinometer was being filled care was taken that the 
water in D should be only slightly sucked up the long tubes which 
dipped into it. It was thereby ensured that the pressure in the 
apparatus outside the actinometer never fell below that of the 
atmosphere. The actinometer could be exhausted with the pump 
through the tap 7’';. 

Before introducing any gas into the actinometer, the tubes 
immediately outside the tap 7’, up to the tap 7’, were evacuated 
and filled with the required gas several times in order to be certain 
that air which might have diffused through the tap 7', had been 
removed. 

Small measured quantities of gas were introduced in the following 
way. The three-way tap, 7';,, was turned so that the actinometer 
was connected with the bottle B. Then the reading on the water 
index was taken and gas admitted until the index had fallen a 
previously estimated amount. Then the water in the insolation 
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yessel was drawn back to its previous position—generally to a 
fixed mark just beyond tap 7',—and the final reading taken. This 
gave the partial pressure of the gas introduced (after corrections 
for the changes in volume occasioned by bringing the index liquid 
to the fixed reading on the scale had been made) in cm. of water. 
All readings of pressure on the mercury manometer were taken 
with the water in the insolation vessel drawn up to a fixed position, 
and with the water in K at a fixed reading on the scale. 

In all the experiments recorded, the current of the lighting 
circuit was measured on an ammeter with a wide scale, and was 
kept constant with a variable resistance worked by hand. 

The thermostat was heated by electrolysing N /4-sulphuric acid 
solution in the annular space between two glass tubes. This 
method of heating is very convenient for photochemical experi- 
ments, since no light is produced by it. The temperature of the 
thermostat was kept constant in the usual way by means of an 
electric thermo-regulator. 

Series (2).—Experiments showing the effect of altering the con- 
centration of the chlorine alone in mixtures in which the con- 
centrations both of the chlorine and of the hydrogen were moderately 
great. Filtered light was used. 


Pressure in cm. of mercury of 


No. of Relative degrees 
expt. H,. Cl,. O,. of sensitiveness. 
1 25-0 20-0 unknown 69 
24-6 39-0 or 201 
2 24-7 22-1 0-45 252 
24-2 39-5 o 630 


Series (3).—Experiments showing the effect of altering the con- 
centration of the chlorine alone, and also of altering the concen- 
tration of the hydrogen alone in mixtures in which the concentrations 
both of the chlorine and of the hydrogen were moderately great. 

In the three following experiments the second mixture was 
obtained by adding chlorine to the first, after the sensitiveness 
of the latter had been measured. The third mixture was obtained 
by exposing the second mixture to light until the pressure of the 
chlorine had been reduced to approximately its original value, and 
the fourth mixture was obtained from this by adding hydrogen 
until the pressure of this gas also was at its original valué. 

Since the experiments were conducted in such a way that the 
composition of the final mixture was approximately the same as 
that of the original mixture, and as the degrees of sensitiveness 
of these two mixtures proved to be nearly the same, it is obvious 
that the marked fall in sensitiveness occasioned by the addition of 
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hydrogen was not due to the presence of oxygen (or other impurity) 
in the added gas. In this series of experiments filtered light was 
used. 

Pressure in em. of mercury of 


No. of / Relative degrees 
expt. Hy. Cl,. O,. of sensitiveness. 
1 27-2 20-3 0-6 110 
26:8 40:8 o 344 
7-4 21-4 ie 150 
26-9 21-1 ee 103 
2 27:1 20-4 0-6 118* 
25-5 39-3 o 396 
6-7 20-5 ” 185 
26-4 19-8 * 103 
3 34-8 17-2 0-5 52t 
34-4 34:1 . 166 
17-8 17-5 on 71 
35-6 17-3 m4 51 


* In this experiment, consecutive measurements of the degrees of sensi- 
tiveness were in bad agreement, indicating the presence of destructible 
inhibitive impurities in the insolation vessel of the actinometer. The figures 
in column 4 are therefore not entirely to be relied on. In the experiments 
1 and 3, however, I obtained no indication of the presence of inhibitive 
impurities when the same test was applied. _ 

+ The light was filtered through a greater column of chlorine, its intensity 
being thereby reduced. 


It will be seen from the experimental results included under 
series (2) and series (3) that doubling the concentration of the 
chlorine in mixtures in which the partial pressures of the chlorine 
and the hydrogen lie roughly between } and 3 an atmosphere 
causes the rate of combination to become about 3-2 times as great. 
The experimental results included under series (3) demonstrate, as 
we have already stated, the inhibitive effect of hydrogen. 

Series (4).—Experiments showing the effect of altering the con- 
centration of the chlorine in mixtures containing a small proportion 
of hydrogen. Filtered light was used. 


Ratio of the 


Pressure in em. of mercury of Relative two values 

No. of —————>——— degrees of of the 
expt. H,. Cl,. O,. sensitiveness. sensitiveness. 
1 (a) 9-85 25-32 0-50 36-5 

(b) 9-55 50-35 - 107-0 2-93 
2 (a) 4-90 29-80 0-45 64-0 

(b) 4-54 59-15 ee 162-0 2-47 
3 (a) 2-41 29-90 0-30 64-5 

(b) 2-44 59-80 és 140-0 2-17 
4 (a) 2-11 29-57 0-60 48-0 

(0b) 2-10 54-70 re 99-5 2-07 
5 (a) 0-80 26-27 0-70 26-25 

(b) 0-78 54:47 - 56-5 2-15 
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It will be seen that as the pressure of the hydrogen is reduced 
the sensitiveness of the mixture becomes more nearly proportional 
to the concentration of the chlorine. 

Series (5).—Experiments showing the effect of altering the 
concentration of the hydrogen in mixtures in which the con- 
centration of the hydrogen is small and that of the chlorine 
appreciable. 

The experiments were performed in the following way. The 
insolation vessel containing the given mixture was exposed to 
light for a definite period of time (generally ten minutes), and after 
its contents had been brought to equilibrium in the manner already 
described a reading of the fall in pressure was taken. From this 
reading the constant, k, in the last column of the following tables 
was calculated. The same operation was then performed succes- 
sively until the pressure of the hydrogen had become so small 
that it was no longer practicable to make measurements of the 
amount of combination with a sufficient degree of accuracy to furnish 
trustworthy values of the constant &. After the last measurement 
had been made, the insolation vessel was exposed to an intense 
white light for at least twelve hours in order to remove the whole 
of the hydrogen. The final reading taken after this exposure was 
a check on the accuracy of the figures given for the hydrogen 
contained in the insolation vessel towards the end of the experi- 
ment. 

It is obvious that, owing to the necessarily small magnitude of 
the measurements taken at the end of each experiment, exceptional 
care had to be taken to perform all the operations involved with 
the utmost degree of accuracy. 

In the tables of results which follow, the numbers in the column 
headed x are the observed falls in pressure during the successive 
exposures to light, and the numbers in the column headed ¢ the 
total exposure to light in minutes. The “ constant” & in the last 
column was calculated on the assumption that the reaction pro- 
ceeded according to the differential equation 


a{HCl)/dt = k[H,}[Clg], 
or, more precisely, in accordance with the equation 


1 Q2kh—x c 


oom t(c —h) lo810 2e — x kh’ 


in which c and & are the respective pressures of the chlorine and 
hydrogen at the beginning of an exposure to light, x is the fall 
in pressure during that exposure, and ¢ the time of exposure. 
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Pressure in cm. of mercury of 
expt. Cl,. H,. 
1 (a) 29-90 2-409 
29-64 2-150 
29:39 1-901 
29-16 1-665 
28-95 1-461 
28°57 1-080 
27°82 0-330 
27-74 0-252 
27°64 0-146 
1 (6) 59-80 2-438 
59-50 2-150 
59-25 1-888 
58-99 1-628 
58-76 1-395 
58°37 1-008 
57-54 0-181 
57-49 0-135 
57-43 0-073 
Pressure of oxygen throughout 
2 (a) 29-57 2-108 
29:38 1-923 
28-92 1-463 
28°77 1-312 
28-62 1-163 
28-47 1-015 
28-33 0-873 
28-20 0-742 
27-96 0-505 
27°77 0-318 
27°63 0-182 
27°54 0-094 
27-49 0-048 
2 (b) 54-70 2-479 
54-32 2-097 
53-96 1-736 
53-69 1-469 
53-41 1-190 
53-14 0-922 
52-89 0-673 
52-68 0-463 
52-55 0-333 
52-43 0-212 
52-34 0-119 
Pressure of oxygen throughout 
3 (a) 26-27 * 0-803 
26-06 0-589 
25:89 0-415 
25-81 0-338 
25-68 0-210 
25-63 0-159 
25-56 0-091 
25-52 0-048 
3 (d) 54-47 0-783 
54-25 0-563 
54:07 0-382 
53-92 0-237 
53°82 0-139 
53°77 0-085 
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k X 10’, 


0-166 
0-181 
0-197 
0-195 
0-228 


0-421 
0-428 


0-183 
0-190 
0-218 
0-228 
0-241 


0-444 
0-464 


0-132 


0-164 
0-182 
0-207 
0-231 
0-250 
0-298 
0-361 


xv. t. 
0-518 s 
0-498 a 
0-472 nt 
0-408 4 
0-762 

60 

0-156 - 
0-212 = 
0-576 7 
0-524 - 
0-520 
0-466 = 
0-774 
0-092 ; 
0-124 a 
= 0:30 cm. of mercury. 

‘ 0 
0-370 B. 
0-302 - 
0-298 = 
0-296 4 
0-284 - 
0-262 = 
0-474 - 
0-374 
0-272 90 

’ 110 
0-176 a 
0-092 i 
0-764 z= 
0-722 20 
0-558 = 
0-536 = 
0-498 i 
0-420 . 
0-242 2 
0-186 = 
= 0-60 cm. of mercury. 
0-428 = 
0-348 vo 
0-154 = 
0-256 no 
0-102 ba 
0-136 a 
0-086 vo 
0-440 = 
0-362 = 
0-290 - 
0-196 = 
0-108 = 


Pressure of oxygen throughout = 0-70 cm. of mercury. 
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A comparison of the pressures of the hydrogen with the corre- 
sponding values of & will show that the order of the reaction with 


‘respect to the hydrogen lies between 1 and }. The order appears 


to approach 1 as the pressure of the hydrogen is reduced. It 
certainly falls, as the earlier experiments show, through zero to 
a negative value as the pressure of the hydrogen is increased. 

Series (6).—Experiments showing the effect of varying the 
concentration of (a) the chlorine, (6) the hydrogen in mixtures 
containing a small proportion of chlorine. 

Since the rate of combination of mixtures containing small 
proportions of chlorine is exceedingly small, the actinometer was 
illuminated with white light in order that a measurable rate of 
combination might be obtained. Since the pressure of the chlorine 
was very small, the amount of light absorbed in the actinometer 
must also have been very small and therefore the use of a light 
filter was unnecessary. 


(a). 
Pressure in cm. of mercury of Relative Ratio of the 
No. of —=-————— ———_—_—— degrees of two values of 
expt. Hydrogen. Chlorine. Oxygen.  sensitiveness. the sensitiveness. 
1 29-75 2-39 unknown 218 
28-50 1-19 *” 65 
corrected value 
58 3°93 
2 60-04 1-68 0-13 13-0 
59-94 3-44 0-13 58-0 4-4] 


The above experiments demonstrate that for mixtures containing 
small proportions of chlorine the rate of combination is proportional 
to the square of the pressure of the chlorine. In expt. 1, the rate 
of combination was measured in a mixture containing no added 
oxygen. Then the hydrogen and chlorine were combined until 
the pressure of the latter had reached half its original value and 
another measurement of the rate was then made. A correction 
was applied for the error due to the solubility of the chlorine. 

In expt. 2, the rate of combination was measured in a mixture 
containing a little added oxygen. The concentration of the chlorine 
was doubled by the addition of chlorine evolved from the electro- 
lytic cell when the hydrochloric acid in it was very concentrated, 
and another measurement of the rate made. 


(b). 
Pressure in cm, of mercury of Relative Ratio of the 
No. of -- degrees of two values of 
expt. Hydrogen. Chlorine. Oxygen.  sensitiveness. the sensitiveness. 
1 28-50 1-193 unknown 65:1 
56°75 0-943 - 31-3 2-08 
2 29-92 2-41 0-096 73-0 
59-70 2°27 0-096 41:1 1-78 


5K2 
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The above experiments demonstrate clearly that hydrogen acts 
inhibitively and that, if an allowance is made for the small amount 
of chlorine contained in the hydrogen, its effect is such that the 
sensitiveness is inversely proportional to a power of its concentration 
which is a little less than one. The determinations of the rates 
of combination were difficult to make with accuracy on account 
of the extreme insensitiveness of the mixture. 


Effect of Oxygen. 


Series (7).—Experiments showing the effect of varying the con- 
centration of the oxygen in mixtures containing a small proportion 
of hydrogen. 


Pressure in cm. of mercury of 


No. of Fall in Time 
expt. Cl,. i... O,. pressure. exposed. k x 10%, 
l(a) 59-88 0-239 0-06 0 " 
59-81 0-165 7 pen 5 woes 
59-77 0-121 a 0-056 10 be 
59-74 0-093 4 "056 15 0-383 
1(b) 59-64 0-203 0-423 : 0 - 
59-59 0-152 ane 5 aan 
59-55 0-110 ve 10 “ 
59-52 0-082 " 0-056 15 0-429 
59-50 0-059 i 0-046 20 0-480 
2 (a 60-20 0-362 very small , 0 Pee 
” 60-09 0-250 Pe Poe 5 _—_ 
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2(b) 59-83 0-442 0-516 0 si 
59-75 0-366 : a 5 om 
59-68 0-294 - ceee 10 ton 
59-62 0-231 - s 15 ? 47 
59°57 0-182 ” 0-098 20 peel 
59-53 0-142 a eons 25 aie 
59-50 0-110 ‘ 30 ‘ 
2(c) 59-39 0-491 1-058 ; 0 
59:33 0-431 s to 5 aus 
59-27 0-372 fe es 10 ao 
59-22 0-317 . pe ht 15 ae 
59-17 0-266 rs them: 20 do 
59-12 0-220 “ ee 25 aa 
59-08 0-180 e 0-068 30 0-308 
59-05 0-146 cane 35 aan 
59-02 0-118 . 40 


If the results of experiments 1(a) and 1(b) of series 5 are com- 
pared with the results of experiments 2(a), 2(b), 3(a), 3(b) of the 
same series, it will be seen that the rate of combination in mixtures 
in which the pressure of the oxygen was 0-30 cm. of mercury was 
less than twice the rate of combination in mixtures of the same 
composition with respect to hydrogen and chlorine in which the 
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pressure of the oxygen was 0-60 cm. and 0-70 cm. of mercury. 
Further, it will be seen that when the pressure of the hydrogen 
had been reduced to a very small value by combination, the rates 
in corresponding mixtures became practically equal, and the 
calculated constants k of nearly the same value. It thus appears 
that the rate of combination is independent of the concentration 
of the oxygen when the pressure of the hydrogen is very small. 
The conclusion is, however, not entirely legitimate, since, as we 
have already stated, no special precautions were taken to keep 
the intensity of illumination quite constant in experiments 
designated by different numbers. 

Therefore, in order to test the conclusion more stringently, the 
rates in mixtures containing no added oxygen were compared with 
those in mixtures containing fairly large quantities of added oxygen. 
The results are recorded on p. 3076. Filtered light was used. 

These experiments demonstrate that, in mixtures containing very 
small proportions of hydrogen and vaziable proportions of oxygen, 
the rate of combination is nearly independent of the concentration 
of the oxygen. 

Series (8).—Experiments showing the effect of varying the con- 
centration of the oxygen (a) in mixtures containing moderate 
proportions of hydrogen and chlorine, (6) in mixtures containing 
small proportions of chlorine. 


Pressure in cm. of mercury of 


No. of Relative degrees 
expt. Cl,. Hy. O,. of sensitiveness. 
1 (a) 35-00 35-00 0-235 120-00 
34-75 34°75 0-470 58-00 
34-60 34-60 2-560 10-70 
1 (b) 2-265 59-70 0-100 18-70 
2-107 59-54 0-192 10-65 


These experiments demonstrate that both in case (a) and case (b) 
the ordinary relation holds, namely, the rate of combination is 
inversely proportional to the concentration of the oxygen. 

Mixtures of Maximum Sensitiveness. 

A rough determination was made of the quantity of hydrogen 
that must be added to a given quantity of chlorine in order to 
produce the maximum degree of sensitiveness. Hydrogen was 
added in small portions to a mixture in which the partial pressure 
of the chlorine was 60 cm. of mercury and that of the oxygen 
0-4 em. of mercury. 

The mixture attained its maximum sensitiveness when the pres- 
sure of the hydrogen was between 11-0 cm. of mercury and 16-0 em. 
of mercury. 
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Conclusions. 


(1) The rate of combination of the hydrogen and chlorine in 
mixtures of electrolytic gas and oxygen is nearly independent of 
the pressure of the gas. 

(2) In mixtures in which the concentrations of the hydrogen and 
the oxygen are kept constant the rate of combination is 


(a) proportional to the first power of the concentration of the 
chlorine when the proportion of hydrogen is small ; 

(6) proportional to a power of the concentration of the chlorine 
between the first and the second when a moderate pro- 
portion of hydrogen is present ; 

(c) proportional to the square of the concentration of the 
chlorine when the proportion of chlorine is small and 
that of the hydrogen large. 


(3) In mixtures in which the concentrations of the chlorine and 
oxygen are kept constant the rate of combination is 


(a) proportional to the concentration of the hydrogen when 
the proportion of hydrogen is small ; 

(6) inversely proportional to a power of the concentration of 
the hydrogen which is rather less than } when the pro- 
portions of hydrogen and chlorine are moderate ; 

(c) inversely proportional to a power of the concentration of 
the hydrogen which is rather less than 1 when the 
proportion of chlorine is small. 


(4) The rate of combination is independent of the concentration 
of the oxygen in mixtures in which the concentration of the hydrogen 
is very small; for all other mixtures, it is inversely proportional to 
the concentration of the oxygen. The results can be summarised 
by the formula 


We are forced to the conclusion that the observed inhibitive effects 
of oxygen and of hydrogen are not—as has been hitherto assumed— 
due to the direct and independent action of these gases, but to 
the joint agency of both. 


In conclusion, I wish to thank my husband for having suggested 
this investigation and for his advice during the course of the 
experiments, which were performed in the chemical laboratory 
of Jesus College, Oxford. 
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NoTE ON THE THEORY OF THE CHANGE. 
(By D. L. CHapman and M. C. C. CHapmany.) 


It has already been stated that the discoveries announced in 
this paper cannot be explained by the unmodified working hypo- 
thesis of one of us and his collaborators. We will now indicate 
briefly what changes in the old hypothesis can, in our opinion, 
render it capable of explaining the facts recently discovered. 

It has hitherto been assumed that when light is absorbed by 
chlorine unstable active chlorine molecules are formed, which by 
collision with oxygen molecules can lose their activating energy. 
Oxygen was, in fact, supposed to play the réle of a deactivating 
catalyst. For the arguments, based on quantitative measurements 
and on analogy, in support of this view, previous papers must 
be consulted. It would, however, now appear to be probable 
that active chlorine is not deactivated by oxygen alone, but by 
the joint agency of oxygen and hydrogen. It seems to us that 
the simplest way of explaining this fact is on the supposition that 
the active energy is shared between the chlorine and oxygen, 
and the hydrogen can rapidly remove it from the oxygen. If we 
represent an active chlorine molecule by the symbol Cl,«, in which e 
is the active energy combined with the molecule of chlorine, then 
in a mixture of chlorine and oxygen the reversible change given 
by the equation 
Cle + Og = Oge + Cl, 
would take place, and in the steady state the proportion of active 
chlorine to active oxygen would be determined by the mass 
equation 


k{Cl,<][02] = ks[Oy<][Cl]. 


We shall suppose that equilibrium is very rapidly established, that 
is, that the constants k, and kg are very large. 

Now when a gaseous system in which only an infinitely small 
amount of chemical change can take place is absorbing light, the 
efficient energy absorbed by the molecules is degraded to heat 
with comparative rapidity. The process of degradation is some- 
times accompanied by the phenomena of resonance and fluorescence, 
which admit of its being investigated; but as yet very little is 
known about the laws which control the change. In the present 
case we shall assume that the rate of degradation per unit volume 
is proportional to the concentration of the active chlorine, and is 
given by &,[Cl,«], in which k, is a constant. 

The usual assumption that the rate of formation of active chlorine 
is proportional to the rate of absorption of light energy will also 
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be made. It will now be seen that the rate of increase of con. 
centration of active chlorine is given by the equation 

q[Cl,e]/dt = kyI[Cl,] — ke[Clye][Op] +- ka[Clp][Og¢] — ka[Clye] (i) 
in which / is the intensity of illumination, and k, a constant. In 
the steady state, d[{Cl,«]/dt is, of course, zero. 


We have now to account for the removal of activating energy | 


from molecules of oxygen by means of hydrogen. The simplest 
hypothesis is that the active oxygen combines with hydrogen to 
produce water, the active energy being simultaneously degraded, 
If the rate of formation of water is given by the normal mass 
equation, the rate of disappearance of active oxygen attributable 
to this cause would be given by the expression k,[O,«][H,]?, in 
which k; is a constant, and the total rate of increase of concen. 
tration of active oxygen would clearly be given by the equation 
UOge]/dt = k[Cly<][O2] — ka[Cla][Oz<] — kOe, . (ii) 
in which again d[O,«]/dt will become zero when the steady state 
is reached. 
Putting d[Cl,<]/dt =0 and d[O,e]/dt = 0 in equations (i) and 
(ii) and solving for [Cl,<], we obtain 
(Cge] = Heal Hel Cl] + keLH7 
1 Kakg[HoP[Oo] + kylkg[Cla] + kefHaP ’ 
Remembering that by hypothesis k, and k, are large in comparison 
with k, and k;, we see that 
(Cl €] = kyk3I(Cl,? 
, kok s[ Hy P[O2] + kykg[Clq] ° 
Whence 
a{HCl] . kykgkgl[Cl.]*[H] in 
de — Rel Helle] = FE THO.) + kgkelCh) “i 
in good agreement with the equation deduced from the experimental 
results. 


It will, no doubt, have been observed that this hypothesis (as 
well as the older one) implies that the degradation of energy which 
occurs when hydrogen combines with active chlorine is negligible.* 


* The most obvious method of justifying the implication is to assume 
that active chlorine can form with hydrogen a moderately stable molecular 
compound, the molecules of which break up on colliding with ordinary 
chlorine molecules in accordance with the equation 

H,Cl,e + Cl, = 2HCl + Clye, 

According to this view the active chlorine would function as a species of 
catalyst, and cause an increase in the velocity coefficient of both the action 
and the reverse action, but, owing to its instability, not necessarily in the 
same ratio as would be the case with a normal stable catalyst. One would, 
in fact, expect such a catalyst to shift the thermal equilibrium in the sense 
which is accompanied by the absorption of energy. It is also possible that 
the energy required to activate a molecule of chlorine is small, 
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-B(n this point, the reader should consult Nernst (Z. Elektrochem., 


1918, 24, 335), whose theory, with the aid of assumptions similar 
i) those made above, will explain the facts which are known about 
the photochemical union of hydrogen and chlorine. The assump- 
tion that water is formed when a mixture of chlorine, hydrogen, 
ud oxygen is exposed to light under the conditions of these 
experiments needs confirmation. It is certain that the oxygen 
disappears very slowly (if at all). Baly and Barker (loc. cit.) 
ysert that oxygen is produced during the illumination. On the 
other hand, Weigert (Ann. Physik, 1907, 24, 253) has shown that 
yater is formed when mixtures of hydrogen, oxygen, and chlorine, 
inwhich the proportion of oxygen is large, are exposed in a glass 
tube, to the light from a mercury arc lamp. 
[Received, September 17th, 1923.] 


(CCLXIV.—The Interaction of Bromine with Acetic 
Anhydride. 


By Kennepy JosepH Previr& Orton, Herpert BEN Watson, 
and (the late) Joun Epwin Bay iss. 


Ir was first shown by Urech (Ber., 1880, 13, 1687) that acetyl 
bromide and monobromoacetic acid could be isolated by fractional 
distillation from the product of the action of bromine on acetic 
anhydride at a somewhat elevated temperature. At the ordinary 
temperature, Lapworth (T., 1904, 85, 30) found that acetic anhy- 
dride is only very slowly affected, but that after saturation with 
hydrogen chloride or addition of a few drops of sulphuric acid the 
action is so vigorous that the temperature rises. In the course 
of researches on the halogenation and nitration of anilines and 
anilides, it was discovered (Orton and M. Jones, T., 1912, 101, 1720) 
that solutions of chlorine and bromine in acetic anhydride remained 
unchanged in the dark, but exposure to light was followed by a 
reaction. Moreover, the addition of small quantities of sulphuric 
or perchloric acid or ferric chloride always led to reaction. It 
was found that the rate of disappearance of bromine was not depend- 
ent on the concentration of the bromine, and that the presence of 
water retarded the reaction. 

Our fuller examination of the interaction of bromine and acetic 
anhydride has shown that sulphuric acid, ferric chloride and bromide, 
stannic chloride and bromide, and hydrogen bromide are good 
catalysts, and that acetyl chloride and hydrogen chloride are poorer 


catalysts, but that iodine, nitric acid, and water are without effect. 
5 k* 
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With all the catalysts, except hydrogen bromide, the reaction 
follows the same course. There is an initial period of small velocity 
(or period of acceleration), followed by the attainment of a constant 
maximum velocity which is independent of the concentration oj 
bromine (see Fig. 1). This latter characteristic is similar to Lap. 
worth’s (loc. cit.) original observation on the action of bromine on 
aqueous acetone, and to Dawson’s (Dawson and Leslie, 'T’., 1909, 
95, 1860; Dawson and Wheatley, T., 1910, 97, 2048) on the action 
of iodine on ketones, and on aliphatic aldehydes (Dawson, Burton, 
and Ark, T., 1914, 105, 1275). The rate is independent of the 
concentration of the halogen. This peculiarity was satisfactorily 
explained by Lapworth (loc. cit.) by assuming an interaction— 
practically instantaneous—between bromine and an enolic tauto- 
meride of acetone, which is formed only slowly from the pre doni.- 
nant ketonic form. The velocity measured is the rate of change of 
ketone to enol. Meyer (Ber., 1912, 45, 2864) finds that bromib- 
ation of malonic acid and ketonic acids and esters is similar, and 
Aschan (Ber., 1912, 45, 1913) has adopted Lapworth’s suggestion 
to explain the «-bromination of carboxylic acids, which he formulates 
as follows when acetyl chloride is brominated : 

CHyCOC] —> CH,:c<Q# =, 
Br CH,Br-COCI + HBr 
CH,BrCLOH — i 
\cl Ss CH, Br-COBr + HC 

It may be suggested that the interaction of acetic anhydride and 
bromine follows a similar course. The catalyst hastens the form- 
ation of the reactive form (enol) from the inactive, or perhaps 
forms a complex which is itself reactive. On the first supposition, 
the series of changes may be represented thus, 


Br 
CH3C°0 —atatyss CH,:C‘OH 5, CH,BrcZ OH 
>O > en >o — 
CH,'C:O CH,°C:0 CH,C20 
(I.) (II.) (III) 
CH,Br-C:0 
(IV.) >O,HBr —> CH,Br-CO-OH + CH,:COBr (V-) 
CH,°C:0 


Of these transformations, the change to the enolic form proceeds 
with measurable velocity, the action of bromine thereon being too 
fast for measurement. It is possible that the hydrogen bromide is 
not “ free,” but at stage IV remains in some sort of combination. 
If a compound of the type III reacts like free bromine and can 
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be titrated, as is indicated, the fall in bromine concentration is 
determined by the conversion of III into IV, which is not improb- 
ably a reversible change. 

The maximum velocity and the duration of the period of low 
velocity vary with different catalysts and with different con- 
entrations of the same catalyst. Fig. 1 shows curves obtained 
vith sulphuric acid as catalyst, and these are typical of those got 
yith each of the seven catalysts. The actual course of the reaction 
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is represented by ACB. The net result is obviously equivalent to 
that of a period of zero velocity (period of induction) followed by 
the immediate attainment of the maximum velocity, as represented 
by ADB. The reaction was regarded from this point of view, 
and the value of the maximum velocity and the duration of the period 
of induction were calculated as follows. Extrapolation of the 
straight line to the time axis (point B in figure) gives the time after 
which the bromine concentration is zero, that is, the time after 


which the reaction is complete. Let this time be 7’. Then if x 
5K*2 
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be the concentration of bromine after a time ¢t, the maximum velocity 
(represented by BD) will be given by 


K =a/(T — 2). 
Moreover, the equation of the straight line is of the form 
t= —2/K+T. 


The equation of a parallel line will be 
t=—2/K+7", 


and if this passes through the point «=a; t=0 (a being the 
initial concentration of bromine), then 7'— 7’ measures the period 
of induction, P. Therefore 


P=7—T =T —aJk. 


Table I gives the values obtained for the maximum velocity 
and the duration of the period of induction under the influence of 
different catalysts at varying concentrations. In all cases, increase 
in the concentration of the catalyst shortens the period of induc- 
tion, and in some cases increases the velocity subsequently attained. 
There is no obvious mathematical relation between the concentra- 
tion of catalyst and the velocity of the reaction or the length of 
the period of induction. Of the seven catalysts used, ferric chloride, 
ferric bromide, and sulphuric acid are the most effective, giving the 
shortest induction periods and the highest velocities. Acety! 
chloride and hydrogen chloride give the longest induction periods, 
that in the case of hydrogen chloride being extraordinarily long 
(which is possibly due to a direct reaction with the anhydride, 
CH,°CO,H + CH,°COCI). 

The general form of the velocity curves recalls the observations 
of Hell (Ber., 1880, 13, 531) on the bromination of aliphatic acids. 
He observed first a period of feeble action lasting until from 10 
to 20 per cent. of the bromine had reacted, then a period of rapid 
substitution, and finally, after some 60 per cent. of the bromine 
had disappeared, a diminution in the rate of substitution. Dawson 
and his co-workers (loc. cit.) found that the velocity of absorption 
of iodine by ketones decreased towards the end of the reaction; 
they considered it to be due to the reversibility of the reaction. 
In the present series of experiments, the reaction continued to 
completion, that is, until all the bromine had disappeared, but at 
least with acetyl chloride as catalyst, the reaction appeared to slow 
down towards the end. 

Hydrogen bromide is a good catalyst of the reaction, but the 
velocity curves are very markedly different from those given by 
other catalysts. In the first place, no period of low velocity was 
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observed, and, secondly, the velocity was found to vary directly 
but not proportionately as the concentration of the bromine. 
Experiments with different concentrations of catalyst showed that 
the velocity of bromine absorption was roughly proportional to the 
square root of the concentration of hydrogen bromide. It may 
be suggested that the unusual behaviour in presence of hydrogen 
bromide is connected with the formation of an additive compound 
similar to the additive compounds of acetic acid, bromine, and 
hydrogen bromide described by Steiner (Ber., 1874, 7, 184) and 
by Hell and Miihlhauser (Ber., 1877, 10, 2102; 1879, 12, 727), and 
mentioned by Michael (Amer. Chem. J., 1884, 5, 202) and Ward 
(T., 1922, 121, 1161). Hell and Mithlhiuser give the formula of the 
most stable of these compounds as (C,H,0,Br,),HBr, and consider 
that the formation of such compounds is responsible for the catalytic 
effect of hydrogen bromide on the bromination of aliphatic acids, 
The formation of hydrogen perbromide, HBr,, takes place to a con- 
siderable extent in glacial acetic acid solutions containing hydrogen 
bromide and bromine (W. J. Jones, T., 1911, 99, 392); its formation 
here is highly probable, and it may be also an important cause of 
the peculiar behaviour of hydrogen bromide; but a fuller investig- 
ation of this point is necessary. 

Pure dry iodine has no catalytic effect on the interaction of 
bromine and acetic anhydride, but in presence of small quantities 
of water it is a good catalyst. For a given concentration of iodine 
and of water the velocity curve is of the usual type. The value of 
the maximum velocity attained decreases somewhat with increase 
of water concentration, but the main effect of variation of water 
concentration is to change the duration of the period of induction. 
With constant iodine concentration, this period decreases with 
increase of water concentration up to 1-8 per cent. of water, but 
beyond 1:8 per cent. it increases. The effect of water is not due 
to the reaction Br, +- H,O — HBr + HBrO, for water alone does 
not catalyse the reaction, and, further, water increases the period of 
induction and reduces the velocity when ferric chloride is the cata- 
lyst. The effect was not likely to be due to hydrogen iodide pro- 
duced by hydrolysis of the iodine, for the equilibrium constants 
of the reactions Br, -+- H,O — HBr + HBrO and I, + H,O — 
HI-+ HIO at 25° are [H*][Br’][HBrO]/[Br,] = 2-4 x 10° and 
[H*)[I’][H10}/[T,] = 0-6 x 10-1, respectively (Bray, J. Amer. Chem. 
Soc., 1910, 32, 932). The period of induction, moreover, was not 
reduced by keeping the acetic anhydride, iodine, and water in 
contact at 25° for nine hours before adding bromine. On sub- 
stituting as catalyst iodine bromide, IBr, for the iodine, a velocity 
curve identical with that given by iodine was obtained when the 


fr 
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concentrations of iodine and water were the same in both cases. 
This result seems undoubtedly to point to the conclusion that 
catalysis by iodine and water in conjunction is due to the hydrogen 
bromide liberated by hydrolysis of iodine bromide first formed. 

The effect of dilution of the system with glacial acetic acid was 
studied, sulphuric acid being used as catalyst. The velocity curves 
obtained were of the normal type, but the dilution was found to 
increase very greatly the period of induction, and to lower con- 
siderably the subsequent velocity. Table II shows a comparison 
of the experiments in pure acetic anhydride with those in acetic 
anhydride diluted with glacial acetic acid. 


TaB_eE II. 
Concentration of H,SO, in moles 
per Litre ....sssssecevcsccceceseesesece 0-002 0-004 0-006 0-008 
Duration of period of induction in 
minutes : 
Pure Ac,O. [Ac,0O] = 10M ... 71 1-9 0-6 0 
Diluted Ac,O. [Ac,O] = 56M 108 55 30 19 
Velocity (gr.-atoms of bromine per 
minute) : 
Pure Ac,O. [Ac,O] = 10M ... 0-0111 00133 0-0132 0-0223 


Diluted Ac,O. [Ac,O] = 5-6M 00042 0:0042 0:0045 0-0058 


Inactivity of Nitric Acid—W. H. Gray (Rep. Brit. Assoc. ; Thesis, 
University of Wales, 1913) found that a solution of bromine in 
acetic anhydride, in presence of nitric acid at a concentration of 
0-0028.M, showed no fall in thiosulphate titre in forty and a half 
hours. Dilution with glacial acetic acid had no effect: in mix- 
tures containing 60, 40, or 20 per cent. of acetic anhydride, and 
nitric acid at 0-0018.1/, no fall in the thiosulphate titre was found 
after fifty hours. It is clear that nitric acid occupies a unique 
position here, as it does also in its effect on the hydrolysis of acetic 
anhydride (Orton and M. Jones, T., 1912, 101, 1708), and in its 
peculiar reaction with anilines in acetic acid solution in presence of 
acetic anhydride (Orton, T., 1902, 81, 495; Smith and Orton, 
T., 1908, 93, 1242). This inactivity of nitric acid is most probably 
due to the formation of the compound diacetylnitric acid, 
(CH,°CO-O),N(OH);, described by Pictet and Genequand (Ber., 
1902, 35, 2526), or of acetyl nitrate, CH,-CO-O-NO, (Pictet and 
Khotinsky, Ber., 1907, 40, 1163). 


EXPERIMENTAL. 


Preparation of Pure Materials.—The acetic anhydride was obtained 
from Kahlbaum’s “ acetic anhydride free from homologues” by 


ORTON, WATSON, AND BAYLISS 


3088 


86€0-0 


FPF0-0 8880-0 €I 
$2€0-0 LI¥T-0 Il 
66€0-0 96LZ-0 8 
L6€0-0 Z9EF-O ¥ 
I—D “© 4 
x 


ST 
N9T09-0 
W8¥00-0 


0 
€¢60-0 


0S60:0 6670-0 06 
6260-0 $1600 8T 
L0¢0-0 OSFI-O SI 
00-0 1£6-0 Il 
1220:0 PS9E-0 GG 
#— D “x 4 


GG 
NG¥6F°0 
W800-0 


Th 
ant 
sta 
bre 
ca 
at 

B 


6610-0 
1€10-0 
9€E10-0 
FELO-0 
TE10-0 
Ir 
HH 


sos GO 
oan 
MT — 
ee b-F 0-8 tas bd 
OZF0-0 9220-0 6€10-0 y yO onyea uve 
6820-0 9980-0 92 OF10-0 L6EZ-0 &-0E 
610-0 898I-0 Zo)«OCCGST0-0 = LZIE-0 = S92 
1020-0 8112-0 8 6810-0 992¢-0 rad 
ZFOT-0 FI L1Z0-0 988-0 SSL 6810-0 S8I&t0 SI 
$20Z-0 GIL 12200 &2tF-0 6 6810-0 €e8F-0 ial oe on ¥ 
6LEE-0 8 220-0 819-0 9 —_ 918¢-0 8 " x 
99FS-0 ¥ —_ 99FS-0 g — €6F°-0 $ ‘APLOOTOA JO SonTeA 
“4 9 I-L a % 4—D “a s 
wv x 
G91 63 6h SoyNUIUL UL 7 
NGPSS-0 N69ES-0 N9698-0 o = [4g] [etqruy 
W*Z00-0 WZ100-0 9000-0 {*109q] 
“AI GTaV I, 
9-0 6-1 UL T_pe=q 
ZE10-0 €E10-0 IL10-0 Y jo onyea uvoyy 
ZI10-0 S8ISZ-0 ° F€ 
ZI10-0 LOOE-O OF 
ZEIZ-0 460S-FSSCOSETO-O }8=— SEZ CB] IIl0-0 segg-0 gz 
8ELz-0 02 #8100 F1280 #61 €110-0 6SIF-0 02 
F69E:0 GFL 92100  O8¢80 GSI 0110-0 8S9F0 IT —D _ y 
POLF-O OL 6810-0 IFLF0 6 LOIO-O0 §=©1208-0 = OT a . 
LF-0 g 6¢10°0 SI6F-0 g == LIZ¢-0 9 ‘AJIOOTOA JO sanTeA 
“x 7 I- ‘© 9 iD ” % 
x 2 
IP $P Lg SoynurIuL UT 7 
N9OPES-0 NL9OPS-0 NTEgS-0 bp = [ag] [erg1uy 
1900-0 W¥00-0 Wz00-0 l"os*H] 


‘TI 0 WiIaviyL 


= eS ean ws 


0-0420 


a 
I< 


0-0398 


8-0 


THE INTERACTION OF BROMINE WITH ACETIC ANHYDRIDE. 3089 


redistillation, as described by Orton and Jones (T., 1912, 101, 1720). 
The bromine was shaken with an equa! quantity of water, separated, 
and then shaken with concentrated sulphuric acid, and allowed to 
stand for three hours. Finally it was separated and distilled. 

Method of Velocity Measurements.—0-33 C.c. of the purified 
bromine was added to the required quantity of a solution of the 
catalyst in pure acetic anhydride, and the whole made up to 25 c.c. 
at 25° with pure acetic anhydride. This gave, approximately, moles 
Br,: moles AcgJO = 1:40. Two c.c. were at once withdrawn 
and added to excess of potassium iodide, and the iodine liberated 
was titrated against N/10-sodium thiosulphate. The titration was 
repeated at intervals. 

Sulphuric Acid as Catalyst—A standard solution of sulphuric 
acid “pure for analysis” was prepared and used as described 
above. Table III gives the figures obtained with sulphuric acid as 
catalyst. 

Ferric Chloride as Catalyst—-A specimen of anhydrous ferric 
chloride was distilled into a glass bottle from a bulb tube. The 
bottle had previously been cleaned, dried, and kept in a vacuum 
desiccator for a week. After sublimation, the sample was placed 
in a vacuum desiccator over potash to remove traces of hydrogen 
chloride. A standard solution of the pure ferric chloride in acetic 
anhydride was prepared by weighing. Table IV gives figures 
obtained with ferric chloride as catalyst. 

Effect of Water on Catalysis by Ferric Chloride.—The ferric chloride 
concentration was kept constant (0-0012M) and varying small 
amounts of water, previously distilled from permanganate and 
potash, were added. Table V gives the results obtained. 


TABLE V. 
[H,O] 1% 2% 3% 
Initial [Br] = a 0°5503N 0-5530N 0-5316N 
T in minutes 80-5 118-5 144 
se te ll ; : o ae 
t. @. Tog «4 2X. ) = ae aL. T—-¢ 
Values of 44 0-5129 — 49 5365 — 60 0-4990 
5 


0: ip 

velocity, 55-5 0-4207 0-0168 61 0-5029 0-:0088 70 0-4753 0-0064 
S x 62 02939 00159 66 0-4742 0-0090 80 0-4295 0-0067 
ines T—;t 67 0-2201 0-0163 69 0-4351 0-0088 90 0-3584 0-0066 
70 00-1820 0-0173 74 0-4053 00-0091 97 0-3033 0-0064 

78 0-3656 0-0090 102 0-2680 0-0064 

84 0:3154 0-0091 105 0-2454 0-0063 


96 0-2073 0-0092 115 0-1941 0-0066 
Mean value of K 0-0166 0-0090 0-0065 
P=T-—a/K 47 57 62 
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It might be noted here that solutions of ferric chloride in acetic 
anhydride of the strengths used have a violet colour, and on 
addition of water the colour changes to yellow. 
Ferric Bromide as Catalyst.—The ferric bromide was prepared from 
iron wire and bromine. Clean dry iron wire and 5 c.c. of bromine 
were kept in a stoppered bottle for twenty-four hours. The excess 
of bromine was then removed by means of a slow stream of dry 
carbon dioxide; and a solution of the ferric bromide in acetic 
anhydride was prepared and estimated gravimetrically. The 
figures obtained with ferric bromide as catalyst are given in 


Table VI. 


TABLE VI. 
[FeBr,] 0-00065M 
Initial [Br] = a 0-5401N 
T in minutes 32 
# 
rd x. T-—t 
Values of velocity, 7 0-°5375 — 
K= 23 0-2879 0-0319 
aa ear’ 27 0-1429 0-0286 
30 0-0817 0-0408 
Mean value of K 0-0338 
P=T—al/K 16 


Stannic Chloride as Catalyst—A specimen of stannic chloride 
was distilled, and the pure compound came over as a practically 
colourless liquid of boiling point 113°. A standard solution in 
acetic anhydride was made by weighing. Table VII gives the 
figures obtained with stannic chloride as catalyst. 


TABLE VII. 
[SnCl,] 0-00097A7 0-0019M 0-0029M 
Initial [Br] = a 0-5089N 0:5423.N 0-5835N 
T in minutes 137 110 104 
¢ 2 cw 2 2 
t. x. T—t 6 x. , or a? x. T+ 
Values of 37 0-4963 — 35 00-5235 35 0°5266 


velocity, 56 0-4538 0-0074 48 0-4763 0-0077 49 0-4810 0-0087 
K=-.% 72 03586 0-0080 65 0-3465 0-0077 59 0-3821 0-0085 
~ pz 92 01911 0-0076 70 0-3073 0-0077 70 0-2802 0-0082 
107 0-0785 0-0079 75 0-2727 0-0078 75 0-2518 0-0087 

81 0-2282 0-0079 


Mean value of K 0:0077 0-0078 0-0085 
P=T—alK 51 40 35 


Stannic Bromide as Catalyst.—The stannic bromide was prepared 
by dropping bromine on to tin contained in a distilling flask, and 


TasBLE VIII. 


Nn.NOKROH AL 


— =. + = FT 
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driving off the excess bromine by warming. The bromide was then 
distilled into a dry vessel. It came over at 201° as a light yellow 
liquid which, on standing, completely solidified to a hard, white, 
crystalline mass. A standard solution in acetic anhydride was 
made by weighing. ‘Table VIIT gives figures obtained with stannic 
bromide as catalyst. 


Fia. 2. 


50 


=e 


of 11H 


Time in minutes. 


\ . By \ 
10 =A 
: e\ 
> * q “‘\ 
0 - ‘yy i 
1 3 5 7 9 11 e.e. 


Thiosulphate titre. 


I. [HBr] =0-0375M. Il. [HBr]=0-075M. IT. [HBr] = 0-1125M. 
IV. [HBr] = 0-150M. 


Acetyl Chloride as Catalyst.—The acetyl chloride was purified 
by bubbling dried air through it and then distilling into a clean, 
dry, specially constructed, pipette-stoppered bottle of about 180 c.c. 
capacity (Fig. 3). A standard solution was made rapidly in another 
similar bottle. The figures obtained with acetyl chloride as catalyst 
are given in Table IX. 

Hydrogen Chloride as Catalyst—Pure concentrated hydrochloric 
acid was run into pure concentrated sulphuric acid, and the hydrogen 
chloride gas liberated passed over calcium chloride and then into 
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TABLE IX. 


[AcCl] 0-27M 0-54M 0-S1LM 
Initial [Br] = a 0-5934N 0:4903.N 0:5707N 
T in minutes 203 185 153 
x x zx 


x. T—t 
0-4825 0-0063 


t. x. Tt t. x. T—t t. 
Values of 138 0-5404 00-0083 114 0-3750 0-0053 77 
velocity, 148 0-4620 0-0084 129 0-2813 0-0050 92 0-3909 0-0064 
. x 168 03082 0-0077 141 0-2162 0-0049 106 0-2851 0-0061 
K= p—zt 174 0-2338 0-0080 149 0-1754 0-0049 115 0-2338 0-0062 
181 0-1869 0-0085 160 0-1257 0-0050 135 0-1329 — 


188 00-1489 — 170 0-0976 — 
Mean value of K 0-0082 0-0050 0-0062 
P=T—alK 130-5 87:5 62-5 


pure acetic anhydride contained in the pipette-stoppered bottle. 
The concentration of the solution was determined gravimetrically. 
The figures obtained with hydrogen chloride as catalyst are given 
in Table X. 


TABLE X. 


[HCl] 0:0272M 00-0816 
Initial [Br] = a 0-5156N 0-5459.N 
7’ in minutes 1464 372 
t. x. , gar t. 2. T—t 
Values of velocity, 1430 =0-3496 =0-0103 =314— 00-4169 +=—0-0072 
K-.* 1435 = 00-2520 0-0087 8317 = 03915: 0-0071 
a oe 14400-2067 0:0086 322 0-3600 0-0072 
1450 =0:1528 00-0109 327 0-3215 0-0071 
332 0:2741 0-0069 
337 0-2371 0-0068 
347 0-1770 0-0071 
358 00-1021 0-0073 
Mean value of K 0-0096 0-0071 
P=T—a/lK 1410 295 


Hydrogen Bromide as Catalyst.—A small distilling flask was half 
filled with phosphorus pentoxide, and Kahlbaum’s hydrobromic 
acid dropped in slowly. The evolved hydrogen bromide gas was 
passed into pure acetic anhydride contained in the pipette-stop- 
pered bottle, and the concentration of the solution determined 
gravimetrically. The velocity curves obtained with hydrogen 
bromide as catalyst are shown in Fig. 2. Table XI shows the 
figures obtained. 
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TABLE XI. 
For first 2-5 e.c. For second 2:5 e.c. For third 2-5 e.e, 


titre fall. titre fall. titre fall. 


[HBr] = C. Time= 7. TVC. Time= 7. TVC. Time=T7T. TVC. 


0-0375M 15-5 min. 3-00 16 min. 3°10 21-5 min. 4:16 
0-0750M ll a 3-01 12-5 ,, 3°42 18 of 4-93 
0-1125M $5 2-85 95 ,, 3-19 14-5 ,, 4:86 
0-1500M 7 is 2-71 9 as 3°48 13 os 5-03 


Catalysis by Iodine and Water in Conjunction—A quantity of 
Kahlbaum’s resublimed iodine was ground up in a mortar with 
some previously ignited barium 
Fic. 3. oxide, sublimed over a small flame, 
and dried in a desiccator over 
calcium nitrate. This pure dry 
iodine was found to have no cata- 
lytic effect, and experiments were 
therefore carried out keeping the 
iodine concentration constant 
(0-0047N) and adding varying small 
quantities of water, previously 
distilled from permanganate and 
potash. Table XII (p. 3091) gives 
the figures obtained with iodine and 
water as catalyst. 

The curve connecting period of 
induction with water concentration 
shows a minimum period of induc- 
tion at 1-8 per cent. of water. 

Iodine Bromide as Catalyst.—A 
mixture of pure iodine with excess 
of pure bromine was kept for half 
an hour in a current of dry carbon 
. ‘ dioxide at a temperature of 40° to 
Rn AWAd As ond 60°. The carbon dioxide drove off 
the excess of bromine, and iodine 
bromide solidified, on cooling, to a black solid. It was dissolved in 
acetic anhydride, and the concentration of the solution determined 
by adding 2 c.c. to potassium iodide solution and titrating the 
liberated iodine : HI + IBr = HBr + [,. 

An experiment was carried out with iodine bromide and water as 
catalyst, the concentration of iodine (as IBr) being 0-0051N and 
that of water 2 per cent. Table XIII (p. 3096) shows a comparison 
of the results with results got when iodine (as such) and water were 
used as catalyst, at similar concentrations. 
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TABLE XIII. 
Todine bromide. 
Iodine = 0-0047N Iodine as IBr = 0-0051N 
Catalyst H,O = 2%. H,0 = 2%. 
Initial [Br] = a 0-5606N 0-5809.N 
T in minutes 


Values of velocity, 


K x 
a 0-2490 
0-0358 


Mean value of K 0-0098 
= T—-—a/K 156 


Effect of Dilution with Glacial Acetic Acid (H,SO, as catalyst).— 
0-33 C.c. of pure bromine, a measured quantity of the solution of 
sulphuric acid in acetic anhydride, and a further measured quantity 
of acetic anhydride were made up to 25 c.c. at 25° with glacial 
acetic acid. The amount of acetic anhydride added in each case 
gave a concentration of 5-6M, instead of the 10M in the experi- 
ments with acetic anhydride alone. Table XIV (p. 3095) gives 
the figures obtained by the velocity measurements. 


Summary. 


1. Bromine and acetic anhydride do not perceptibly react in the 
dark at the ordinary temperature. Illumination induces reaction. 

2. Sulphuric acid, ferric chloride and bromide, stannic chloride 
and bromide, and hydrogen bromide are good catalysts of the 
reaction. Acetyl chloride and hydrogen chloride are less effective. 
Iodine, nitric acid, and water are without effect, but iodine in con- 
junction with a small quantity of water is a good catalyst. 

3. A period of slow velocity precedes the attainment of a maximum 
velocity, which is independent of the concentration of the bromine. 
With hydrogen bromide, there is no period of slow velocity, and 
the velocity curves have a different character. 

Work on this subject is being continued. 


The expense of this research was in part defrayed by grants 
from the Royal Society and the Council of the British Association, 
to whom the authors tender their thanks. 
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(CCLXV.—The Bromine Compounds of Phenanthrene. 
Part II. 


By HERBERT HENSTOCK. 


OLN 


Tue bromination of phenanthrene at temperatures between 0° and 
76° has been carried out systematically with varying quantities of 
bromine at each temperature. With one and with one and a half 
molecules of bromine, the only substances isolated in any quantity 
at these temperatures were 10-bromophenanthrene, m. p. 63°, and 
unchanged hydrocarbon. None of the remaining possible mono- 
bromo-compounds was found, the most probable reason for this 
being the fact that the bridge is the weakest spot with respect to 
the attack of bromine. With two or three molecules of bromine, 
the dibromophenanthrenes isolated were 10 : 4-, m. p. 113° (Werner, 
Annalen, 1902, 321, 331); 10:2-, m. p. 161° (T., 1921, 149, 55); 
10:6-, m. p. 143-5° (Schmidt and Ladner, Ber., 1904, 37, 3571; 
compare Sandqvist, Ber., 1920, 53, 168); 10: 8-, m. p. 123° (Sand- 
qvist, Ber., 1915, 48, 1146); and 2: 7-, m. p. 199—-200° (Hayduck, 
Annalen, 1873, 167, 181; Schmidt and Mezger, Ber., 1907, 40, 
4562). 9:10-Dibromophenanthrene (Hayduck, loc. cit.) was not 
formed in these reactions, but a minute yield of a dibromo-compound 
melting at 203°, also described by Hayduck, was obtained. 

The reaction temperature may have influenced the orientation 
insome cases. In general it may be stated that at low temperatures 
asmall quantity of bromine seems to favour the production of the 
monobromo-compound, whilst a large quantity tends to produce 
dibromo-compounds having one bromine atom in the bridge. At 
high temperatures, with a large quantity of bromine, 2 : 7-dibromo- 
phenanthrene is produced. 

The same compounds were repeatedly formed in these reactions, 
and therefore they are the most stable and the most easily formed 
of all the bromophenanthrenes. In examining the reasons for the 
production of these particular compounds, recourse may be had to 
Lapworth’s theory of induced alternate polarities of atoms (Mem. 
Manchester Phil. Soc., 1920, 64, 1; T., 1922, 121, 416; compare 
also Kermack and Robinson, T., 1922, 121, 427). In the formation 
of 10-bromophenanthrene, bromine adds on at the 9 : 10-positions, 
as though -CH°CH: were an ethylenic group, forming phenanthrene 
9: 10-dibromide, which on elimination of hydrogen bromide yields 
10-bromophenanthrene. 
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A second bromine atom would attack the molecule in those positions 
where the negative carbon atoms are situated and thus the 10: 2., 
10:4-, 10: 6-, 10: 8- and 10: 9- dibromo-compounds would form. 
These are indeed the substances actually produced. Compounds 
having one bromine atom in the bridge would be more difficult to 
prepare and would probably be unstable. 2 : 7-Dibromophenan. 
threne would be formed in an analogous fashion, but it is not clear 
why the 2: 1-, 2: 3-, and 2 : 5-compounds also should not be produced 
in the same reaction ; all that can be stated is that, when the bridge 
is vacant, bromine enters the molecule in positions as far apart as 
possible. 


EXPERIMENTAL. 


Experiments were carried out by adding the calculated quantity 
of bromine, in 50 grams of the solvent, to 10 grams of phenanthrene 
dissolved in such an amount of solvent that no crystallisation 
of phenanthrene occurred at the chosen temperature. Every 
precaution was adopted to ensure thorough drying of the materials, 
and the additions were made in such a way as to ensure the reactions 
taking place at constant temperature. 

In the experiments at 0° and 15°, after the solid phenanthrene 
9: 10-dibromide had been removed, the mother-liquor (Q) was 
treated with about one-tenth of its volume of alcohol and well 
shaken; two layers formed, which, on separation and evaporation 


of the solvents, yielded mixtures of solids that were separated by © 


repeated recrystallisation, first from suitably dilute alcohol and 
afterwards from solvents appropriate to each substance. 

Where two and three molecules of bromine were used, in the 
reactions at 30° and 45°, the mother-liquor (Q) was evaporated, 
yielding a dark brown oil, which was distilled under a pressure of 
about 40 mm., when a nearly colourless oil came over between 
270° and 280°, and a smaller fraction, b. p. 280—290°, both of which 
soon solidified. Their constituents were extracted as described 
above, dilute acetone taking the place of dilute alcohol. The 
chief part of the dibromo-compounds occurred in the higher boiling 
fraction. Brominations at the boiling points of chloroform and 
carbon tetrachloride were conducted on the water-bath for twelve 
hours. ‘The resulting oil solidified, on standing at about 0°, and the 
mass was extracted twice with cold light petroleum, leaving 
2: 7-dibromophenanthrene (yield 55 per cent.). This procedure 
gives a better yield, and obviates most of the difficulties met with 
in the method given by Schmidt and Mezger (loc. cit.). The melting 
points of the substances isolated at each temperature are given 
on p. 3099. 
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Temp. of Molecules of bromine used and m. p.’s of 
reaction. Solvent. compounds produced. 
2. 1}. 2. 3. 
0° CCl, 63° 63° 63° 63° 
113 113 113 
123 123 
15 CCl, ‘5 63 -- _ 
CHCl, — = 63 3 
162 162 
30 CCl, 63 63 63 63 
143-5 143-5 
45 CCl, = i 63 63 
61-5 CHCl, - ms 


199-200 199-200 


76 CCl, . ™ 63 63 
199—200 199—200 


The yields were generally low; those of the dibromo-compounds 
were as follows: 10:2-, 83; 10:4-, 44; 10:6-, 7-2; 10:8-, 3-0 
per cent. of that theoretically possible. The best yield of mono- 
bromophenanthrene was 21-75 grams, obtained from 32 grams of 
the hydrocarbon, which compares favourably with the 20 grams 
obtained by Austin (T., 1908, 94, 1760). 


The author’s thanks are due to the Research Fund Committee 
of the Chemical Society and to the Government Grant Committee 
of the Royal Society for grants in aid of the work. 


CHEMICAL RESEARCH LABORATORY, 
ScHoot GARDENS, SHREWSBURY. [Received, July 25th, 1923.] 


(CCLXVI.—Quantitative Measurements of the Re- 
activity of the Halogens in Aromatic Compounds. 


By ArtHur Henry RHEINLANDER. 


Tux enhanced reactivity conferred on a halogen atom in the benzene 
ting by the presence of nitro-groups in the nucleus was first noticed 
by Pisani in 1854. The problems arising from inquiries into the 
causes of this, and the wider study of reactivity in general, have 
since attracted a large number of chemical workers. Many recent 
investigators have assumed that substitution in these compounds 
is preceded by addition (compare Fliirscheim, J. pr. Chem., 1907, 
[ii], 76, 165), and in certain cases intermediate additive compounds 
have been isolated (vide Picton and Sudborough, T., 1906, 89, 
583; Giua, Marcellino, and Curti, Gazzeita, 1920, 50, ii, 300). 
Kenner and his co-workers, in recent papers (T., 1914, 105, 
2717; 1920, 117, 852; 1921, 119, 1047, 1053), have directed atten- 
tion to the important interrelation between certain groupings and 
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their orientation in the nucleus in problems concerning reactivity. 
They also adopt the addition theory of chemical reaction. 

On the other hand, the quantitative measurements of the reactions 
between organic halogen compounds and various bases made by 
Lulofs (Rec. trav. chim., 1901, 20, 292), Segaller (T., 1913, 103, 
1154), Senter and Ward (T., 1912, 101, 253), Senter and Wood 
(T., 1915, 107, 1070), etc., clearly point to typical bimolecular 
reactions and preclude the existence of additive compounds in 
large proportion. 

In view of the conflicting results and of the various theories 
briefly referred to above, it is clear that more quantitative work 
from the kinetic point of view is desirable to elucidate the problem, 
So far as concerns the actual determination of the velocity coef 
cients of reactions between halogenated nitrobenzenes and various 
bases, Lulofs’s work (loc. cit.) appears to be the only contribution; 
some comparative tests on the relative reactivity of these substances 
were, however, recently published by Franzen and Bockhacker 
(Ber., 1920, 53, 1174). The present investigation was originally 
undertaken to obtain quantitative measurements of the reactivity 
of 1-bromo-2 : 4-dinitrobenzene with aniline and methylaniline, 
with the special object of ascertaining whether the reactions were 
unimolecular or bimolecular, and so to obtain evidence of the 
existence or non-existence in appreciable quantity of intermediate 
additive compounds. The work was subsequently extended to 
embrace the mono- and tri-nitrobromo-derivatives with the same 
object in view, and then further extended to obtain data on the 
order of the reactivities of chlorine, bromine, and iodine in the 
analogous .compounds. 


EXPERIMENTAL. 


The ethyl alcohol used as solvent in these experiments was 
commercial “ absolute ’’ alcohol, dij3: 0-79784 (99-16 per cent. by 
volume). In the examination of the reactivity of the mononitro- 
compounds with sodium ethoxide the effect of even 0-84 per cent. 
of water might be important, and in these cases the above-mentioned 
alcohol was dehydrated by Merriman’s method (T., 1913, 103, 
628), giving after one treatment a density of 0-79390, corresponding 
to 99-94 per cent. by volume. 

The sodium ethoxide used was prepared by adding the calculated 
weight of metallic sodium to a known volume of absolute alcohol, 
and the exact normality subsequently determined by titration 
against standard sulphuric acid. The calculated volume equivalent 
to 10 c.c. of 0-2N-solution was delivered direct into the reaction 
tube. 
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The aniline was prepared by the hydrolysis of pure acetanilide 
with subsequent extraction and fractionation. 

The methylaniline was prepared by converting technical mono- 
methylaniline into the phenylmethylnitrosoamine, which was then 
reduced, and the regenerated methylaniline separated and purified 
by fractionation. 

The three aniline hydrogen halides were prepared by adding the 
calculated quantity of pure concentrated halogen acid to the pure 
hase. ‘The white salt that separated on cooling (and evaporating 
where necessary) was filtered with the aid of the pump, washed 
twice with a small quantity of a mixture of ether and alcohol to 
remove any uncombined acid or base, and then dried. By this 
means pure white aniline salts were readily obtained. 

With the exception of o- and m-bromonitrobenzenes, which were 
obtained from Kahlbaum, the whole of the nitro-compounds used 
were prepared specially for this work. The mono- and dinitro- 
derivatives were obtained by nitration of the appropriate benzene 
halogen compound with the usual nitrating mixtures and subsequent 
repeated recrystallisation until the correct melting point was 
obtained. The nitration was done in two stages, as by this method 
it proceeded more easily and obviated the formation of any of the 
2: 6-isomeride. 

As regards the trinitro-series, the method described by Frankland 
and Garner (J. Soc. Chem. Ind., 1920, 39, 2577) for picryl chloride 
gave good yields and also worked well for the preparation of picryl 
bromide from 2 : 4-dinitrobromobenzene, this process being a great 
improvement as regards yield on the method described by Jackson 
and Earle (Amer. Chem. J., 1903, 29, 212). The application to 
picryl iodide, however, was not successful, a considerable quantity 
of free iodine from the di-iodo-compound being liberated. Picry] 
iodide was therefore prepared from picryl chloride by treatment 
with excess of powdered potassium iodide in alcoholic solution 
(Hepp, Annalen, 1882, 215, 361). The small solubility of this com- 
pound in absolute alcohol rendered difficult the use of concentrations 
higher than N/20 without alteration of the general experimental 
conditions. 

The picryl bromide and iodide melted respectively at 121—122° 
and 165° (uncorr.). 

The thermostat was controlled at first by an ordinary mercury 
thermo-regulator, but later a toluene-filled bulb was attached. 
This was found to be very efficient and maintained a temperature 
of 50-0° constant to within 0-1° for months. 

The determinations of the velocity coefficients were carried out 


as follows : 
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The reactions were carried out in hard glass tubes of about 
30 c.c. capacity. A weighed quantity of the nitro-compound was 
dissolved in 10 c.c. of aleohol by shaking and, if necessary, warming 
in the well-stoppered tube. An alcoholic solution of the base of 
the required normality was separately prepared, and 10 c.c. were 
transferred to the reaction tube. The contents were well mixed 
by shaking and the tube was immediately immersed to the top of 
the neck in the thermostat. 

From time to time tubes were removed from the thermostat and 
the contents transferred with alcohol to a separator containing 
water, 10 c.c. of 0-1N-silver nitrate, and about 30 c.c. of benzene. 
The whole was vigorously shaken until the lower layer became 
colourless on standing, the unchanged base, the nitro-compound, 
and the condensation product being dissolved in the upper benzene 
layer. The excess of silver nitrate remaining in the aqueous 
portion was estimated by the Volhard method with approximately 
N/20-ammonium thiocyanate. The benzene was twice washed 
with water and the washing added to the titration flask. It was 
observed that the silver halide remained entirely in the upper layer 
or at the junction of the layers; a fact rendering unnecessary the 
filtration which would otherwise have been required in the case of 
the chloro-compounds. 

In the case of the reaction of the mononitro-compounds with 
sodium ethoxide, the titration was modified by adding sufficient 
nitric acid to the contents of the separator to prevent the formation 
of silver oxide. It was ascertained that under the conditions of 
experiment the halogen compounds did not react with the silver 
nitrate solution used for the precipitation of the displaced halogen 
(see Table VI). 

Calculation of the Experimental Data.—The coefficients were first 
calculated by the ordinary unimolecular and bimolecular formule, 
but (except where the base concerned was sodium ethoxide) neither 
expression gave satisfactory values. It was, however, observed 
(see Table I) that even after twenty-four hours less than half of 
the available halogen had been eliminated and that the slowing 
down had become very marked. It seemed probable, therefore, 
that the hydrogen bromide formed during the reaction united with 
the unchanged aniline to form aniline hydrobromide and that this 
undissociated salt no longer reacted with the halogen, reducing 
in effect the concentration of the reacting base. Thus, 
2C,H;-NH, + C,gH,Br(NO,), = C,H;"NH°C,H,(NO,). + 

C,H,*NH,,HBr. 

The velocity equation expressing this hypothesis is dzx/dt = 

k(a — 2x)(6 — x). Three cases had to be considered, namely, 
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a>2b, a = 2b, and a<2b. The solution gave rise to three special 
bimolecular expressions : 


1 x 
—— . =s- " 
When a b, k % b(b — 2) 
1 ba— 2x 
9 == o — 
» > 2B k= ~ gp lowes Ga e: 
1 a b—z 
» @< 2b, b= oa 8 5 a — 2a" 


The recalculation of the coefficients with these expressions gave 
satisfactory values. As a justification of this hypothesis, it was 
found on investigation that the reaction velocity of 1-bromo- 
2:4-dinitrobenzene with aniline hydrobromide was about one 
hundred times slower than with the free base, and it is probable 
that even this velocity is due, to some extent, to the trace of water 
known to be present in the alcohol used as solvent. 


Discussion of Results. 


Records of a few of the actual measurements made are annexed 
by way of illustration, and a concise summary of all the experimental 
results is given at the end of this paper. 

As regards the effect of varying the relative concentrations of 
base and halogen compound, it will be observed that when the 
concentration of bromo-dinitrobenzene was kept constant and that 
of the base increased, the value of k diminished. When that of 
the bromo-compound was increased, the value of & also diminished, 
but more slowly. Thus when the concentration of the base was 
eight times that of the bromo-compound the velocity coefficient 
had fallen to 0-00383, whereas when the concentration of the bromo- 
compound was eight times that of the base the velocity coefficient 
was still 0-00444. In general, throughout the whole range of the 
experiments, k was diminished by an increase in the concentration 
of the reactants, and in particular the effect of a variation of the 
base was more important than that of the halogen compound. 
This supports the observation of Segaller (loc. cit.). 

On mixing the reacting solutions, a colour immediately developed ; 
a fact which is generally taken as indicative of the formation of an 
intermediate compound. This coloration was most noticeable with 
methylaniline, but with the dilutions used was not so strong as 
would be expected from the remarks on this subject found in the 
literature. In this connexion, Hibbert and Sudborough (T., 1903, 
83, 1336), in a paper on the “‘ Additive Compounds of s-Trinitro- 
benzene and Alkylated Arylamines,” remark ‘‘ that when solutions 
of the coloured compounds were considerably diluted, the depth 
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of colour diminished considerably and the determinations of the 
molecular weights of some of the additive compounds in moderately 
dilute benzene solution have proved that these substances are almost 
completely dissociated into their two components, even although 
the solution still retains an appreciable amount of colour.” 

Were any additive intermediate compound formed in large pro. 
portion as a preliminary to the final condensation product, the 
values of k deduced from such large variations in the concentration 
of the two reactants would differ very widely and approximate 
to that for the unimolecular reaction. In no instance is this the 
case, and these experiments indicate that additive compounds 
are not formed to more than a very small extent. That is to say 
that, at 50° and at the concentrations shown, the course of the 
reaction between the halogenonitrobenzenes and sodium ethoxide, 
and aniline, and methylaniline in ethyl-alcoholic solution, is approxi- 
mately bimolecular. 

It may be noted in passing that in the cases previously cited, 
where an intermediate compound has been isolated, the nitro. 
compound has contained three nitro-groups, although the presence 
of certain additional substituents may even then inhibit the forma. 
tion of additive compounds (see Sudborough and Picton, loc. cit.), 
With fewer nitro-groups present in the nucleus, the intermediate 
compound, if formed, appears to be less stable, and, when detected, 
the reactants have been originally in the solid phase, no solvent 
being present. In these cases, the criteria of the presence of the 
additive compound lie in physical observations and in examination 
of eutectic mixtures; no proof is offered of its existence at high 
temperatures and in dilute solutions. 

The reaction between the picryl halides and aniline was found in 
every case to be too rapid for measurement. Even at room temper- 
ature, within three minutes of mixing 0°1N-solutions of aniline 
and picryl bromide, the reaction had proceeded beyond the half- 
way point; much more was this the case at 50°, that’ is to say, 
the point had been reached where (on the previous hypothesis) all 
the aniline remaining had combined with the hydrogen bromide 
liberated to form the aniline salt, and therefore the bromo-compound 
was presumably reacting with the aniline hydrobromide. The 
reaction therefore probably proceeds in two stages: first, the 
reaction with free aniline, which is very fast, and then the reaction 
with the aniline salt, which is slower. As a consequence of this, 
in these. three cases measurements were taken of the reaction 
between the picryl halide and the corresponding aniline salt, with 
the hope that, whilst not strictly comparable, the figures obtained 
would be roughly indicative of the speed of reaction. Even s0, 
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the velocity was so considerable as to render the effects of initial 
disturbances of great importance, and in order to eliminate these 
as far as possible the first reading in each of the series of reactions 
was used as a blank. The values of & so determined are still some- 
what erratic, especially in the case of picryl chloride and aniline 
hydrochloride. This, no doubt, is to be accounted for in part 
by the displacement of chlorine in picryl chloride heated in alcoholic 
solution at 50° (see Table VI). This fact necessitated a slight 
correction in the amount of halogen acid as determined by titration 
(see col. 5 of Table IV). 

The reaction velocities of the picryl halides with methylaniline 
were considerably slower, but the correction just alluded to was 
made in the case of picryl chloride. 

The reaction velocity of the mononitro-compounds with aniline 
was too slow for convenient measurement, and the base used in 
these cases was sodium ethoxide. It will be observed that the 
p-bromo-compound is about twice as reactive as the ortho-, whilst the 
rate of reaction of the m-bromo-compound is so very slow as almost 
to be negligible. This is consistent with the suggestion referred 
to above (Kenner, loc. cit.), that a meta-directive group, such as 
the nitro-group in the meta-position to a substituent x, would 
strengthen its attachment to the nucleus and so render it less 
mobile. 

Rough experiments on the effect of water on the reaction velocity 
showed that in 90 per cent. alcohol the speed of reaction of the 
ortho-compound was diminished from 6-38 x 10° to 2-71 x 10° 
or was 2:35 times slower than in absolute alcohol. For the para- 
compound, the figures were 1-23 x 10* and 0-82 x 10, or 1:5 
times slower. These experiments were made under exactly com- 
parable conditions as regards concentration, temperature, and 
strength of alcohol, and it is not easy to account for the considerable 
difference in the effect of the same quantity of water on the reaction 
velocity of the two compounds (compare Lobry de Bruyn and 
Steger, Rec. trav. chim., 1899, 18, 311, and Lulofs, loc. cit., who 
found that, in the reaction with sodium ethoxide, the influence 
of dilution was more marked with chloro- than with bromo- or 
iodo-dinitrobenzene). 

A comparison of the velocity coefficients of the various nitro- 
compounds with aniline and methylaniline shows in every case 
that the former reacts more rapidly than the latter. In view of 
the fact that methylaniline is a stronger: base than aniline, this 
eflect is doubtless due to steric hindrance. The actual ratios, 
however, are by no means uniform; as regards the dinitro-halogen 
derivatives, the ratio of the reaction velocity of methylaniline 
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to aniline is 1 : 9-3 for the chloro-, 1 : 4-8 for the bromo-, and 1 : 54 
for the iodo-compound. For the trinitro-halogen derivatives the 
corresponding ratios are 1 : 38-5 for the chloro-, 1: 12-3 for the 
bromo-, and 1 : 2-6 for the iodo-compound. 

The experimental results of the investigations do, however, 
enable comparisons to be made as to the order of the reactivities 
of chlorine, bromine, and iodine in similar nitro-compounds, |) 
the reaction of the dinitro- and trinitro-derivatives with aniline, 
the order is iodine, chlorine, bromine; the iodo-compound being 
the least reactive. The actual numbers representing the ratios of 
the velocity coefficients are given at the end of the paper, from 
which it will be seen that the behaviour of picry] iodide with methyl. 
aniline is abnormal, and that the general order of halogen reactivity 
is remarkable, chlorine reacting more rapidly than iodine and less 
rapidly than bromine, with the one exception just noted. There 
is, however, no uniformity in the increase of speed of reaction of 
chlorine and bromine over that of iodine with the various sub. 
stances used. 

Preston and Jones (T., 1912,104, 1932) refer to an anomaly in the 
behaviour of methyl iodide, this substance reacting very much more 
quickly with tritsoamylamine than would be expected. Menschutkin 
(Z. physikal. Chem., 1890, 5, 589) also noticed. an unusually great 
velocity in the reaction of methyl iodide with triethylamine. It is 
not quite easy to relate these observations with the abnormality 
of picryl iodide and methylaniline, but a connexion between the 
two seems likely, especially in view of the acidic character possessed 
by picryl compounds as compared with the mono- and di-nitro- 
derivatives, with which methylaniline reacts normally. 

As regards the order of halogen reactivity, Lulofs (loc. cit.), 
working with the halogenodinitrobenzenes and sodium ethoxide, 
found the order to be chlorine>bromine>iodine. The changing 
of the reacting base from sodium ethoxide to aromatic amine has 
therefore been accompanied by an important change in the 
order. 

An interesting case of unusual order of halogen reactivity has 
also been observed by Drushel and Simpson (J. Amer. Chem. Soc., 
1917, 39, 2453), who investigated the velocity of hydroxylation of 
the halogen-substituted aliphatic acids in water solution, and 
found the order to be bromine> iodine >chlorine. 

The order found by Franzen and Bockhacker (loc. cit.) confirms 
both that of Lulofs with sodium ethoxide and that found in the 
present work with aniline. Franzen and Bockhacker did not use 
methylaniline, so no comparison can be made for that substance. 
The very different conditions under which Franzen’s work was 
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: ‘a carried out prevents any quantitative comparison, but it may be 
€s the 


noted that they found o-bromonitrobenzene more reactive than 

or the the para-compound with sodium ethoxide. This is contrary to 
the results of the present investigation. As their experiments 

— with these substances were carried out at 100°, it would appear 

avila probable that some very interesting and remarkable changes take 

“eo In place in the temperature coefficients in these reactions, and further 

niline, work in this connexion is most desirable. 

being 

‘ios of 

from Results of Typical Measurements. 

ethyl In the following specimen tables the concentrations refer to the 

tivity f total volume after mixture of the reacting substances. Column 2, 

d less $headed ‘“ C.c. of N/20-thiocyanate,” gives the burette readings for 

There the back titrations of the unchanged silver nitrate with ammonium 

on of Fthiocyanate. In general, 20-0 c.c. of N/20-silver nitrate were 

| sub- Badded before titration; therefore the figures in this column sub- 

tracted from 20-0 give the c.c. of N/20-halogen acid eliminated 


in the § during the ¢ hours that reaction has proceeded. 

more 
utkin 
great TABLE I. TABLE II. 

It is 1-Bromo-2 : 4-dinitrobenzene 1-Chloro-2 : 4-dinitrobenzene 
ality N/20. Aniline NV /20. N/10. Methylaniline N/10. 
a the a = 20, b = 20. a = 40, b = 40. 
essed : ; : 

it Time C.c. of N/20- Time C.c. of N/20- 
utro- (hrs.). thiocyanate. «x. k x 10%. (hrs.). thiocyanate. « k xX 10%. 

1-6 17-6 2-4 4:57 2-1 18-9 1-1 -— 

cit.), 2:3 16-9 3-1 4-40 5:5 17-6 2-4 0-299 

id 3-1 16-0 4:0 4-53 7:5 17-0 3-0 0-281 
xide, 40 15-4 46 443 23-0 12-4 7-6 0-290 
iging 5:5 14-5 5-5 4-33 Mean 0-290 
sheaf 73 13-5 65 4:45 
a a a) 10-3 9-7 —- 

the Mean 4:45 
has 
Soc., TaBeE IIT. 

a : Picryl bromide V/20. Aniline hydrobromide NV /20. a = 20,6 = 20. 
an 
C.c. of N/20-thio- C.c. of N/20-HBr 
: cyanate (40 c.c. Total c.c. derived 
irms Time of N/20-AgNO, of N/20- from picryl 

the (hrs.). added). HBr = 2", bromide = 2. ex Tr. 
| use | 07083 15-4 24-6 4-6 — 

, 0-316 13-8 26-2 6-2 32-4 
nce. 0-750 11-4 28-6 8-6 34-2 
was 1-125 10:1 29-9 9-9 32:7 

Mean 33-1 
5L2 


ot an a a 
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TABLE IV. 


Picryl chloride N/40. Aniline hydrochloride N/20. 
a=20,b=10. 2! and z as above. 


C.c. of N/20-thio- 
cyanate (40 c.c. x (corr.) 
Time of N/20-AgNO, (see 
(hrs.). added). a, x. Table VI). k x 1 
0-51 15-7 24-3 4-3 4:3 — 
1-20 14-5 25-5 5:5 5-4 20-5 
2-60 12-7 27:3 73 7-1 22-9 
Mean 21-7 
TABLE V. 
o-Bromonitrobenzene NV /10. Sodium ethoxide V/10. a = 40, b = 40, 
C.c. of N/20- 
Time (hrs.). thiocyanate. Xo k x 10%. 
22-4 17-7 2-3 0-0642 
68-2 14-2 5:8 0-0633 
70-2 14-0 6-0 0-0628 
97-6 11-9 8-1 0-0650 


Mean 0-0638 


a and b= the concentration of the base and of the halogen 
compound, respectively, in terms of c.c. of N/20-solution; x = cc. 
of N /20-halogen acid eliminated; and k = velocity coefficient. 


TaBie VI. 
Effect of heating the compounds in alcoholic solution at 50°. 
Time of C.c. of N/20-halogen 


Substance. Normality. heating (hrs.). acid eliminated. 
Chlorodinitrobenzene ...... 0-1 24-0 nil 
Bromodinitrobenzene ...... 0-1 23-0 nil 
Iododinitrobenzene ......... 0-1 42-0 0-1 
Picryl chloride .........0...3+ 0-05 1-9 0:3 

a ig” =~ ee panaamnenens 0-05 23-0 3°3 
is ail verateciocetamenates 0-1 2-3 0-8 
op. MOOD: oc canssncesecce 0-05 0-66 0-05 
ie MOOG)” Ghapdavcseteess 0-025 22-0 0-2 


Under these conditions, therefore, it will be seen that 20 c.c. of 
0:05N-picryl chloride in alcoholic solution loses approximately 
0-15 c.c. of 0-05N-hydrochloric acid; hence the correction in Table 
IV. With the other substances, no appreciable decomposition 
occurs on heating with alcohol. 
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Summary of Experimental Results. 
Velocity coefficient 


Normality of reaction with 
of halogen Normality Methyl- 
Substance. compound. of base. Aniline. aniline. 
Dinitrochlorobenzene 0-05 0-05 — 0-000300 
0-05 0-1 0-00281 — 
0-1 0-1 0-00268 0-:000290 
. Mean 0-00275 0-000295 
" EB pDinitrobromobenzene 0:05 0-05 0-00445 0-000886 
90. 0-05 0-1 0-00420 0-000863 
a 0-05 0-2 0-00387 te 
2-9 0-05 0-4 0-00383 owe 
21-7 0-025 0-05 0-:00466 — 
0-1 0-1 0-00406 0-000859 
0-2 0-025 0-00444 — 
Mean 0-00421 0-000869 
Dinitroiodobenzene 0-05 0-1 0-00128 0-000215 
= 40 0-1 0-1 0-00118 0-000208 
: Mean 0-00123 0-000212 
Trinitrochlorobenzene 0-025 0-05 0-0217 _- 
0-05 0-05 0-0164 a 
0-1 0-1 — 0-000493 
Mean 0-0190 0-000493 
Trinitrobromobenzene 0-05 0-05 0:0331 0-00283 
0-05 0-1 — 0-00255 
Mean 0-0331 0-:00269 
Trinitroiodobenzene 0-025 0-025 0-0172 — 
logen 0-025 0-05 — 0-00668 
= €.0, Mean 0-0172 0-00668 
‘ Sodium ethoxide. 
In absolute In 90-7% 
alcohol. alcohol. 
o-Nitrobromobenzene 0-1 0-1 0-0000638 0-0000271 
0-2 0-1 0-0000616 — 
Mean 0-0000627 0-0000271 
p-Nitrobromobenzene 0-1 0-1 0-000123 0-0000820 
0-2 0-1 0-000121 — 
gen Mean 0-000122 0-0000820 


Ratios of the Velocity Coefficients. 


i ; Todo. Bromo. Chloro. 
The dinitro-compounds : 
Vel. costl; with — me 5:8 4-8 9:3 
methylaniline 
The trinitro-compounds : 
Vel. cocff. with —Sniline salt 2:6 12-3 38-5 
methylaniline 
. off The mononitro-compounds : 
tely Vel. coeff. of 2% in absolute alcohol = 1-95 
‘ble ortho alii 
: . absolute — 9.8 
ion Vel. coeff. of ortho in 90:7, alcohol 3 


r . absolute _ os 
Vel. coeff. of para in 90-79% alcohol = 1-5 
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Order of Reactivity. 
I cl. Br, 
Dinitro-compounds with aniline ............ 1 2-3 3:4 
BS 2 i methylaniline ... 1 1-4 4] 
Trinitro- wn = aniline salt ...... 1 1-1 1-9 
a ds ‘i methylaniline 1 0-074 0-40 


1. The reaction between the halogenonitrobenzenes and (qj 
sodium ethoxide, (b) the aniline bases in ethyl-alcoholic solutiop 
is a bimolecular one of a somewhat special type, in that the velocity 
coefficient varies slightly with the initial concentration. No 
evidence of the presence of additive compounds in appreciable 
proportion was obtained. 

2. An increase in the concentration of the base or of the halogeno. 
compounds diminishes the velocity coefficient, the effect of the 
former being the more marked. 

3. The mononitrohalogenobenzenes react very slowly with aniline, 
The 2: 4-dinitrohalogenobenzenes react very slowly with aniline 
salts, but fairly rapidly with free aniline at 50°. The 2:4: 6-tri. 
nitrohalogenobenzenes react with extreme speed with aniline and 
rapidly with aniline salts at 50°. 

4, In the reaction between the three mononitrobromobenzenes 
and sodium ethoxide at 50-0°, the meta-compound reacts too slowly 
for accurate measurement, the reactivities of the ortho- and para. 
compounds are measurable, the latter reacting twice as fast as 
the former. 

5. In all cases, methylaniline reacts more slowly than aniline, 
but there is no uniformity in the ratios. 

6. The order of halogen reactivity with the aniline bases is 
bromine > chlorine > iodine. 

7. The speed of reaction between methylaniline and picry] iodide 
is abnormal, as in this instance the iodide reacts more rapidly than 
either the bromide or chloride. 


In conclusion, I desire to thank Dr. G. Senter, Principal of this 
College, for valuable suggestions and advice in the conduct of this 
research, 


BIRKBECK COLLEGE, LONDON. [Received, August 15th, 1923.] 
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OCCLXVII.—Studies in WNitration. Part I. The 
Velocity of Nitration of Phenol. 


By Francis ARNALL. 


In those few instances in which the velocity of a nitration has been 
measured, it has been found that the reaction is approximately 
bimolecular. Thus in the nitration of nitrobenzene three bimolecular 
side reactions occur (Holleman and de Bruyn, Rec. trav. chim., 1900, 
19, 79, 188, 364; 1901, 20, 206, 352) and in the nitration of nitro- 
benzoic acid, using a large excess of the nitrating acid, three uni- 
molecular side reactions take place (Holleman, Z. physikal. Chem., 
1899, 31, 79). Also in the nitration of phenol in ethereal solution 
at 25°, the reaction is approximately bimolecular (Klemenc, Monatsh., 
1914, 35, 85), whilst Wibaut (Rec. trav. chim., 1915, 34, 241) found 
that although this was the case with benzene and chlorobenzene, 
yet with bromobenzene the value of the velocity coefficient increased 
as the nitration proceeded, and no satisfactory value could be 
obtained for the velocity coefficient in the case of toluene. 

It is improbable that the nitration of phenol can be expressed as 
the sum of three bimolecular side reactions, because in general there 
is a marked period of induction before nitration commences; 
thereafter it is apparently accelerated auto-catalytically and the 
reaction proceeds readily. This is especially the case if one employs 
nitric acid which has been boiled with carbamide to free it from 
nitrous acid, or which has been treated with a small quantity of 
hydrogen peroxide. The following experiments were therefore 
carried out, 


EXPERIMENTAL. 


The experiments were performed at 25-5°. The solvent was 
absolute alcohol, which retarded the reaction so appreciably that 
there was no difficulty in maintaining the mixture at a constant 
temperature. The thermostat employed was heated electrically, 
and the temperature remained constant to within 0-02° throughout 
the experiments. It was found convenient to use solutions con- 
taining 10 per cent. of phenol and an equivalent quantity of nitric 
acid. The progress of the reaction was followed by measuring the 
amount of free acid at the end of definite time intervals. This can 
be done by direct titration with a solution of alcoholic potash, the 
nitrophenol itself acting as an indicator. But it is difficult to 
determine the end-point with accuracy, as the solution becomes 
coloured. The free acid was therefore estimated by adding an 
excess of potassium iodide and potassium iodate and titrating the 
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liberated iodine with N/5-sodium thiosulphate in the presence of 
starch (compare Klemenc, loc. cit.). 

Equivalent quantities of phenol and nitric acid reacted somewhat 
slowly. 


Time Thio. used Time Thio. used 
(mins.). (c.c.). % Nitrated. (mins.). (c.c.). % Nitrated, 
0 25 0 330 24-0 4-0 
120 24°75 1-0 420 23-4 6-4 
180 24-6 1-6 540 22°5 10-0 
240 24-5 2-0 


The amount of nitrous acid present was too small to vitiate the 
results obtained. From these figures it is seen that the reaction is 
accelerated auto-catalytically and that it is impossible to obtain 
a constant for the velocity of reaction. As it seemed most probable 
that the auto-acceleration was due to the presence of nitrous acid, 
formed by subsidiary reactions, the effect of adding a small 
quantity of this acid to the nitration mixture was determined, 


0-02 Per cent. of nitrous acid added to a solution containing 
10 per cent. of phenol. 


Expt. I. HNO, added at#¢ = 0. Expt. II. HNO, added at ¢ = 120, 


Time. % Nitrated. k x 10%. Time. % Nitrated. 
0 0 —- 0 0 

60 1-5 0:25 60 0-5 
150 10-0 0-74 150 1-3 
195 16-0 0-98 180 3-0 
255 26-5 1-41 270 16-0 
330 43-0 2-29 315 24:0 
420 60-5 3°65 360 34-0 
480 69-0 4-61 450 53-5 
570 77:5 6-07 


Velocity coefficients, k, have been calculated from the simplest 
expression for a bimolecular equation in which equivalent quantities 
of the two reacting substances are used. The results are plotted 
in Fig. 1. The two curves are approximately parallel. For 
comparison, the curve for the reaction using pure nitric acid alone 
is given. In order to determine whether the nitration in alcohol 
was retarded by an excess of nitric acid, and accelerated by an 
excess of phenol, as would be expected from the results of Klemenc, 
the velocities of nitration, in the first place with an excess of acid, 
and secondly with an excess of phenol, were measured. When half 
the equivalent quantity of acid was used, the reaction was very slow 
at 25°5°, but took place readily at 50°. With an excess of nitric 
acid, the following results were obtained :' 


ns of. of ft 
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Expt. III. 100% Expt. IV. 50% Excess of 
nce of Excess of HNOs. HNO, and 0:02% of HNO,. 
Time.  %Nitrated. | Time. 9%, Nitrated. 
1e What 10 0 0 0 
55 2-9 40 4-1 
115 35-6 80 22-5 
152 80-0 120 52-5 
195 102-6 160 76-0 
trated, 190 89:0 
0 220 96-5 
4 240 99-0 
0 
Fic. 1. 
te th Effect of nitrous acid upon the nitration velocity of phenol. 10 Per cent. 
; “ solution in absolute alcohol. Temperature 25-5°. 
ion ig 
ybtain : 
bable 80 F I 
acid : Ps oat 
small 70 F 
ined, ; : a A ae LS 
2 oof f 
g E i: 
3 504 
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ties 0 Sussereu sears fii feesut ponens Tipit itj-it TLIC ITITiT ryt + 
ted 6U 1s0 300 420 540 660 
For Time in minutes. 
0 — , . , 
ne These results are plotted in Fig.2. They are especially interesting 
ae in that they show that the reaction proceeds during the early stages 
ia more slowly and less regularly in the presence of a large excess of 
‘ d nitric acid alone than in the presence of a little nitrous acid and a 
alf smaller excess of nitric acid. The experiments indicate the 
“ marked auto-catalytic acceleration apparent in the formation of 
ric the nitrophenols, and suggest that the acceleration is due to the 
production of nitrous acid. If this is so, it would seem as if the latter 
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first attacks the phenol with the formation of nitrosophenol, which 
reacts subsequently with nitric acid : 


NO-C,H,-OH + HNO, = NO,-C,H,-OH + HNO,. 


This explanation is feasible when one considers the great readiness 
with which p-nitrosophenol is formed by the action of nascent 
nitrous acid even at low temperatures. But as the main product 
of the interaction of nitrous acid and phenol is the p-nitroso. 
compound, one would expect p-nitrophenol to be the principal 


Fia. 2. 


Effect of excess of HNO, upon velocity of nitration. 10 Per cent. 
phenol in absolute alcohol. Temperature 25-5°. 
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Time in minutes. 


isomeride obtained by the nitration of phenol. To test this, the 
velocity of nitration of phenol in the presence of a small quantity 
(0-05 per cent.) of freshly prepared p-nitrosophenol was determined. 
It was found that the velocity of reaction was almost exactly the 
same as that of solutions of phenol and pure nitric acid alone. 
Therefore the reaction must proceed in some other way than by the 
intermediate formation of this compound. It is possible that the 
reaction might be expressed by the equations 


HNO, + HNO, == N,0, + H,O 
C.H,-OH + N,0, = NO,-C,H,-OH + HNO,,. 
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It should be remembered that nitrations may be carried out with 
nitrogen tetroxide. Finally, in order to prove that the auto- 
acceleration of the reaction was caused by the formation of small 
quantities of nitrous acid, the velocity of the reaction was measured 
in the presence of carbamide, hydrazine sulphate, and phenyl- 
hydrazine hydrochloride. With carbamide (0-5 per cent.), the 
reaction was considerably retarded, but not inhibited entirely. 
The reaction was entirely prevented by the presence of 0-5 per cent. 
of hydrazine sulphate, although this is practically insoluble in 
alcohol, and by the presence of 0-5 per cent. of phenylhydrazine 
hydrochloride (primary hydrazines readily react with nascent 
nitrous acid to form unstable nitroso-derivatives). 


Conclusion. 


It would seem, therefore, to be beyond dispute that the nitration 
of phenol is auto-catalytic, and that this is due to the formation 
of nitrous acid by subsidiary reaction. The nitration may be 
prevented by the presence of small quantities of hydrazine and its 
derivatives in the same way that the dissolution of metals in nitric 
acid is inhibited by the addition of urea (Veley, Proc. Roy. Soc., 
1890, 46, 216). 


The author wishes to acknowledge his indebtedness to Mr, J. B. 
Coleman and Dr. J. C. Crocker, who have afforded him every 
facility for carrying out this work. 


CHEMICAL RESEARCH LABORATORIES, 
CHELSEA POLYTECHNIC, 8.W. 3. [Received, August 20th, 1923.] 


CCCLXVIII.—Some Derivatives of the Vinyldiaceton- 
alkamines. 


By FREeDERIC STANLEY KIPPING. 


Durine the war, in view of the deficient supply of mydriatics, the 
author undertook the preparation of euphtalmin and of related 
substances, which might be of physiological importance. 
Euphtalmin is a mydriatic, prepared by methylating the labile 
form of vinyldiacetonalkamine (4-hydroxy-2 : 2 : 6-trimethylpiper- 
idine) and then converting the N-methyl base into its mandelic 
ester. Harries, who first obtained the compound, treated the 
labile piperidine base with methyl iodide (2 mols.) and isolated 


the N-methyl derivative in crystals melting at 70—72° (Annalen, 
5 L*2 
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1897, 296, 328). The yield, although not given, was evidently , 
poor one, owing to the formation of the quaternary iodide. 

The investigation of this method showed that in warm methyl. 
alcoholic solution the labile base gives an almost immediate 
precipitate of the crystalline quaternary salt; at the ordinary 
temperature, also, the principal product is the methiodide of the 
N-methyl base. When one equivalent of methyl iodide is used 
a large proportion of the original substance remains unchanged 
and its separation from the N-methyl] base is rather troublesome. 
Methyl sulphate, also, gives very little, if any, monomethy] 
derivative. 

It was then found that the labile base could be converted into 
the desired product with the aid of formaldehyde, which, as Esch. 
weiler has shown (Ber., 1905, 38, 880), is a most useful methyl. 
ating agent at high temperatures in presence of acids. In this 
case, however, methylation took place very easily and practically 
quantitatively when the base was merely heated with formalin on 
a water-bath and the pure methyl derivative was obtained with 
great facility (m. p. 78°). 

The conversion of the N-methyl derivative into its mandelic 
ester was accomplished under the conditions used by Harries 
(Ladenburg’s method); the euphtalmin thus obtained melted at 
113°, but sintered at 108°, as observed by Harries, and seemed to 
be a mixture, which, in view of the asymmetric groups in the 
molecule, is not surprising. The tropic ester and the benzilic 
ester of the methyl base were also prepared, and the former, 
according to a report for which the author is indebted to Dr. 
Dale, F.R.S., was found to be superior to euphtalmin as a mydriatic 
in cats. 

Since the labile base (m. p. 162°) could be so easily transformed 
into its N-methyl derivative, the stable isomeride (m. p. 138°) 
was also treated with formalin with the object of preparing from 
the product some N-methyl-f-eucaine. The reaction was carried 
out as before; the product in this case was an oil, but it gave a 
crystalline hydrochloride, which appeared to consist entirely of a 
single substance. The hydrochloride, heated with benzoy] chloride, 
gave a viscous oi] which would not crystallise; the free base as 
well as the sulphate, oxalate, and other salts showed a similar 
behaviour, which contrasted very markedly with that of #-eucaine 
and its salts. The cinnamate, on the other hand, crystallised very 
readily and an examination of this salt proved that the benzoyl 
derivative was practically homogeneous and was that of the N-methyl 
base. The hydrochloride of this N-methyl-f-eucaine, prepared from 
the pure cinnamate, was then obtained in a crystalline form; its 
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action was kindly examined by Dr. Dale, but it was found to be 
definitely inferior to B-eucaine as a local anesthetic. 

Preparation of 4-Hydroxy-1 : 2 : 2 : 6-tetramethylpiperidine—From 
the mixture of bases obtained by the reduction of vinyldiaceton- 
amine oxalate with sodium amalgam and water, the labile alkamine 
(m. p. 162°) can be easily isolated if, instead of adding acid during 
the process, some concentrated sodium hydroxide solution is used ; 
the solubility of the labile base is thereby diminished to such an 
extent that it separates in crystals together with the sodium oxalate 
and can be extracted from the latter with boiling benzene. The 
extracts give a product melting at about 155° which after one 
reerystallisation usually affords a pure preparation; the stable 
base, and also a considerable proportion of the labile form, remain 
in the aqueous alkaline solution of the reduction product. 

As stated above, the methylation of the labile base by the method 
described by Harries and also methylation with methyl sulphate 
give very unsatisfactory results. For the preparation of the 
N-methyl derivative, the base is heated on the water-bath with 
about twice its weight of a commercial 40 per cent. solution of 
formaldehyde; the base gradually dissolves and bubbles of gas 
escape slowly. At the end of about three hours, the solution is 
evaporated almost to dryness, the glue-like mass is treated with a 
little solid sodium hydroxide to decompose the formate present, 
and then extracted with boiling light petroleum; this extract 
gives an almost colourless deposit of practically pure N-methyl 
derivative and the yield is almost theoretical, the only by-product 
being an oily substance which does not dissolve readily in boiling 
light petroleum; after recrystallisation from ether, the base melts 
at 783—79°. 

The mandelic ester of the methyl-base (euphtalmin) was pre- 
pared by the process used by Harries (loc. cit.); after recrystallis- 
ation from ether, it melted from 108—113°. 

The tropic ester, CsNH,,0°CO-CHPh:-CH,:OH, was obtained by 
adding excess of tropic acid to a solution of the methyl base in 
excess of hydrochloric acid, evaporating on the water-bath, and 
heating the residue during some twelve hours with the occasional 
addition of a few drops of hydrochloric acid. When the product 
was stirred well with water and a little dilute acid, a thick oil 
separated, and the filtered acid solution gave with excess of sodium 
carbonate a crystalline precipitate of the tropic ester, but the 
yield was very poor. The ester was recrystallised, first from ether 
and then from aqueous methyl alcohol; it melted fairly sharply 
at 110—111° and was soluble in dilute hydrochloric acid; its 
behaviour towards organic solvents was similar to that of euph- 
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talmin. The oily by-product (see above) was not appreciably 
soluble in dilute hydrochloric acid or in sodium carbonate, but it 
was slowly hydrolysed by a concentrated solution of sodium hydr. 
oxide, giving basic vapours and apparently a solution of tropic 
acid; it was not examined further. This is possibly the substance 
described as tropyl-N-methylvinyldiacetonalkamine in a German 
patent (Centralblatt, 1898, I, 968) as an “ erstarrendes Oel.” 

From the results of several experiments in which the mydriatic 
action of this tropate was directly compared with that of euph. 
talmin, Dr. Dale found that the former was superior to the latter 
in cats, both in the rapidity and in the extent of its action, but that 
its effect was altogether below that of atropine or even homatropine, 

The benzilic ester of the N-methyl derivative was prepared by 
evaporating a solution of the base in excess of hydrochloric acid 
with benzilic acid and then heating the residue on a water-bath 
during some ten hours. The syrupy product, treated with an 
excess of a dilute solution of sodium carbonate, gave an oily pre- 
cipitate, which gradually solidified and was then separated and 
washed. It was recrystallised from ethyl acetate, from which it 
separated in large, flat, very brittle prisms, melting sharply at 
156—157° and rather sparingly soluble in cold alcohol, even less 
soluble in ether; it dissolved in hydrochloric acid and was repre. 
cipitated by sodium carbonate solution as a fine, crystalline powder 
(Found: C=743; H=8-0. C,3H,0,N requires C = 75-2; 
H = 7-9 per cent.). Five grams of the methyl base gave about 
0-6 gram of the benzilic ester, but more could be obtained by 
working up the original alkaline filtrate. 

4-Benzoyloxy-1 : 2 : 2 : 6-tetramethylpiperidine—The methylation 
of the stable form of vinyldiacetonalkamine (m. p. 138°) with 
formalin was carried out as described in the case of the labile base, 
but the treatment was more prolonged. As the product was very 
readily soluble in light petroleum, from which it separated as an 
oil, the crude methyl derivative was repeatedly evaporated with 
hydrochloric acid, until free from formaldehyde, and the crystalline 
residue washed with alcoholic ether. The hydrochloride of the 
N-methyl derivative was thus obtained in crystals melting at 
about 208° and the yield was almost theoretical; the salt was 
very readily soluble in cold water, much less soluble in cold alcohol; 
from the latter it separated in large, pyramidal crystals and then 
melted at 213—214°. 

The crude hydrochloride was heated with excess of benzoyl 
' chloride; only a slow reaction occurred at about 130°, so the 
mixture was heated at about 160° during an hour, at the end of 
which time the evolution of hydrogen chloride had ceased. The 
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product, freed from unchanged benzoyl chloride by extraction 
with ether, was a glue-like mass readily soluble in cold water and 
did not crystallise when the solution was evaporated, although 
judging from the yield the salt could not have contained much, if 
any, unchanged methyl derivative. The base, liberated by alkali 
and extracted with ether, was an oil (Centralblatt, 1898, II, 693) 
which did not crystallise in the course of some weeks; it was 
transformed into its sulphate, oxalate, and other salts, but none 
of these showed any signs of crystallising from water. 

The cinnamate, on the other hand, crystallised immediately, so 
the whole of the crude hydrochloride was converted into this salt 
by precipitation with a slightly alkaline solution of sodium cinnam- 
ate. The fractional crystallisation of this product from aqueous 
alcohol showed that it was homogeneous (except for traces of 
cinnamic acid) and a direct comparison of the salt with the cinnam- 
ate of B-eucaine (which crystallised in large tablets and melted at 
160—161°) showed that the treatment with formalin had resulted 
in the complete conversion of the stable base into the N-methyl 
derivative. 

4-Benzoyloxy-1 : 2 : 2 : 6-tetramethylpiperidine cinnamate separates 
from aqueous methy] alcohol in lustrous plates and needles melting 
at 83—-84°, and is only very sparingly soluble in water, but dis- 
solves freely in aqueous acetone and in moist ethyl acetate (Found : 
C= 73:3; H=7-6. C,;H,,0,N requires C = 73-3; H = 7-6 per 
cent.). The base, prepared from the pure cinnamate, is a thick 
oil; its hydrochloride separates from a mixture of acetone and ethyl 
acetate in slender needles melting at about 195°, and although not 
hygroscopic, is extremely soluble in water and in methyl alcohol, 
and very readily soluble in acetone. 

Dr. Dale’s report on this preparation was as follows: “‘ The 
substance, N-methyl-8-eucaine hydrochloride, was tested in com- 
parison with @-eucaine lactate for its power of producing anesthesia 
in the cornea of the rabbit, when locally applied. It was found to 
have a distinct local anesthetic action, but definitely inferior to 
that of B-eucaine, especially by reason of the extreme evanescence 
of the effect. As regards the completeness of the anesthesia, we 
found it necessary to employ a 2 per cent. solution to produce an 
effect of about the same depth as 0-5 per cent. $-eucaine.” 


University CoLLeGE, NorrincHaM.  [Received, September 27th, 1923.] 


3120 HAWORTH AND WYLAM: THE CONSTITUTION OF THE 


CCCLXIX.—The Constitution of the Disaccharides, 
Part IX. Gentiobiose: Its Identity with 
Amygdalin Biose. 


By Wa.ttTeR Norman HawortH and Birkett WYLAM. 


GENTIOBIOSE, one of the most rare of the natural disaccharides, 
has been synthesised by the action of emulsin on glucose, but its con. 
stitution has remained unknown (Bourquelot, Hérissey, and Coirre, 
Compt. rend., 1913, 157, 732). For the purpose of the present 
research, the sugar was prepared by the lengthy process of fermenting 
the trisaccharide, gentianose, which had been extracted from gentian 
root. The best process hitherto available for this purpose, that of 
Hudson and Johnson (J. Amer. Chem. Soc., 1917, 39, 1274), yielded 
only 1 per cent. of the octa-acetate of the biose. By a modification 
of their procedure we have been able to increase the yield to more 
than 3 per cent. 

In Part VI of this series of researches on ‘‘ The Constitution of 

the Biose of Amygdalin,” it was stated that the structure of gentio- 
biose was under investigation in these laboratories with the intention 
of deciding whether its structure corresponded with that of maltose, 
and, if this were found to be the case, then gentiobiose, which 
is a glucose 8-glucoside, would be the stereoisomeride of maltose, 
and identical with the biose of amygdalin. Although definite 
evidence was lacking that in the amygdalin biose the two hexose 
residues were united by a {-linking, it was apparent that, whilst 
maltose and the biose of amygdalin possessed the same structural 
arrangement, these two sugars could not be identical. Most of the 
known §-glucosides of maltose are dextrorotatory, but amygdalin 
and also amygdalinic acid are levorotatory glucosides, and the 
sign of rotation of the latter could not be greatly influenced by the 
aromatic residue, which, moreover, in the case of amygdalinic acid, 
is racemic. 
_ Confirmation of this surmise has appeared in the interim. Kuhn 
(Ber., 1923, 56, [B], 857) has studied the rotation changes undergone 
by amygdalin in the presence of emulsin, and has arrived at the 
conclusion that amygdalin biose is a glucose £-glucoside, having 
the structure which Haworth and Leitch have already formulated. 

There was still wanting a solution to the problem as to the 
identity of amygdalin biose with some known disaccharide, and in 
the course of our work we have been able to establish the fact that 
the disaccharide which is present in amygdalin is, indeed, gentio- 
biose. The steps which have led to this decision may briefly be 
enumerated. Gentiobiose passes by methylation into heptamethyl 
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nethylgentiobioside, a crystalline compound showing [«], = — 33-9° 
in water. Cleavage of this crystalline derivative with dilute 
mineral acid leads to the isolation of two methylated glucoses, one 
of them being recognisable as the usual form of 2:3:5:6- 
tetramethyl glucose (IV) and the other being 2:3: 5-trimethyl 
glucose (III), which readily gives a crystalline glucoside melting at 
92—95°. Both these methylated glucoses had previously been 
isolated on two occasions as cleavage products of methylated maltose 
and amygdalin biose, and to each of these disaccharides the 
structural formula I has already been allocated by determination 
of the constitution of the degradation products (Haworth and 
leitch, T., 1919, 115, 809; 1922, 121, 1921). Since the latter 
sugar has been shown to be a glucose £-glucoside just as is gentio- 
biose, and as it follows from the present work that gentiobiose is 
also structurally identical with amygdalin biose, it is finally 
established that the latter sugar is in every way identical with 
gentiobiose. The following scheme illustrates the procedure 
adopted in the course of the experimenta! proof : 


H.OH 
CH-OH CH,-OH CH:O:Me CH,"OMe 

f /H-OH CH-OH | Gx1-01%6 CH-OMe 

;GHOH (H— > _. ° (H-OMe ‘H- 

LOH H-OH LOH CH-OMe } 
JH‘OH CH-OH | CH-OMe CH-OMe | 
H,—0—CH—— CH,——-0-—— 

HOH 
Gentiobiose (I.) Heptamethyl methylgentiobioside (II.) 

H-OH H-OH 

| tiromte [ tar-oMe 

_, 9 (H-OMe ri 0 CH-OMe 

LOH LCH 
CH-OMe CH-OMe 
CH,-OH CH,-OMe 


2:3:5-Trimethyl glucose (ITI.) 2:3:5:6-Tetramethyl glucose (IV.) 


Amygdalin must therefore be represented as mandelonitrile 
8-gentiobioside, or mandelonitrile $-glucose-6-8-glucoside. We are 
at present engaged on the problem of the synthesis of amygdalin, 
and we have succeeded in establishing. the identity of hepta-acetyl 
amygdalinic ethyl ester, prepared from amygdalin, with a synthetic 
compound obtained by condensing ethyl mandelate with hepta- 
acetyl B-gentiobiose, This work will form the subject of a later 


communication. 
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Invertase hydrolyses the trisaccharide gentianose to gentiobiose 
and fructose, but some emulsin preparations effect the cleavage in 
another part of the molecule, yielding sucrose and glucose. Since 
sucrose is then a constituent part of the molecule of gentianose, this 
latter sugar may be regarded as having the constitution shown 
below : 

CH,"OH H,-OH 
wo ” Ota HOH  CH-OH 
[mn OH te OH — 


CH-OH CH CH-OH 
| (HOH ‘H-OH ‘H-OH | 
H, ~~ 
Sucrose. Gentiobiose. 


Gentianose. 


EXPERIMENTAL. 
Preparation of Gentiobiose. 


At the outset the procedure described by Hudson and Johnson 
(loc. cit.) leading to the isolation of gentiobiose was imitated. On 
the grounds of the expense involved in this process, due to the 
quantities of pure methyl and ethyl alcohols recommended by these 
workers, it was found essential to modify considerably the means of 
extraction. Not only have the modifications furnished a cheaper 
method of obtaining gentiobiose, but it is gratifying to observe that 
the yield of product has been increased to three times the amount 
which had previously been obtained by Hudson and Johnson. 

The following is the procedure which was finally adopted in the 
course of this work. Finely powdered gentian root (Gentiana lutea) 
(200 grams) was placed in a large flask along with two litres of water. 
Fresh yeast (20 grams) was added in two portions during twenty- 
four hours and the mixture was maintained at 30° for two days. 
Following the addition of 100 c.c. of basic lead acetate solution 
(d = 1-25), the mixture was filtered and the dissolved lead pre- 
cipitated with hydrogen sulphide, and excess of the latter reagent 
was removed by means of a current of air. Decoloration of the 
solution was effected by filtering through a column of charcoal and 
thereafter the solvent was removed under diminished pressure, 
whereupon a brown syrup was obtained. This was extracted with 
five separate quantities, each of 200 c.c., of dried and purified 
methylated spirits; the five extracts were united and yielded, 
after distillation of the solvent under diminished pressure, a brown 
gum weighing about 17 grams, which contained gentiobiose. This 
was now acetylated by digesting during four hours with 70 grams of 
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rectified acetic anhydride containing also 4 grams of freshly fused 
sodium acetate. When cooled and poured into water, the reaction 
mixture deposited after three days a pasty, crystalline mass. This 
was collected, roughly dried, and extracted with ether, which 
removed much impurity in the form of a dark gum, whilst the 
crystals remained undissolved. The latter were washed with ether, 
dissolved in hot 90 per cent. ethyl alcohol, and this solution was 
decolorised with charcoal. On cooling, 8—9 grams of colourless 
crystals of gentiobiose octa-acetate were collected, melting at 191— 
192°, and this weight represented the yield from 200 grams of gentian 
root as compared with a yield of 2°5 grams quoted by the previous 
workers (Found: C= 49-53; H= 5-74; CH,CO = 51-2 per 
cent.). 

Hydrolysis——A process was developed for the removal of the 
acetyl residues from the octa-acetate and this was based upon the 
method described by Maquenne and Goodwin (Bull. Soc. chim., 1904, 
iii], 31, 854) for the regeneration of cellobiose from its octa- 
acetate. 

Potassium hydroxide (12 grams) was dissolved in 40 c.c. of absolute 
alcohol under reflux. To the cooled solution, 10 grams of gentio- 
biose octa-acetate were added and the temperature was maintained 
below 35°. The mixture was kept for two hours, filtered, and the 
solid product, which was the potassium derivative of gentiobiose, 
was washed with absolute alcohol and weighed 15 grams. This 
hygroscopic, white solid, which contained some potassium hydroxide, 
was dissolved in a little tepid water and the solution exactly 
neutralised with perchloric acid. The precipitated potassium 
perchlorate was removed by filtration and the filtrate evaporated 
in a vacuum to a yellow syrup and repeatedly extracted under 
reflux with absolute ethyl alcohol. On removal of the solvent, 
44 grams of syrup were obtained which crystallised. Its identity 
with gentiobiose was verified by preparing the phenylosazone 
(Zemplén, Ber., 1915, 48, 237), and this was found to melt at 
162—167° with decomposition. 


Heptamethyl Methylgentiobioside. 


The colourless, hygroscopic solid derived from gentiobiose octa- 
acetate as already described, and consisting chiefly of the potassium 
derivative of the sugar, was dissolved in water and methylated in the 
same manner as in the case of cellobiose (Haworth and Hirst, 
T., 1921, 119, 193). Two digestions were required with methyl 
sulphate and sodium hydroxide, followed by the use of Purdie’s 
reagents. Immediately on evaporation of the ether employed as 
solvent after the final methylation, the whole of the product crystal- 
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lised in colourless needles, which were purified from light petroleum 
(b. p. 45—60°), and melted at 106° (Found : C = 52-88; H = 8-32; 
OMe = 54-0 percent. Cy. 9H3,0,, requires C = 52-90; H = 8-37; 
OMe = 54-6 per cent.). The above figures corresponded with those 
required by a completely methylated biose, and the compound 
was therefore heptamethyl methylgentiobioside. It was devoid 
of action towards Fehling’s solution. Polarimetric data were 
recorded : 

[«]) = — 33-9° »n water, — 29-9° in ethyl alcohol, — 30-0° in 
methyl alcohol, and — 27-0° in acetone (c = 0-57). 


Isolation of the Hydrolysis Products of Heptamethyl Methylgentiobioside. 


The conditions established for the hydrolysis of the bioside were 
as follows. Aqueous hydrochloric acid (5 per cent.) was mixed with 
the methylated gentiobiose in quantities which yielded a solution 
containing 0-7 per cent. of the sugar. This was maintained at 
90—95°, and the rotation changes were charted. 


Time (mins.) ... 10 75 105 135 170 200 
Re eccsndderecesee — 22-9° + 25-0° + 40-3° + 51:3° + 61:5° -+ 68-8° 
Time (mins.) ... 230 260 290 350 

TOS Sedewdevsiccess + 72-5° + 74:2° + 754° + 76-5° (constant). 


A graph representing these specific rotation values plotted against 
the time period shows the usual logarithmic curve. 

When hydrolysis was completed the solution was neutralised 
with barium carbonate, filtered, and concentrated under diminished 
pressure. The greater part of the inorganic material was removed 
by precipitation with alcohol and a yellow syrup was finally obtained. 
Traces of mineral matter were removed from the latter by solution 
in dry ether. On evaporation of the solvent the syrup partly 
crystallised, and repeated extraction with light petroleum separated 
the product into two approximately equal parts; needle-shaped 
crystals were deposited from the petroleum extract, whilst the 
residual portion was a yellow, viscid syrup. 

The crystals were purified from light petroleum containing a trace 
of ethyl acetate and yielded colourless needles melting at 88-5°. 
The properties of this compound were in close agreement with those 
of crystalline tetramethyl glucose (IV), and a mixed melting-point 
determination confirmed this view (Found: C = 50:74; H = 8-42; 
OMe = 52-40 per cent.). Polarimetric determinations showed the 
specific rotation to be -+ 85-2° in water (c = 1-9), falling after 
catalysis to the equilibrium value, [«], = + 83-05°. 

Attempts to crystallise the liquid portion having failed, it was 
decided to prepare from it the methylglucoside. With this end in 
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view, a 1 per cent. solution of the sugar was made in 0-5 per cent. 
methyl-alcoholic hydrogen chloride. This was sealed into a thick 
glass tube and heated for twelve hours at 110°. Thereafter the 
contents were neutralised with freshly prepared silver carbonate 
and filtered. Removal of the solvent yielded a yellow syrup which 
distilled at 108°/0-01 mm., and the distillate crystallised immediately 
on nucleation with a crystal of 2 : 3 : 5-trimethyl 8-methylglucoside. 
This compound was recrystallised from light petroleum and showed 
a melting point of 92-5°, and a mixed melting-point determination 
with 2: 3: 5-trimethyl 8-methylglucoside prepared from amygdalin 
showed no depression (Found: C = 51:27; H = 8-65; OMe = 
51-6 per cent.). 

[x]5° = — 25-1° in methyl alcohol. 

There could therefore be no doubt that this second cleavage 
product was 2:3: 5-trimethyl glucose (III), since this gives rise 
on oxidation to a trimethyl saccharolactone, 
eT 

t) 


The authors are greatly indebted to the Department of Scientific 
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to participate in this work. 
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CCCLXX.—The Constitution of Raffinose. 


By Water Norman Hawortu, EpmunD LaneGLrey Hirst, and 
Davip ARTHUR RUELL. 


RAFFINOSE is the most important of the trisaccharides, and its 
relationship to sucrose renders a determination of its constitution 
of peculiar interest in view of the new constitutional formula 
which has been assigned to sucrose by Haworth and his co-workers. 
It occurs in sugar beet and accumulates in the molasses, from 
which it is not removed by the strontium hydrate treatment. It 
is present, also, in eucalyptus manna, and in the leaves of the 
common yew (Taxus baccata), but the most fruitful source of 
raffinose is cotton seed. From decorticated cotton-seed meal it 
has been extracted for the purpose of the present work. 

Raffinose yields on hydrolysis with dilute acids, melibiose and 
fructose; and with stronger acids, the hexoses galactose, glucose, 
and fructose are formed in equal proportions. With emulsin, it 
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changes into sucrose and galactose, .whilst invertase converts the 
trisaccharide into melibiose and fructose. 

It will be clear from the above observations that raffinose is a 
complex containing galactose and fructose residues situated on 
either side of a glucose residue, and the linking between galactose 
and glucose must be of the $-type, since this is severed by emulsin. 
On the other hand, the linking which joins fructose to glucose 
must be similar to that in sucrose, since this union undergoes 
scission by means of invertase. 

When raffinose was completely methylated, under the conditions 
described in this communication, eleven methoxyl groups were 
introduced, and the hendecamethyl raffinose was a viscid syrup 
distilling at 238—240°/0:02 mm., having mp 1-4689, and [c], 
+ 128-4° in water. During the methylation with methyl sulphate, 
neutral conditions were observed as far as was possible, but owing 
to the development of local acidity, a small proportion only of the 
sugar was degraded to melibiose and fructose. With use of 1 per 
cent. aqueous hydrochloric acid, the methylated raffinose was 
hydrolysed, and yielded three methylated fragments which were 
recognised to be tetramethyl galactose, giving a crystalline anilide 
identical with that derived from methylated lactose; secondly, a 
trimethyl glucose, which gave a crystalline glucoside, identical 
with that isolated from methylated amygdalin and consequently 
having the structure of 2 : 3 : 5-trimethyl glucose (butylene oxidic) ; 
thirdly, a tetramethyl fructose, which was dextrorotatory and 
identical with that obtained from methylated sucrose, so that this 
fructose fragment contained an amylene oxide ring structure. On 
the basis, therefore, of previous work with other sugars, it was 
easily possible to assign a structural formula to raffinose, since the 
degradation products could all be compared with other authentic 
specimens which were in our possession and for which the structural 
formule have been ascertained by oxidation methods. 

The steps which have led to the allocation of the constitution I 
to raffinose are indicated on p. 3127. 

The tetramethyl galactose formula (V) is represented as con- 
taining an amylene oxide ring, since its lactone is dextrorotatory, 
and must thus have its oxide ring engaging the hydroxyl group 
attached to the fifth carbon atom as shown by Pryde (this vol., 
p. 1808). It would be more correct to represent the Hudson rule 
as requiring that a lactone having its oxide ring on the right should 
show a greater dextrorotation than the acid from which it is formed, 
and it has been ascertained that this is the case. The usual form 
of tetramethyl galactose must therefore be represented as having 
methoxyl groups in the positions 2:3:4:6 and not 2:3:5:6 
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as was formerly thought to be the case, and the lactose and meli- 
biose formule should now be modified to conform with this view. 


CH, OH Po ce CH,OH 

¢——— CH-OH Cs 

| Ga -OH y a OH CH-OH | 

CH-OH LCH CH-OH 9 

| (H-OH CH-OH “H: | 

LCH, CH, O 
Raffinose (I.) 


CH, ‘OMe 
re <i [cu -OMe 
} CH: OMe CH-OMe : | 
}H-OMe CH Oa. .0Me 
y CH-OMe CH-OMe CH-OMe | 
“CH, CH, O——CH 


Hendecamethyl] raffinose (II.) 


“OH 'H-OMe ae 


CH,-OMe [ficou CH,-OMe- 
CH-OMe ) CH-OMe CH-OMe 


te OMe 7 LOH CH-OMe 


CH-OMe CH: ‘OMe CH-OMe | 
LOH, CH-OH CH-OH-- 
Tetramethyl y-fructose 2:3:5-Trimethyl 2:3:4: 6-Tetramethyl 
(IIT.) glucose (IV.) galactose _ (V.) 


Sucrose Melibiose 


From this determination of the structure of raffinose, it may be 
inferred that the constitution of melibiose proposed by Haworth 
and Leitch (T., 1919, 115, 809) receives substantial confirmation, 
but inasmuch as structural changes may occur in the resulting 
disaccharide when the fructose residue is eliminated from raffinose, 
it has been thought desirable to undertake a separate investigation 
of melibiose, which is now in progress. 


ExPERIMENTAL. 


Preparation of Raffinose—The method of preparation adopted 
resembled that described by Hudson and Harding (J. Amer. Chem. 
Soc., 1914, 36, 2110), using decorticated cotton-seed meal as the 
source of the sugar. The yield of crystalline raffinose hydrate 
from 14-5 kilos. of cotton-seed meal was 341 grams, which melted at 
77—78° and showed [«], + 101:5°. The ash content was 1-4 per 
cent. The figures for pure raffinose are m. p. 78°, [«]p + 104°. 
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A sample of these crystals was purified by recrystallisation and 
gave pure anhydrous raffinose melting at 118°. This contained 
0-41 per cent. of ash and showed [a], + 123° (c = 2). 

Methylation of Raffinose——Raffinose hydrate, in quantities of 
30 grams, was dissolved in a little water, and methyl sulphate 
(100 c.c.) was added very slowly, along with the equivalent quantity 
of alkali (100 grams of sodium hydroxide in 30 per cent. solution), 
During the procedure, which occupied about four hours, the tem. 
perature was maintained at 70°, and the mixture was thoroughly 
agitated by mechanical stirring. When the whole of the reagents 
had been added, the solution was heated for an hour at 100°. On 
cooling, sodium sulphate separated, and the supernatant liquor 
was decanted and extracted thrice with chloroform. The separ. 
ated solid was also extracted with this solvent. The united chloro- 
form extracts were dried and evaporated, and yielded only 20 
grams of a syrup. The poor yield at this stage showed that much 
of the product remained in the aqueous solution and this was 
verified by a polarimetric reading. Consequently, the aqueous 
portion was evaporated and the residue, after powdering, was 
extracted with absolute alcohol under reflux. This treatment 
yielded a yellow syrup weighing 15-3 grams and containing only 
little mineral matter. The collected chloroform extracts were 
subjected to further methylation with methyl sulphate, and like- 
wise also the syrup, extracted with alcohol, from the aqueous 
portions. In all, 105 grams of raffinose hydrate were methylated, 
corresponding to 94 grams of raffinose, and the total amount of 
syrup collected after two methylations was 80 grams. After one 
methylation with silver oxide, the product contained 46-7 per 
cent. of methoxy]. In order to ensure complete methylation, this 
material was again treated three times with Purdie’s reagent. 

Isolation of Hendecamethyl Raffinose——The product arising from 
the repeated methylation of raffinose was purified by fractional 
distillation, and this operation was conducted several times with 
methylated products prepared on separate occasions. The follow- 
ing example serves to illustrate the general procedure. The dis- 
tillate from 15 grams was collected in three fractions, which are 
indicated below along with their physical properties. 


Boiling point. Weight. mp. 
Fraction 76—150°/0-15 mm. 0-65 gram 1-4594 
Fraction II 179—226°/0-1 mm. 3-2 grams 1-4660 
Fraction III 238—240°/0:02 mm. 7:7 _ «,, 1-4680 


The first two fractions distilled as colourless liquids from an 
oil-bath, but the third fraction required the use of a metal-bath, 
by the aid of which the distillation proceeded steadily, yielding 
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what proved to be the hendecamethy]l raffinose which, on cooling, 
changed from a faintly coloured liquid to a viscid, amber syrup. 
There remained in the distilling flask a brown residue weighing 
about 3 grams and this was collected with other similar residues 
left from a corresponding distillation, when together they yielded 
a further quantity of the material represented by fraction III. 
Fraction I gave rise on further rectification to a mobile liquid 


tem. 

ghly distilling at 82°/0-07 mm. and having ny 1-4628; it gave analytical 
ents figures agreeing with those of a tetramethyl hexose. Fraction II 
ji On crystallised on keeping, and, after purification from light petroleum, 


melted at 78° with previous sintering at 72-5°. Analysis showed 
that this crystalline compound was a completely methylated 
disaccharide (melibiose). 

A more detailed examination of the main fraction, III, was 


uch undertaken, and the analytical evidence indicated that this was 
was a completely methylated specimen of raffinose containing eleven 
ons methoxyl groups (Found: C = 52-69; H = 8-18; OMe = 49-9. 
was Co9H 5401, requires C = 52:9; H = 8-2; OMe = 51°8 per cent.). 
ent The optical rotations showed appreciable variation under different 
nly temperature and concentration conditions, a circumstance which 
ome is to be attributed to the presence of fructose and galactose residues 
a. in the compound. 
Us [a]p. Temp. Solvent. C. 
od + 126-1° 18-5° Water 1-838 

: 128-4 16-5 Water 1-005 
of 112-1 18 Ethyl alcohol 1-05 
ne 112-7 16 Ethyl alcohol 1-05 
er The completely methylated raffinose had no reducing action on 
Lis Fehling’s solution and showed no tendency to crystallise. It 

remained over a long period without darkening as an amber-yellow, 

m viscid syrup. Its behaviour towards hydrolytic agents indicated 
al that it was less sensitive than methylated sucrose. Hydrochloric 
h acid of 0-5 per cent. concentration had little effect at 80°. On the 
y. other hand, it was hydrolysed with considerably greater ease than 
3. methylated reducing disaccharides like maltose or lactose. Using 
e 1 per cent. hydrochloric acid, no change was observed in the polari- 


metric readings until a temperature of 85° was reached. 


Isolation of the Cleavage Products of Hendecamethyl Raffinose. 

After a series of preliminary experiments designed to effect 
complete hydrolysis of hendecamethyl raffinose under conditions 
of temperature and of acid concentration which would not impair 
the yield or purity of the cleavage products, the following con- 
ditions were finally adopted. The hydrolysing medium was 1 per 
cent. aqueous hydrochloric acid containing 2 per cent. of the 
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methylated sugar in solution. This mixture was heated under 
reflux on a water-bath at 90°, and polarimetric readings were taken 
during a period of twenty-two and a half hours. From these records, 
which are reproduced below, it appeared that the rotation reached a 
constant value after eighteen and a half hours, when the specific value 
showed a diminution from + 116° to 82°. If the latter figure be 
corrected for the weight of hexoses generated, it appears as + 77-5°, 


Hours ...... 0 5 9 10 I15$ 16$ I18f 20$ 22} 
gt Alaa + 116-2° 102-8° 94-4° 93-0° 86-4° 84-2° 82-1° 82-1° 82-1° 


On the completion of this hydrolysis, the solution was neutralised 
with barium carbonate, and the filtrate from the mineral matter 
was concentrated at low temperature and pressure until the barium 
chloride could be conveniently removed by the addition of alcohol. 
Repeated treatment with absolute alcohol produced a filtrate which 
was free from mineral salts, and evaporation of the alcohol left a 
syrup which was completely soluble in dry ether. Distillation of 
the latter solvent yielded a straw-yellow, mobile syrup which 
represented 80 per cent. of the original weight of methylated 
raffinose. This was divided into three fractions on distillation; 
the first of these was collected at 117—120°/0-035 mm. and showed 
Ny 1-4567; the second distilled at 132—135°/0-4 mm. and showed 
ny 1-4676, and there remained as residue an approximately equal 
amount, which was not distilled but was purified by glucoside 
formation. Redistillation of the first fraction gave a pure, colour- 
less liquid, boiling at 110°/0-2 mm., having ny 1-4558, and a specific 
rotation of + 31-7° (final value). The combined analytical data 
and general behaviour proved the identity of this cleavage product 
with tetramethyl y-fructose (III) (Found : OMe = 49-0 per cent.). 
It reduced neutral permanganate freely, and behaved in other 
respects in exactly the same manner as a specimen of this compound 
prepared from methylated sucrose (Haworth, T., 1920, 117, 199). 

The second fraction and the still residue, indicated above, 
evidently contained both the galactose and the glucose fragments 
and, although the fractional distillation led to a rough separation 
of these two products, the second fraction mentioned above was 
evidently not quite homogeneous. It consisted largely of a tetra- 
methyl hexose, and on digesting for three hours with five times 
its weight of aniline and sufficient absolute alcohol to make a 5 per 
cent. solution of the sugar, a crystalline anilide separated as long, 
slender needles, which were purified from ethyl acetate. The 
anilide melted at 192° and showed [a]? — 83-0° in acetone (c = 
0-606). After two hundred hours, the specific rotation had changed 
to the value + 40-0°. These data corresponded exactly with those 
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of the anilide of tetramethyl galactose (V) (Haworth and Leitch, 
T., 1918, 113, 188), which had been prepared from lactose, and a 
mixed melting point determination with an authentic specimen of 
the anilide, prepared from galactose, showed no depression. 

The still residue, remaining from the previous distillation, 
was a yellow, viscid syrup. This was dissolved in 50 c.c. of 
0-5 per cent. methyl alcoholic hydrogen chloride and heated 
under pressure at 110° for ten hours. At the end of this 
time it no longer reduced Fehling’s solution, and had heen con- 
verted into a methyl glucoside. On neutralisation of the actd with 
silver carbonate and evaporation under diminished pressure, a 
liquid was obtained which distilled at 109°/0-05 mm. and showed 
Ny 1-4562, and this partly crystallised on keeping, yielding slender, 
colourless needles, which could be easily separated from the liquid 
portion. On purification from light petroleum, they melted at 
74° and showed [«]}\’ — 24-8° in methyl alcohol (Found: OMe = 
51-5 per cent.). The crystalline product showed the behaviour of 
a trimethyl methylglucoside and resembled very closely the product 
isolated by Haworth and Leitch from methylated amygdalin. The 
specimen of 2:3: 5-trimethyl 8-methylglucoside obtained by these 
authors was mixed with a portion of the crystals isolated as described 
above and a melting-point determination showed no depression. 
It was therefore clear that the product consisted of a methyl deriv- 
ative of 2:3: 5-trimethyl glucose (IV), and consequently this 
sugar represents the glucose fragment from the original methylated 
raffinose. The uncrystallised portion of the glucoside was evidently 
the «-form of the glucoside of this sugar. 


The authors are grateful to the Carnegie Trust for a scholar- 
ship and to the Armstrong College Council for a fellowship which 
enabled two of the authors to engage in this work. 


UNITED COLLEGE, 
UNIVERSITY or St. ANDREWS. 
[ Received, November 5th, 1923.] 


UNIVERSITY OF DURHAM, 
ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. 


CCCLXXI.—Condensation of Aldehydes with Cyano- 
acetamide. 


By RonaLp Hamiuron Curtis, James Netson Epmunp Day, and 
LIONEL GEORGE KIMMINS. 


Ir was shown by Thole and Thorpe (T., 1911, 99, 422), Thorpe and 
Wood (T., 1913, 103, 1586), and Kon and Thorpe (T., 1919, 115, 
686) that ketones condense with cyanoacetamide in presence of 
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piperidine to form the six-membered cyclic compounds (I) (95 per 
cent.) and (II) (5 per cent.) by cis and trans addition and sub- 
sequent ring closure. Guareschi has shown that ethyl cyanoacetate 
and ammonia react with ketones, yielding compounds of type (II) 
only, and with aldehydes to give substances of type (IIT) (or rather 
the ammonium salt) as the main product. 

Day and Thorpe (T., 1920, 117, 1465) found that cyanoacetamide 
condensed with acetaldehyde, propaldehyde, and n-butaldehyde to 
form open-chain amides (IV) to the extent of about 99 per cent. 
of the’ total yield. The remaining 1 per cent. consisted of com- 
pounds (I) and (III). In the case of benzaldehyde, however, no 
trace of a compound (IV) could be obtained, the product being 
either the compound (V) or a mixture of (III) and (VI). There 
thus appears to be a very marked difference in the behaviour of 
aliphatic and aromatic aldehydes with cyanoacetamide. An inter- 
mediate position is occupied by phenylacetaldehyde, which gives a 
product consisting to the extent of 10 per cent. of a substance of 
type (IV), the remainder being of type (V) (Stevenson and Thorpe, 
T., 1922, 121, 1719). 

The behaviour of heptaldehyde and cinnamaldehyde was inves- 
tigated in 1920 by one of us (J.N.E.D.) in collaboration with Pro- 
fessor J. F. Thorpe. It was not possible, however, to finish the 
work at that time, and this author wishes to acknowledge Professor 
Thorpe’s permission to continue the investigation. 

isoButaldehyde has been found to condense in the same way 
as n-butaldehyde. isoValeraldehyde, however, gave only a 30 per 
cent. yield of the compound (I) together with a little of the Guareschi 
compound (III); no open-chain compound (IV) was obtained, 
although substances of this type appear to be characteristic of these 
condensations. The difference of behaviour in the two aldehydes 
is at present inexplicable. 

Heptaldehyde proved by far the most interesting of the aldehydes 
investigated. The first condensation, carried out in aqueous 
solution, gave only the compound (VII). The next condensation 
(in alcoholic solution) gave a mixture of (VII) and (IX). Later 
condensations gave the compound (VIII), and after this had once 
been obtained it was found very difficult to get any quantity of 
(VII) or (IX), the condensations, in either aqueous or alcoholic 
solution, giving chiefly the compound (VIII). A possible ex- 
planation of this fact is that the laboratory became seeded with 
nuclei of the compound (VIII), and thus in the condensation this 
always tended to precipitate. 

The structures of (VIII) and (IX) were proved by hydrolysing 
the substances to the imide (X) and the acid (XI); the latter was 
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identical with and confirmed the constitution of the {-n-hexyl- 
glutaric acid prepared by Blaise and Gault (Bull. Soc. chim., 1907, 
[iv], 1, 94) from the dioxime of ««’-diketo-8-n-hexylpimelic ‘acid. 

Cinnamaldehyde appears to react in a very similar manner to 
phenylacetaldehyde. Anisaldehyde, salicylaldehyde, vanillin, and 
piperonal have given only the compounds formed by condensation 
with cyanoacetamide in equimolecular proportions, no trace of 
substances of type (I) or (IV) being obtained. They therefore behave 
as benzaldehyde, and our hope that the influence of the side groups 
would be such that the aldehydes would condense with two mole- 
cular proportions of cyanoacetamide, and thus give (on hydrolysis) 
g-substituted glutaric acids, the preparation of which was the 
object of this research, has not been fulfilled. 


H,N-OC-CH-C(NH) 

R,C< 
NC-CH—--CO” 
NC-CH-C(ONH,) NC‘CH-CO. 


R,C< SN —> RC< DNE (IL.) cis. 
NC-CH———CO NO-CH-CO 


NH. (L.) trans. 


_C(CN)-C(OH C(CN 
— C<CtGN: CLOH}>N © No r RC<GHON) CONE 


(IV.) R-CH[CH(CN)-CO-NH,], R-CH:C(CN)-CO-NH, (V.) 
(VI.) R-CH,CH(CN)‘CO-NH, CH,’[CH,],CH:C(CN)-CO-NH, (VIL) 


CH,-[CH,],-CH< CH(CN)-CO-NH2 .. cH, [CH], CH< oy? CO>NH 


CH(CN)-CO-NH, * 
(VIIL.) ) 
CH, -[CH,],-CH<CHICN) OO SNH > 
5 CH(CO-NH,)-C(:NH) CH,°CO,H 
(IX.) CH,°[CHg];° CH< cH. CO; H 


(XI.) 


ExPERIMENTAL. 


The cyanoacetamide was recrystallised from alcohol and dried in 
the steam-oven for two to three hours. Liquid aldehydes were 
fractionated immediately before use. The condensations were 
carried out in glass-stoppered, wide-mouthed bottles. An aque- 
ous solution of cyanoacetamide at about 15° was treated in 
succession with the aldehyde (and alcohol if any) and the condensing 
agent, which might be diethylamine, piperidine, or sodium or 
potassium hydroxide, all of which were equally effective. 
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isoButaldehyde. 


ac’ -Dicyano-B-isopropylglutaramide (IV; R = Pré) was obtained 
in 79 per cent. yield from 7-2 grams of isobutaldehyde, 16-8 grams 
of cyanoacetamide, and 0-5 c.c. of diethylamine in 100 c.c of water, 
The precipitate was collected after three hours and crystallised 
from a 50/50 mixture of alcohol and benzene, forming small, flat 
parallelograms, m. p. 151° (Found : C = 53-65; H = 6-65; N = 25-43. 
Cy9H,,0.N, requires C = 54:00; H = 6-40; N = 25-22 per cent.). 
The substance is insoluble in cold dilute 2N-hydrochloric acid, 
slightly soluble in benzene, and moderately soluble in alcohol. 
Prolonged boiling with alcohol or water decomposes it with form- 
ation of cyanoacetamide. 

8-isoPropylglutaric acid, CHPré(CH,°CO,H),, was obtained in 
90 per cent. yield by boiling the above amide (27 grams) for four 
hours with 66 c.c. of concentrated hydrochloric acid diluted with 
100 c.c. of water, and extracting the product with ether in the 
usual way. It crystallised from water or dilute hydrochloric acid 
in needles, m. p. 102° (Howles, Thorpe, and Udall, T., 1900, 77, 
944; Crossley and Pratt, T., 1915, 107, 174) (Found: C = 54:86; 
H = 8-06. Calce., C = 55:16; H =8-10 per cent. Found: for 
the silver salt, Ag = 55-70. Calc., Ag = 55-64 per cent.). 

6-Imino-3-cyano-5-carbamyl-4-isopropyl-2-piperidone, 

CH(CN)———--—CO 
CHPr< CH (CO:NH,) CNH) NE 

—tThe filtrate from the above glutaramide, on keeping, deposited 
a further small precipitate, which was soluble in cold dilute hydro- 
chloric acid and reprecipitated unchanged by ammonia, and 
crystallised from alcohol as a microcrystalline, white powder which 
melted and decomposed at 224° (Found: N = 25-24. ©, 9H,,0,N, 
requires N = 25-22 per cent.). On hydrolysis with hydrochloric 
acid, this substance yielded 8-isopropylglutaric acid, which was 
identified by the method of mixed melting point. 

When the condensation was carried out in aqueous solution, only a 
very small amount of the ring compound was obtained. The 
addition of alcohol to the solution resulted in a better yield of the 
ring compound (m. p. 224°) at the expense of the open-chain com- 
pound (m. p. 151°). Thus, if 90 c.c. of water and 90 c.c. of alcohol 
were used instead of 100 c.c. of water, a yield of 50 per cent. of 
the open-chain compound and 2-7 per cent. of the ring compound 
was obtained. When the quantity of alcohol was increased the 
maximum yield of the ring compound attained 4 per cent. of the 
theoretical, that of the open-chain compound declining to 25 per 
cent. 
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3 : 5-Dicyano-2 : 6-dihydroxy-4-isopropylpyridine (III; R = Pré). 
—When the filtrate from the above condensation was acidified 
with concentrated hydrochloric acid, a small precipitate formed 
(yield about 1 per cent.) which was very soluble in water, but could 
be crystallised from dilute hydrochloric acid in clusters of thick 
needles melting at 231° (Found : in material dried at 120°, N = 20-76. 
CypH,O,N; requires N = 20-68 percent.). The substance is evidently 
the above pyridine derivative, the N-ammonium salt of which was 
described by Guareschi (Atti R. Accad. Sci. Torino, 1902, 38, 291). 


iso Valeraldehyde. 


isoValeraldehyde obtained from two independent sources and 
having the correct boiling point was employed. The p-nitrophenyl- 
hydrazone melted at 110° (Found: N = 19-24. Calc., N = 19-00 
per cent.) (Dakin, J. Biol. Chem., 1908, 4, 237, gives m. p. 109—110°, 
whilst Langheld, Ber., 1909, 42, 2369, gives 112°), and the semi- 
carbazone at 127° (Found: N = 29-53. Calc., N = 29-35 per 
cent.) (Semmler, Ber., 1909, 42, 2015, records m. p. 107°, but gives 
no analysis). 

Several attempts were made to condense this aldehyde with 
cyanoacetamide in aqueous solution, but only a small yield of a 
sticky solid was obtained. This on crystallisation from alcohol 
gave a small amount of a compound melting and decomposing at 
231°. No open-chain compound could be obtained either in aqueous 
or alcoholic solution. 

6-Imino-3-cyano-5-carbamyl-4-isobutyl-2-piperidone, 


CH(CN)———-CO 
CHPr6-CH< 0H (CO:NH,)-C(.NH)> > 


was obtained in a 30 per cent. yield at 8 grams of the aldehyde 
in 40 c.c. of alcohol, 16 grams of cyanoacetamide in 75 c.c. of water, 
and 0-5 c.c. of diethylamine. The precipitate was collected after 
twelve hours, and obtained almost pure by washing twice with 
boiling alcohol. It was soluble in cold dilute hydrochloric acid 
and was reprecipitated unchanged by ammonia. It was only 
slightly soluble in hot alcohol, from which it crystallised as a fine, 
white powder melting and decomposing at 231° (Found : C = 56-31; 
H = 6-95; N = 23-78. C,,H,,O,N, requires C = 55°89; H = 6:83; 
N = 23-72 per cent.). 
3-Cyano-2 : 6-diketo-4-isobutyl pi peridine-5-carboxylamide, 
CH(CN)—-—CO 
CH,PxCH< GH3(GO-NH,)-CO> NE; 

obtained as the first hydrolysis product of the above compound, 
crystallised from water in plates, m. p. 138° (Found: N = 18-09. 
C,,H,,0,N, requires N = 17-72 per cent.). 
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8-isoButylglutaric acid was obtained in 60 per cent. yield by the 
hydrolysis of the above piperidone. 6-5 Grams of the substance 
were boiled for five hours with 30 c.c. of concentrated hydrochloric 
acid and 30 c.c. of water, the acid was extracted with ether after 
the solution had been saturated with sodium sulphate, and the ether 
was evaporated, the residue slowly solidifying when kept in a 
vacuum desiccator. It was crystallised with difficulty from dilute 
hydrochloric acid, when it formed short, thick needles, m. p. 47° 
(Knoevenagel, Ber., 1898, 31, 2590, gives the m. p. as 48°) (Found: 
for the silver salt, Ag = 53-27. Calc., Ag = 53-68 per cent.). 

The anhydride, prepared by boiling the acid with acetyl chloride, 
was an oil insoluble in sodium hydrogen carbonate solution. 

The semianilide, (CH ),CH*CH,*CH(CH,°CO-NHPh)-CH,:CO,H, 
prepared by boiling the anhydride with aniline in benzene solution 
for one minute, melted at 138° after being recrystallised from 50 per 
cent. alcohol, from which it crystallised in very fine needles 
(Found: N= 5-51. C,;H,,O,N requires N = 5-32 per cent.). 

3 : 5-Dicyano-2 : 6-dihydroxy-4-isobutylpyridine (III; R= 
CH,Pr*).—The filtrate from the above piperidone derivative, m. p. 
231°, was strongly acidified with hydrochloric acid; the white 
precipitate formed crystallised from water, on the addition of 
hydrochloric acid, in clusters of needles. The loss of weight at 
120° of the air-dried crystals corresponded approximately to one 
molecule of water of crystallisation. The anhydrous crystals 
melted at 239° and were hygroscopic (Found: N = 19-49. 
C,,H,,0,N, requires N = 19-35 per cent.). The N-ammonium 
derivative was described by Guareschi (loc. cit., p. 294). 


Heptaldehyde. 


aw'-Dicyano-B-hexylglutaramide (Formula VIII) is the main 
product of the condensation of heptaldehyde and cyanoacetamide. 

11-4 Grams of the aldehyde in 125 c.c. of alcohol were mixed 
with 16-8 grams of cyanoacetamide in 75 c.c. of water, and 0-5 c.c. 
of piperidine was added. The precipitate which formed during 
the night was filtered off and washed with dilute alcohol (yield 
87 per cent.). It crystallised from alcohol in small, flat plates 
which melted to a clear liquid at 147° (Found : C = 59-28; H = 7-76; 
N = 21:51. C,H 90O,N, requires C = 59-06; H = 7-63; N = 21-2 
per cent.). 

The small quantity of the piperidone derivative (described below) 
which is usually present in the crude amide can be removed by 
extraction with cold dilute hydrochloric acid. 

§-Hexylgluiaric Acid.—Ten grams of the above amide were boiled 
for five hours with 50 c.c. of concentrated hydrochloric acid and 
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50 c.c. of water, the solution, saturated with sodium sulphate, was 
shaken with ether, the ethereal extract (A) shaken with sodium 
carbonate solution, and the aqueous extract, acidified with hydro- 
chloric acid, was shaken with ether (B). The ether solution (A) 
contained $-hexylglutarimide. The ether was distilled from solu- 
tion (B) and the residue, which gradually solidified in a vacuum 
desiccator (yield 86 per cent.), was dissolved in boiling water and 
the solution treated with an equal volume of concentrated hydro- 
chloric acid and cooled with ice. The acid which then crystallised 
out melted at 38° (Blaise and Gault, loc. cii., give the m. p. as 
37—38°) (Found: C=61:02; H=9-36. Calc., C = 61-05; 
H = 9-32 per cent. Found: for the silver salt, Ag = 50-18. 
Cale., Ag = 50-17 per cent.). 

6-Imino-3-cyano-5-carbamyl-4-hexyl-2-piperidone (Formula IX).— 
The filtrate from the dicyanohexylglutaramide (above), on keeping, 
usually deposited a substance (yield 1—2 per cent.). This was 
dissolved in cold dilute hydrochloric acid, reprecipitated with 
ammonia, and recrystallised from a large volume of alcohol, when it 
separated in small plates which melted and decomposed at 225° 
(Found: C = 58-99; H = 7-73; N = 21-38. Cy g3H9O.N, requires 
C=59:06; H = 7-63; N = 21-20 per cent.). 

Hydrolysed in the same way as ««’-dicyano-$-hexylglutarimide, 
6-imino-3-cyano-5-carbamyl-4-hexyl-2-piperidone yielded the same 
two products, namely, 8-hexylglutarimide (in ether solution A) and 
é-hexylglutaric acid (in ether solution B). ‘The former crystallised 
from hot water in iridescent plates, m. p. 115° (Found: C = 66-79; 
H = 9-78; N=7-15. (C,,H,,O,N requires C = 66-94; H = 9-71; 
N = 7-10 per cent.) and on complete hydrolysis with hydrochloric 
acid gave $-hexylglutaric acid in almost quantitative yield. 

a-Cyano-B-hexylacrylamide (Formula VII).—This compound was 
formed together with a certain amount of the compound (VIII) by 
the condensation of heptaldehyde and cyanoacetamide in aqueous 
solution. It was very soluble in alcohol, and was separated 
from the mixed precipitate by taking advantage of this fact. 
It crystallised from alcohol in clusters of flat plates which 
melted at 197° to a brown opaque liquid (Found: C = 66-53; 
H = 8:96; N = 15-70. C,9H,,ON, requires C = 66-61; H = 8-95- 
N = 15-55 per cent.). 

a-Cyano-B-hexylacrylic Acid, CH,{CH,];*CH°C(CN)-CO,H.— 
Three grams of the amide were boiled for three hours with 30 c.c. 


of dilute hydrochloric acid (1:1). A considerable amount of decom- 


position appeared to take place and the odour of the aldehyde was 

noticed. The solution was extracted with ether in the usual way, 

The residue, after evaporation of the ether, was recrystallised from 
VOL. CXXUI, 5M 
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benzene and light petroleum, when it melted at 127° (Fiquet, 
Bull. Soc. chim., 1892, [iii], 7, 770, gives m. p. 116—118°) (Found: 
N = 8-50. Calc., N = 7-73 per cent.). 


Cinnamaldehyde. 

Cinnamylidenecyanoacetamide, CgH,*CH:CH-CH-C(CN)-CO-NH,, 
—Condensation of this aldehyde with cyanoacetamide in 50 per 
cent. alcoholic solution yielded a viscous precipitate, from which 
no definite substance could be isolated. 

Condensation in aqueous solution (6-6 grams of the aldehyde, 
8-4 grams of cyanoacetamide, 50 c.c. of water, and 0-3 c.c. of 50 per 
cent. potassium hydroxide solution) gave cinnamylidenecyanoacet- 
amide in 80 per cent. yield. The substance is moderately soluble 
in alcohol, very much less soluble in benzene, and crystallises from 
a mixture of these solvents in light yellow needles melting at 161° 
(Found: C = 72:97; H = 5:27; N=14-08. C,,H, ON, requires 
C = 72-71; H = 5-08; N = 14:15 per cent.). 

The precipitate obtained by using one molecular proportion of 
cyanoacetamide was very viscous and appeared to contain some 
aldehyde. 

Cinnamylidenecyanoacetic Acid, C,H,*CH:CH-CH:C(CN)-CO,H.— 
Ten grams of the amide were hydrolysed by boiling for five hours 
with 50 c.c. of dilute hydrochloric acid (1:1). A considerable 
amount of decomposition took place and the liquid blackened. 
The product was extracted with ether, the extract shaken with 
sodium carbonate solution, and the aqueous extract nearly neutral- 
ised with hydrochloric acid, filtered from the black precipitate 
formed, and finally acidified. The precipitated acid (yield 50 per 
cent.) formed light yellow crystals, m. p. 210°, from benzene or 
benzene containing a little aleohol; it was very soluble in alcohol 
alone (Found: C = 72-47; H=485; N=7-26. Cale., C= 
72:36; H=455; N=7-03 per cent. Found: for the silver 
salt, Ag = 34:9. Cale., Ag = 35-2 per cent.). Fiquet (Anz. 
Chim., 1893, [vi], 29, 493) gives 212° as the m. p. of this acid. 

aa’-Dicyano-B-styrylglutaramide (?) (IV; R = CHPh:CH).— 
When kept, the filtrate from the cinnamylidenecyanoacetamide 
(above) usually deposited a small precipitate which was insoluble 
in benzene, but crystallised from alcohol as a fine, white powder, 
m. p. 230° (Found : C = 64-12; H = 5-16; N = 19-89. C,,H,,0.N, 
requires C = 63-83; H = 5-00; N = 19-86 per cent.). Having 
once been obtained, this substance could be isolated in 10 per cent. 
yield by filtering the condensation mixture after two hours and 
seeding the filtrate. It was also prepared in 15—20 per cent. 
yield by seeding a mixture (in alcohol) of cinnamylidenecyanoacet- 
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amide and cyanoacetamide to which a few drops of diethylamine 
had been added. The products of hydrolysis of this compound are 
being investigated. 
Antsaldehyde. 

«-Cyano-b-4-methoxyphenylacrylamide (V; R = CgH,’°OMe).—On 
the addition of a few drops of 2N-sodium hydroxide solution to 
2-7 grams of the aldehyde and 3 grams of cyanoacetamide in 15 c.c. 
of water a precipitate formed at once, and in about five minutes the 
mixture appeared solid. The product crystallised from alcohol in 
dusters of small, very light lemon-yellow needles, m. p. 207° 
(Found: N = 14-19. (C,,H,)0,N, requires N = 13-87 per cent.). 
(Condensation in aqueous alcohol (1 : 2) produced the same substance 
in 80 per cent. yield. 

Salicylaldehyde. 

a-Cyano-B-2-hydroxyphenylacrylamide (V; R= C,H,°OH).— 
Three grams of the aldehyde were added to the same weight (about 
1:5 mols.) of cyanoacetamide in 20 c.c. of water. Sodium hydroxide 
was used as the condensing agent. A similar experiment was 
carried out in which sufficient alcohol was added to dissolve the 
aldehyde. Both experiments gave a compound which crystallised 
from alcohol in needles and melted and decomposed at 191° 
(Found: N = 14-99. C,gH,O,N, requires N = 14-89 per cent.). 


Vanillin. 

«- Cyano - 8-4 - hydroxy -3-methoxyphenylacrylamide (V; R= 
0Me-C,H,*OH).—Three grams of the aldehyde in 7 c.c. of alcohol 
were mixed with 3 grams of cyanoacetamide in 15 c.c. of water. 
In another experiment, 2 grams of cyanoacetamide in 10 c.c. of 
water were added to a saturated solution of the aldehyde (about 
1 gram in 100 c.c. of water). In both cases a few drops of sodium 
hydroxide solution were added to the mixture. A precipitate 
formed during the night. It crystallised from alcohol in small, 
yellow prisms, m. p. 209° (Found: N = 12-99. Cale., N = 12-84 
per cent.). 

Piccinini (Atti R. Accad. Sci. Torino, 1903—1904, 39, 1029) 
describes this compound, m. p. 210—210-5°, as one of the products 
of the reaction of the aldehyde with ethyl cyanoacetate and 
ammonia, or with cyanoacetamide and ammonia. 


Piperonal. 
a-Cyano-B-piperonylideneacetamide (V; R= CgH;:0,CH,).— 
Three grams of the aldehyde in 20 c.c. of alcohol were mixed with 


the same weight of cyanoacetamide in 15 c.c. of water, and a few 
5M 2 
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drops of sodium hydroxide solution added. In a few minutes 


At 


crystals commenced to form, and in a very short time the mass §,, ¢h 


appeared solid. The precipitate was filtered off (yield almost 
quantitative) and crystallised from alcohol, when it separated 
in light yellow needles, m. p. 210° (Found: N = 12-98. Cale., 
N = 12-96 per cent.). 

The same compound was obtained when cyanoacetamide in water 
was mixed with a saturated solution of the aldehyde in water, 
and a little sodium hydroxide solution added. 

Piccinini (Atti R. Accad. Sci. Torino, 1902—1903, 38, 917) gives 
the melting point of this substance as 209°, but later (ibid., 1904— 
1905, 40, 472) he records m. p. 212—213° for the material prepared 
from cyanoacetamide and piperonal in glacial acetic acid or 15 per 
cent. ammonia solution. 
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CCCLXXII.—The Formation and Stability of  spiro- 
Compounds. Part XI. Bridged spiro-Compounds 
from cycloPentane. 


By CHRISTOPHER KeLK INGoLD, Eric Witt1AmM LANFEAR, and 
JOCELYN FIELD THORPE. 


THE original hypothesis of Beesley, Ingold, and Thorpe (T., 1915, 
107, 1080), that the strain inherent in a carbon ring is communicated 
through each carbon atom to the pair of valencies external to the 
ring, was suggested as a result of the comparative study of the 
structures (I) and (II). 

Experiment showed that groups attached to the carbon atoms 
(1) and (2) interacted more readily when (3) participated in a 
cyclohexane ring, and that, in the derived cyclopropane structures 
(III) and (IV), the cyclohexane ring conferred enhanced stability 
on the cyclopropane ring, and especially on the spirocyclopropane 
bonds (1—3) and (2—3) : 


CH Cc CH,-CH qa 

= CH; > Ce CH<CH.CH CCC (II) 

CH OR CH.-CH rent : 

III. 3 > ‘CH, rv. 

oo cH, CSG e) CHe<CH?CH.> C<h _ 
(1) (1) 

>) CH pe Ge CHyCH Nae GG" ivy 

V) GHC Gs CH oH CS GG, OM) 
(4) (4) 
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At a later date (T., 1919, 115, 320) the comparison was extended 
io the more complex ring structures (V) and (VI), and it was found 
that the principal influence exerted by the cyclohexane ring con- 
sted in diminishing the stability of the spirocyclopropane bonds 
(5) and (4—5), whilst second-order effects appeared in the more 
remote parts of the molecule. 

The (at first sight) curious fact that the spirocyclopropane bonds 
should be stabilised by the cyclohexane ring in (IV) but rendered 
ss stable in (VI) received ready explanation on the lines of the 
original hypothesis, which also accounted in a natural manner for 
ill the subsidiary effects ; and in view of the agreement with theory, 
and the possibility which it opens of predicting the susceptibilities of 
smplex systems of associated rings, it seemed desirable to carry out 
the obvious tests afforded by the group of compounds derived from 
the cyclopentane structure (VII). The angle of the cyclopentane 
ting is very close to that at which two valencies emerge from a 
arbon atom in the unstrained condition, and hence the structure 
VII) should resemble the gem-dimethyl ring structure (V), rather 
than the cyclohexane-spiran structure (VI), in all the respects in 
which these latter differ from one another. Thus the bond (5—1) 
in(VII) should be as stable as it is in (V), and not singularly unstable 
is in the cyclohexane structure (VI); whilst, as regards the bonds 
I—4) and (3—4), the second-order diminutions of stability, noticed 


in the case of the cyclohexane derivatives, should not appear. 
(1) 


CHES och 8" vit) 
CH, -CHo~ (5) 


(4) 

It may be stated at once that each of the predictions of theory 
accords well with the facts which emerged in the course of the 
experimental investigation described in this paper. 

The most remarkable contrast with the cyclohexane series was 
observed in experiments designed to test the susceptibility to fission 
ifthe bond (5—1). The fission of this bond was brought about with 
reat ease in certain substances of the cyclohexane series by alkaline 
ragents which were without effect on corresponding compounds of 
the gem-dimethyl class. When the cyclopentane derivatives were 
txamined, they were found to be just as stable as the gem-dimethyl 
compounds, and to resist the attack of reagents which completely 
decomposed their ring homologues of the cyclohexane series. 

Evidence regarding the secondary influence on the bond (3: 4) 
was also obtained. The expected effect is in the nature of a small 
increase in stability when comparison is made with the cyclohexane 
ries, the cyclopentane structure closely resembling the gem- 
dimethyl structure. Owing to the smallness of the effect, and to 
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experimental difficulties arising from the instability of the bond 
(5: 1) in the cyclohexane series, we have not succeeded in finding a 
reagent capable of bringing about the fission of the bond (3 : 4) in 
one series but not in the other. We have, however, examined the 
establishment of the bond (3 : 4), a process in which, as explained in 
the former paper, the influence of the cyclohexane ring, as transmitted 
through the bonds of the cyclopropane ring, is magnified sufficiently 
to render it capable of easy experimental detection. The result ofa 
series of comparative experiments has been to show very clearly 
that the closure of the cyclobutane ring by the establishment of the 
bond (3:4) proceeds much more smoothly in the cyclopentane 
series than in the cyclohexane series, and that in this respect the 
cyclopentane derivatives closely resemble the compounds of the 
gem-dimethy] series. 

The bond (1 : 4) undergoes fission in certain corresponding acids 
of all three series when these acids are treated with sodium 
amalgam, two atoms of hydrogen being added to the molecule. It 
is to be expected that in the cyclopentane series this reaction will 
proceed much as it does in the gem-dimethy] series, that is to say, 
considerably less easily than when cyclohexane derivatives are 
employed. Comparative experiments with acids of all three series 
have shown that this is the case, and that the reaction velocities are 
related to one another in the manner which the hypothesis of strain 
transmission requires. 


Establishment of the Bond (3: 4). 

The bridged-ring compounds described in this paper * were 
synthesised by a method precisely similar to that employed in the 
former investigation; that is to say, cyclopentane-1 : 1-diacetic 
acid was brominated and the dibromo-ester (VIII) converted by 
treatment with ethyl sodiomalonate into a cyclopentanespirocyclo- 
propane ester (IX), from which the bridged-ring sodio-ester (X) 
was prepared by the application of Dieckmann’s reaction. 


‘ .~CHBr:CO, Et ie , ©(CO,Et)-CH(CO,Et), 
Hs>C<cupr- CO, Et ~ malonate > CH >C<j 


H-CO,Et 
(VIII.) (IX.) 
sodium ¢( (CO Et) *C ‘CO, Et 
ncnctins (X.) 
a— CHs>C< Coo mtd *C -ONa 


* As explained in former papers, the compounds of this series possess two 
distinct sets of properties, one referable to the bridged structure itself, and 
the other to a monocyclic tautomeric form. The present paper deals only with 
the chemistry of the bridged individual form. The reactions of the mono- 
cyclic individual and its relation to the bridged form will be made the subject 
of a future paper. 
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The compound (X) is plainly of type (VII), and the comparison 
of its derivatives with those of the analogous compounds (XI) and 
(XII) forms the basis of the experimental investigation on which 
the preceding considerations have been grounded. 


A CO,Et)-C-CO,Et ayy CH,°CH.s, 5 ‘4 (CO,Et)-C- CO,Et 
OS C(CO,Et): C-ONa SCH, ‘CH, ‘aie (CO,Et) ‘C-ONa 
(XI.) (XII) 
Both the dimethyl and cyclohexane bridged-ring compounds can 
be prepared directly from the corresponding dibromo-esters (type 
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VIII) by treatment with ethyl sodiomalonate in the presence of 
sodium ethoxide. In the former case, the reaction proceeds fairly 
smoothly, the maximal yield of the compound (XI) being about 
65 per cent. In the latter case, the second stage of the reaction is 
rather difficult to bring about and the yield of the bridged-ring 
compound (XII) is only about 25 per cent. Experiment has shown 
that in the cyclopentane series the reaction can also be brought 
about in one operation, and that it proceeds fairly smoothly, the 
yield of the compound (X) amounting to 63 per cent. of the 
theoretical, that is, practically the same as in the gem-dimethyl series. 

In order to make the comparison more definite, the cyclopentane- 
spirocyclopropane ester (IX) was isolated, and then converted by 
treatment with sodium ethoxide into the bridged ester (X). The 
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corresponding reaction in the gem-dimethyl series leads to the 
formation of the bridged-ring compound (XI) in 70 per cent. yield 
after three hours at 75°, and in a maximal yield of 75 per cent. after 
five hours. In the cyclohexane series, the closure of the ring takes 
place with greater difficulty, the yield of the compound (XII) 
being only 23 per cent. and 29 per cent. respectively, after three and 
five hours’ heating at 75°. In the cyclopentane series, a yield of 
70 per cent. was obtained after two hours at 75°, and a yield of 73 
per cent. after four hours, so that there can be no doubt that the 
cyclopentane series resembles the gem-dimethyl] series rather than 
the cyclohexane series so far as concerns the establishment of the 
bond (3 : 4) in the bridged compound (X). 

The progress of the reaction in the three series is shown by the 
curves of Fig. 1. 

Stability of the Bond (4: 5). 

Evidence of a marked difference in stability between the bridged 
spiro-compounds of the cyclopentane and cyclohexane series was 
obtained in the course of experiments on the action of alkaline 
hydrolysing agents on the compound (X). 

It will be recalled that in the cyclohexane series alkaline hydrolysis 
of the original sodio-ester (XII) proceeded in certain well-defined 
stages, the first product being a monobasic acid ester (XIII) and the 
next a basic acid ester (XIV), the further hydrolysis of which 
resulted in the scission of the bond (4: 5), and the formation of an 
acid represented by formula (XY) : 


<¥' C(CO,H)- C-CO,Et ccs H)-CH-CO,H 


C;H -H 
10> CS. 400, Et):C-OH CsA OS 40, Ft) OO 
(XIII) (XIV.) 
Hyp >CH~ Tm H)-—— CH, 2 (XV.) 


C(OH)(CO,H): CO 


On the other hand, when the gem-dimethyl acid ester (XVI), 
which corresponds with (XIV), was examined, it was found to be 
almost unaffected under conditions in which the cyclohexane 
analogue (XIV) underwent complete conversion into the fission 
product (XV). Even prolonged treatment with alkalis yielded no 
trace of a fission product, but only the monocarboxylic acid (XVII) 
formed by the elimination of the labile carboxyl groups : 


¢(CO,H)-CH-CO,H _-C(CO,H)-CH, 

3)oC 2 2 

<u ¢(CO,Et)CO (CHy)C< 1? bo 
(XVI) (XVIL.) 


The action of cold alcoholic potassium hydroxide on the cyclo- 
pentane sodio-ester (X) yields a well-defined dipotassium derivative 
of the acid ester (XVIII), analogous to (XIII). Further hydrolysis 
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leads to the dibasic acid ester (XIX), a singularly stable substance 
which yields no fission product, and, indeed, remains unattacked 
under conditions in which the corresponding compound of the 
cyclohexane series (XIV) is completely decomposed. 


C(CO,H)-C-CO, Et o<G(CO,H)-CH-CO,H 
(,H,>C ' 
> SK CO, Et)-C OH He>CS 4G 0,Et)-CO 
(XVIIL) (XIX.) 


Both these acid esters are converted by mineral acids into the 
monobasic acid described below. 


Stability of the Bond (1: 4). 

The first action of mineral acids on the sodium compound (X) 
is to convert it into the free enol-ester (XX). The further 
hydrolysis of this substance by mineral acids proceeds in a number 
of more or less definite stages, the isolable products being an acid 
ester (XXI or XXII), a dicarboxylic acid (XXIII), and a mono- 
carboxylic acid (XXIV). The last two acids, which are produced 
side by side when the sodium compound (X), the enol-ester (XX), 
or any of their previously mentioned hydrolysis products are boiled 
for several hours with 20 per cent. hydrochloric acid, represent the 
ultimate products of acid hydrolysis, and they correspond exactly 
with the mono- and di-basic acids which form the ultimate acid 
hydrolysis products both in the gem-dimethyl and the cyclohexane 
series : 


<F(CO,Et)CCOLEt py << G(CO,H)-GH-CO, Et 


C,H 
acai C(CO,Et)-C-OH ee 0 
(XX.) (X XI.) 
tg »Et)-CH-CO,H Ci . O. 0,H) -CH-CO,H 
C 2 C,H,>C 2 
wHg> <i omeenenin) 8 <G —— tt 
ie ) pe 
~ ¢(CO, 2H)-CH, (XXIV) 
Cer OS by ——o . 


Further degradation of the structure can be brought about with 
the aid of reducing agents which readily effect the fission of the 
bond (1:4) in the monocarboxylic acid. The product is cyclo- 
pentanespirocyclopentanonecarboxylic acid (X XV), and its consti- 
tution follows from the fact that on oxidative degradation by nitric 
acid it yields a mixture of cyclopentane-1 : 1-diacetic acid (X XVI) 
and cyclopentane-1-acetic-1-carboxylic acid (X XVII). 

CH(CO,H)-CH, ¢, _~CH,°CO,H 
/<—a— oe oo CHs>C< our CO,H (XXVL) 


C,H,>C (XXVII.) 


(XXV.) C,H, >C< 


CH,°CO,H 
<co, H 


5 M* 
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It will be recalled that the reduction of the bridged monobasic 
acid of the cyclohexane series (type X XIV) to its unbridged derivative 
(type XXV) occurred with considerably greater ease than in the 
gem-dimethyl series. This was established by a series of com. 
parative experiments which showed that, under the conditions 
employed, the reduction of the cyclohexane compound proceeded 
about 1-8 times as fast as that of the gem-dimethyl compound. 

The comparison has now been extended to include the cyclo. 
pentane series, with results which are depicted in the accompanying 
diagram (Fig. 2). But at an early stage of the experimental work 
it was noticed that reductions carried out under conditions which, 
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in the cyclohexane series, led to a large yield of the reduced acid 
yielded much unchanged material in the cyclopentane case. Further 
experiment showed that the reduction takes place at only about 
half the rate at which it occurs in the cyclohexane series, and that the 
velocity is, in fact, very close to that which obtains for the gem- 
dimethyl compounds. 

Thus in three separate instances of ring closure or ring fission, 
namely, the closure of the bond (8 : 4) and the fission of the bonds 
(4 : 5) and (1 : 4), the hypothesis of strain transmission has correctly 
predicted the susceptibilities of the structure under investigation. 

It may be added that the constitution of the substances described 
in this paper were established by methods similar in many respects 
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basic F to those employed in the former paper, and that the nature of the 
“ative § evidence can easily be gathered, without further explanation here, 
n the§ by co-reference to the introduction of that paper and the experi- 
com-f mental portion of this one. 
itions 
eded EXPERIMENTAL. 

(A) Formation of the Bridged spiro-Sodio-ester (X). 
pyclo. § cycloPentane-1:1-diacetic acid was prepared by condensing 
Lying § cyclopentanone with cyanoacetic ester and alcoholic ammonia 
work § ((juareschi’s reaction), and hydrolysing the resulting imide with 
hich, sulphuric acid. It was dibrominated by the Hell-Volhard-Zelinsky 
method and the neutral dibromo-ester, obtained by pouring the 
dibromo-acid chloride into ethyl alcohol, was purified by careful 
distillation under a low pressure. 

Ethyl — cycloPentanespiro-1-methyleyclopropane-1 : 2 : w : w-telra- 
carboxylate (IX).—The dibromo-ester (20 grams) was added to a 
solution, in 30 grams of alcohol, of ethyl sodiomalonate prepared 
from 2-3 grams of sodium and 16 grams of ethyl malonate. The 
solution was heated until neutral, cooled, and poured into dilute 
hydrochloric acid. The oil was extracted with ether, washed with 
dilute sodium carbonate, dried, and distilled. It yielded as the 
principal fraction a colourless oil, b. p. 245—253°/11 mm. (Found : 
C= 60-1; H=7-7. CypHg90, requires C = 60:3; H = 7-5 per 
cent.). 

Ethyl Sodiocyclopentanespirodicyclopentan - 3 - one-1:2:4- tri- 
carboxylate (X).—(a) From ethyl cyclopentane-1 : 1-dibromoacetate, 
ethyl malonate, and sodium ethoxide.* Five grams of sodium, 
dissolved in 90 grams of ethyl alcohol, were treated with 25 grams 
of ethyl malonate. The solution was cooled to 20° and carefully 
mixed with 15 grams of the dibromo-ester, the solution being kept 
below 25° by immersion in cold water. After half an hour the 
solution was heated for three hours on the water-bath, cooled, and 
cid filtered. The yellow solid substance was washed on the filter 

| sxcsivey with alcohol, water, and alcohol and ether. It was 
crystallised for analysis from ethyl alcohol, from which it separated 
the Fin bright yellow needles (Found: Na = 6-0. C,,H,,0,Na requires 
em- #Na = 6-2 per cent.). The yield was usually 60—65 per cent. of 
the theoretical. 
on, | (6) From ethyl cyclopentanespiro-1-methylcyclopropane-1 : 2 : w: w- 
ids tetracarboxylate and sodium ethoxide.—The ester (4 grams) was 
tly [treated with 0-46 gram of sodium dissolved in 7 grams of ethyl 
alcohol, and the mixture heated at 75° for several hours, after which 
* This experiment was first carried out by Mr. S. Sako, who made a careful 


study of the conditions necessary to secure a good yield. 
5m*2 
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the yellow sodium compound was collected and washed as described 


TI 


above. The yields obtained after heating for one, two, and thre C= 


and a half hours were 55, 70, and 73 per cent., respectively, of the 
theoretical (see Fig. 1). 

Ethyl — cycloPentanespirodicyclopentan-3-one-1 : 2 : 4-tricarboxyl. 
ate-—The yellow sodium compound was suspended in ether and 
shaken with dilute hydrochloric acid until no solid remained and the 
yellow colour had completely disappeared. The ether extract was 
dried with calcium chloride and evaporated. The ester was thus 
obtained as a colourless oil (Found : C = 60-°9; H = 6-9. C,,H,,0, 
requires C = 61-3; H = 6-8 per cent.) which gave a deep wine-red 
colour with ferric chloride, and on treatment with dilute sodium 
hydroxide passed back into the original sodium compound. 


(B) Hydrolysis of the Bridged spiro-Ester. 


Diethyl Potassium _Potassiocyclopentanespirodicyclopentan-3. 
a9 : ; ’ C(CO,K)-C-CO,Et oy 
one-1 : 2 : 4-tricarboxylate, Ce C<Cc0. Bt) LOK . — The 
yellow sodium compound (4 grams) was passed through a fine. 
meshed sieve and then suspended in 30 c.c. of 2-5 N-alcoholic 
potassium hydroxide. After a short time, it passed into solution, 
and a canary-yellow precipitate gradually separated, which was 
collected, washed with alcohol and ether, and dried. The yield 
was theoretical (Found: K = 19-7. C,,H,,0-K, requires K = 195 
per cent.). This substance gives a claret colour with ferric chloride. 
Diethyl Hydrogen cycloPentanespirodicyclopentan-3-one-1 : 2 : 4- 
tricarboxylate-—The above potassium salt was suspended in ether 
and shaken with dilute hydrochloric acid until the colour had 
vanished. The ether layer was dried with sodium sulphate and 
evaporated. The acid ester, thus obtained as a mass of crystals 
melting at about 60°, was very soluble in the usual organic solvents 
and did not appear capable of being easily recrystallised. It was 
therefore converted into the silver salt (Found: Ag = 60%. 
C,,H,,0,Ag. requires Ag = 60-9 per cent.). The acid and its 
silver salt give a claret colour with aqueous-alcoholic ferric chloride. 
Ethyl Dihydrogen cycloPentanespirodicyclopentan-3-one-1 : 2 : 4- 
tricarboxylate.-—The yellow sodium compound (5 grams) was boiled 
with 40 c.c. of 3N-ethyl-alcoholic potassium hydroxide until the 
yellow colour was discharged. The precipitate was collected, 
washed with alcohol and ether, dried in a desiccator, and then dis- 
solved in dilute hydrochloric acid. The acid, which was extracted 
from this solution by means of ether, melted at 124° after crystal- 
lisation from ether or water, and gave a violet colour with ferric 
chloride. 
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oe silver salt was obtained as a white precipitate (Found: 
(= 32:7; H=2°8; Ag = 42-6. C,,H,,0,Ag, requires C = 32-9; 
H=2-8; N = 42:3 per cent.). 


¢voO—O—CO 
-CH 
The anhydro-ester, C Hoey &(CO,Et): co” Ws prepared by 


heating the acid ester at 100° for one hour with acetyl chloride in a 
closed tube. The residue obtained on evaporation was an oil, 
which was insoluble in cold alkali and was converted into the original 
acid ester on boiling with water (Found: C = 60:0; H = 5:3. 
(,4H,,0, requires C = 60-4; H = 5-0 per cent.). 

The acid ester is stable towards alcoholic potassium hydroxide 
under conditions in which the cyclohexane analogue is completely 
converted into products of ring-fission, and on prolonged boiling 
with 20 per cent. hydrochloric acid undergoes conversion into the 
monocarboxylic acid described below. 

Ethyl Hydrogen cycloPentanespirodicyclopenian-3-one-1 : 2-di- 
carborylate.—The yellow sodium compound or its ester was heated 
with ten times its weight of 20 per cent. hydrochloric acid for three 
hours, and the sparingly soluble oil washed with hot water and dried 
ina vacuum. Thus obtained, the acid ester forms a viscous gum, 
which gives a brown colour with ferric chloride, and behaves as a 
monobasic acid on titration (Found: C=61:2; H=66. 
C,3H,,0; requires C = 61-9; H = 6-35 per cent.). 

cycloPentanespirodicyclopentan-3-one-1 : 2-dicarboxylic Acid.— 
The yellow sodium compound or its ester was heated with ten times 
its weight of 20 per cent. hydrochloric acid for five hours, and the 
solution cooled and filtered from the crystals of monocarboxylic 
acid (below). The filtrate was extracted six times with equal 
volumes of ether, and the residue obtained on drying and evaporating 
the ether was dissolved in ammonium hydroxide and treated with 
ammonium chloride and a strong solution of calcium chloride. 
After twenty-four hours, the completely precipitated calcium salt 
was collected (with the addition of any similar calcium precipitate 
obtained in the purification of the monocarboxylic acid), decomposed 
with hydrochloric acid, and the free dicarboxylic acid extracted 
with ether. The residue obtained after drying and evaporating 
the ether was crystallised from a small amount of hot water, from 
which the dibasic acid separated in needles, m. p. 160° (Found : 
C= 58-6; H=5-3. C,,H,,0,; requires C = 58-9; H = 5-4 per 
cent.). The acid gives an insoluble calcium salt, and a brownish- 
red colour with ferric chloride. 

The anhydride was obtained by heating the acid with acetyl 
chloride for one hour at 100° in a closed tube, and evaporating the 
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solution in an evacuated desiccator containing potassium hydroxide, 
The crystalline residue was recrystallised from benzene, from which 
prisms separated, m. p. 162° (Found: C= 640; H=449, 
C,,H4)0, requires C = 64-1; H = 4-8 per cent.). On boiling with 
water, the anhydride regenerates the acid from which it was pre. 
pared. —_ 

The p-xylidic acid, C Oc fCOsEC amy “GH-CO,H or 

CH CO 

C 1G (COz H): CHC 
CH——CO 
a warm solution of the anhydride in benzene with one of p-xylidine 
in the same solvent. The crystalline product was purified by 
recrystallisation from alcohol and thus obtained in feathery needles, 
m. p. 173° (Found: C= 695; H=6-5. Cy, ,H,,0,N requires 
C = 69-7; H = 6-4 per cent.). 

cyclo Pentanespirodicyclopentan-3-one-1-carboxylic Acid.—The 
sparingly soluble crystalline acid obtained in the hydrolysis by 
hydrochloric acid (above) was dissolved in ammonium hydroxide 
and treated with ammonium chloride and calcium chloride. Any 
calcium salt which separated in the course of twenty-four hours was 
collected (and worked up for the dibasic acid), and the filtrate 
acidified with hydrochloric acid. The precipitated monobasic acid 
was collected, dried, and crystallised from ether, from which it 
separated in needles, m. p. 217° (Found: C= 66-8; H = 6-7. 
C39H,.0, requires C = 66-7; H = 6-7 per cent.). This acid does 
not give a colour with ferric chloride, and its calcium salt is soluble 
in water. 

The semicarbazone was prepared from the free acid and aqueous 
semicarbazide acetate, and crystallised from glacial acetic acid, from 
which it separated in leaflets, m. p. 258° (decomp.) (Found : C = 55:3; 
H = 6-3. C,,H,;0,N; requires C = 55:7; H = 6:3 per cent.). 


C,H,> O° NH-C,H3Me, was prepared by mixing 


(C) Reduction of the Bridged Monobasic Acid. 


cycloPentanespirocyclopentan-3-one-l-carboxylic Acid (XXV).— 
Five grams of the bridged monobasic acid were neutralised with 
aqueous sodium carbonate and the whole made up to 400 ¢.c. This 
solution was surrounded by cold water and maintained in contact 
with carbon dioxide, while 10 grams of sieved 3 per cent. sodium 
amalgam were added every half-hour for twelve hours. The 
mercurial layer was removed, and the aqueous solution concentrated 
and acidified. The oily acid thus precipitated was extracted with 
ether, from which it was obtained by evaporation as a colourless 
syrup, which, on rubbing, set to a hard cake of crystals, m. p. 65— 
70°. The acid was crystallised from a mixture of ether and ligroin, 


ND 


Oxide, 
which 
= 4.9, 
r with 
S pre- 


H 


or 
ixing 


‘idine 
d by 
dies, 
ulres 


-The 
3 by 
yxide 
Any 

was 
Tate 
acid 
h it 
6:7, 
Joes 


able 


STABILITY OF SPIRO-COMPOUNDS. PART XI. 3151 


from which it separated in dense prisms, m. p. 73—74° (Found: 
(= 65:7; H=7-7. C,H,,0, requires C = 659; H =7-7 per 
cent. ). 

The oxime crystallised in the course of twelve hours from a cold 
solution containing equivalent proportions of hydroxylamine 
acetate and the carboxylic acid. It separated from water in stout 
prisms, m. p. 176° (Found: C= 606; H=7-9. CygH,;0,N 
requires C = 60-9; H = 7-6 per cent.). 

The phenylhydrazone quickly separated, as a yellow oil which 
rapidly solidified, from a solution containing the carboxylic acid 
and phenylhydrazine acetate. It was crystallised from dilute 
alcohol, from which it separated in buff rosettes of minute needles, 
m. p. 99° (Found: C=70-3; H= 17-5. C gH 0,N, requires 
¢ = 70-6; H = 7:3 per cent.). 

The semicarbazone crystallised rapidly and quantitatively from a 
solution, in dilute alcohol, of the acid and semicarbazide acetate. 
It separated from hot glacial acetic acid in small needles, m. p. 217° 
decomp.) (Found: C= 55:2; H=7-1. C,,H,,0,;N, requires 
C= 55:2; H = 7:1 per cent.). 

Oxidation of cycloPentanespirocyclopentan-3-one-1-carboxylic Acid: 
cycloPentane-1 : 1-diacetic Acid and 1-Carboxrycyclopentane-1-acetic 
Acid.—The acid was boiled with dilute nitric acid until red fumes 
ceased to be evolved, and the resulting solution evaporated with the 
occasional addition of water. 1-Carboxycyclopentane-1-acetic acid, 
the main constituent of the crystalline residue, was identified by 
analysis (Found: C = 55:5; H=7-3. Cale.,C = 55:8; H=7-0 
per cent.), and by comparison with an authentic specimen, and 
cyclopentane-1 : 1-diacetic acid, obtained from the ultimate mother- 
liquors of the crystallisation, by direct comparison and a mixed 
melting-point determination. 

Velocity of Reduction of the Bridged Monobasic Acid.—These 
experiments were carried out exactly as described in the former 
paper (loc. cit.), and the percentage conversion was determined for 
each experiment also in the same way. After treatment for one, 
three, and five hours, the number of atoms of hydrogen taken 
up per molecule of acid was 0-4, 0:8, and 1-1, respectively. 
The results of these experiments, and some additional ones on the 
corresponding reaction in the gem-dimethyl and cyclohexane series, 
are displayed on Fig. 2. 


We wish to thank the Chemical and Royal Societies for grants in 
aid of this investigation. 
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CCCLXXIII.—An X-Ray Investigation of Certain 


Organic Esters and Other Long-chain Compounds, 
By Grorce SHEARER. 


- In a recent paper, Miller (this vol., p. 2043) has given the results 
of an X-ray investigation of some of the higher fatty acids. He 
found that these compounds give excellent X-ray reflections from 
what are presumably their cleavage planes and that the size of 
the “ spacing ”’ of these planes increases uniformly with the number 
of carbon atoms in the molecule. Such results indicate that in 
this way X-ray measurements yield valuable information as to the 
lengths of the molecules themselves, even although the crystal 
structure is far from completely determined. 

The work described here is a continuation of those experiments, 
dealing with the esters of palmitic and stearic acids and with 
certain other long-chain compounds which, in addition to the 
long CH, chains, contain in their structure a benzene ring. 


EXPERIMENTAL. 


The experimental method adopted was very similar to that 
employed by Miiller and need not be described in detail again. 
One slight modification may, however, be mentioned. The sub- 
stance to be examined is mounted in the form of a very thin layer 
on a strip of mica. This is oscillated on the X-ray spectrometer 
table through an angle of about 8° on either side of the direct 
X-ray beam. During this oscillation the cleavage plane of the 
mica passes through the reflecting angle (5° 30’ for iron K radiation, 
which was used in these experiments), so that there appear on the 
photographic plate, not only the lines characteristic of the substance 
on the mica, but also the K, and Kg first-order reflections from 
the mica. These give exceedingly sharp lines corresponding to a 
spacing of 10-1 A. and calibrate the plate automatically. If 
required, the second-order mica reflections also can be obtained by 
oscillating the crystal through a slightly greater angle. 

Substances Investigated —The substances here discussed are four 
esters of palmitic acid (methyl, ethyl, octyl, and cetyl), two esters 
of stearic acid (methyl and ethyl), and three chain compounds, 
which also possess a benzene or phenol group—octadecylbenzene, 
p-hexadecylphenol, and p-octadecylphenol. All these substances 
were pure specimens most kindly supplied by Mr. N. K. Adam, 
of Sheffield University. The author wishes to take this oppor- 
tunity of expressing his indebtedness to Mr. Adam for providing 
these specimens, 
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Experimental Results —As was found in the case of the fatty 


rain acids, these compounds gave very good reflections from what are 
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probably their cleavage planes. Many different orders of reflection 
for these planes occur on the plates, and it is possible by combining 
the measurements of these various orders to obtain the fundamental 
spacing of these planes with considerable accuracy. The results 
of such measurements are given in the following table, where the 
cleavage spacing is denoted by d,. 


TABLE I. 
Substance. Formula. Spacing in A. 
d,. dy. ds. 
Methy1 palmitate C,,;H3;,;CO-0O-CH, 22-0 4-07 3°72 
Ethyl ve C,,H;,-CO-O-C,H, 23:2 4-07 3°67 
Octyl - C,,H;,-CO-O-C,H,, 30:4 4-16 3°72 
Cetyl = C,,H;,°CO-0:C, Hs; 40-4 4-05 3°69 
Methyl] stearate C,,H,,;-CO-0-CH, 24-0 4-07 3°74 
Ethyl ,, C,,H,,-CO-0-C,H, 25-2 4-14 3°69 
Octadecylbenzene C,,H3,'C.H,; 49-2 —— _— 
p-Hexadecylphenol C,gH33;'CsH,OH 46°5 — — 
p-Octadecylphenol C,,H;;-C,H,OH 51:3 — —- 


In addition to the various order reflections of the cleavage plane, 
certain other lines corresponding to relatively small spacings occurred 
on the plates. In the case of the esters, two strong, rather diffuse 
lines appeared at about 4-1 and 3-7 A. and these lines were very 
nearly the same for all the esters examined. They are given in 
the table in the columns headed d, and ds. Similar results were 
found by Miiller for the fatty acids, and a suggestion as to their 
interpretation is given in his paper (loc. cit.). 


Discussion of Results. 

An examination of Table I immediately reveals the fact that the 
cleavage spacing of the esters increases with the number of carbon 
atoms in the ester chain. This variation is shown in Fig. 1, where the 
spacing is plotted against the number of carbon atoms on the ester 
side of the molecule in the case of the esters and against the number 
of carbon atoms in the chain in the case of the other compounds. 

It is clear from this figure that the addition of a CH, group to 
the molecule results in an increase in the length of the cell. In 
the case of the palmitates, this increase is the same throughout 
the whole range examined. The number of stearates so far investi- 
gated is too small to show whether this is also true for the esters 
of stearic acid, but the fact that. the two stearates lie on a line 
which is, within experimental error, parallel to the line on which 
the palmitates lie is a strong argument in favour of the assumption 
that this increase of length per CH, group is constant also for the 
stearates and has the same value in the two cases. 
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This increase of length per CH, group can be calculated with 
considerable accuracy in the case of the palmitates, as there is a 
variation of from one to sixteen carbon atoms in the ester chain 
with a corresponding increase of about 90 per cent. in the length 
of the cell. If this is done, we find 


Ad, /An = 1-22 A., 


where Ad,/An denotes the increase of spacing per CH, group in 
the chain. 

A similar result to the above was found for the fatty acids by 
Miller, but the increase per CH, group was found to be 2-0 A. 
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Miiller points out that the length of the cell is probably that of 
two molecules and that therefore the increase in the length of the 
molecule per carbon atom is 1-0 and not 2-0. This difference, with 
some other points of interest, is discussed in a joint paper (this 
vol., p. 3156). 

As is to be expected from their formule, the stearates are longer 
than the corresponding palmitates. The increase per carbon atom 
on the acid side of the molecule is 1-0, a value which is in agreement 
with Miiller’s results. 

The accepted ‘‘ diameter” of the carbon atom is 1-5 A. It is 
clear, therefore, that either the general direction of the molecules is 
not even approximately perpendicular to the cleavage planes or the 
carbon atoms of the chain are arranged in some spiral or zig-zag 
fashion. If we calculate the angle, 6, between successive pairs of 
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carbon atoms on the assumption that the arrangement is a zig-zag 
one, we find 
sin 0/2 = 1-5/4:22 or 6 = 109° 30’. 

This is almost exactly the angle (109° 28’) which the normals from 
the centre to the faces of a tetrahedron make with each other. The 
significance of this result is discussed in the paper referred to above. 

If the results obtained with the compounds which contain a 
benzene ring are examined, it will be seen that the observed spacings 
are about twice as great as the measurements of the esters would 
lead us to expect, on the assumption that the length of the cell is 
also a measure of the length of the molecule. Also the increase of 
length per CH, group is about twice as great as for the esters. 
These facts would naturally suggest that in these cases, as in the 
fatty acids, we are measuring the length, not of a single molecule, 
but of two placed end to end, probably in opposite directions. On 
this assumption, we find for the lengths of the molecules the following 
values : 


Octadecylbenzene »y% + we Re 
p-Hexadecylphenol . . . . . 233 
p-Octadecylphenol . .. . 25°6 


Here again the increase corresponding to two CH, groups is 2:3, 
but the. accuracy of the measurements is not sufficient to permit us 
definitely to decide which type of chain is present. 

The difference in length between the octadecylbenzene and p-octa- 
decylphenol molecules is 1:0 A. This is about what is to be 
expected for the oxygen atom which forms the only difference 
between the two molecules. 

From our knowledge of “ atomic radii,” it is possible to calculate 
the lengths of the molecules on the assumption that the acid chain 
increases 1-0 and the ester chain 1-22 per CH, group. The results 
of such a calculation are given in Table II. In these calculations 
the chain in the benzene compounds has been assumed to be the 
same as in the acids, and the dimensions of the ring are those 
— by Bragg (Proc. Physical Soc., 1921, 34, 33). 


TABLE II. 

Calculated Observed 

Substance. length. spacing. 
Methyl palmitate ...........ccceseeeeeees 20-6 22-0 
Ethyl Bete) | Lo maeninepuconepeunin seweee 21-8 23-2 
Octyl SoC "eeebas sea san can eunysaes 29-1 30-4 
Cetyl ee ee 38-0 40-4 
Methyl stearate —.............sceeeseeees 22-6 24-0 
Ethyl Kgs, sebbbiuhdcinivacecsen seus 23-8 25-2 
> Spabbcsus oh eau vodeuesins 23-5 24-6 
p-Hexadecylphenol ...........sseereeees 22-8 23°3 
p-Octadecylphenol .........cseseeeeeees 24°8 25-8 


The agreement is as good as could be expected. 
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Tn conclusion, the author wishes to acknowledge his indebtedness 
to Professor Sir W. H. Bragg, F.R.S., in whose laboratory these 
experiments were carried out, for his continual kindness and helpful 
suggestions; also to the Department of Scientific and Industrial 
Research, whose financial help made the work possible. Reference 
has already been made to the assistance rendered by Mr. Adam in 
supplying the material. 

Davy FarapAy LABORATORY, 

Roya INSTITUTION. [Received, November 3rd, 1923. | 


CCCLXXIV.— Further X-Ray Measurements — of 
Long-chain Compounds and a Note on their 
Interpretation. 


By ALex MULLER and GEoRGE SHEARER. 


In two papers communicated to this Society, the authors (this vol., 
pp. 2043, 3152) have described the results of the measurements 
by X-ray methods of certain organic compounds which contain in 
their structure long carbon chains. It is proposed here to give 
some further results of such measurements and, in addition, to 
discuss all the results so far obtained. 

In the papers referred to, it was shown that, in the case of the 
normal saturated fatty acids, and also in the case of the esters of 
these acids so far examined, the addition of a CH, group to the 
molecule resulted in an increase in the spacing of the cleavage 
plane as measured by the X-ray spectrometer. The fatty acids 
showed an increase of 2-0 A. per CH, group added, whilst the esters 
increased by 1-22 A. for a corresponding change in the molecular 
structure. Other compounds containing CH, chains showed similar 
phenomena. 

On the other hand, in the case of the acids and the esters, there 
appeared on the plates two fairly strong lines the spacings of which 
(4:1 and 3-7 A.) were, within narrow limits, the same for all these 
compounds. It was suggested that the planes giving rise to these 
reflections depended, not on the length, but merely on the cross- 
section of the molecules. 

Before proceeding to a detailed discussion of these results, certain 
new data which are now available may be given. 


Further Experimental Results. 


In addition to the normal saturated fatty acids already described 
certain others whose total number of carbon atoms is odd have 
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now been measured; also certain unsaturated acids have been 
examined. For all the specimens used, the authors are once more 
indebted to the kindness of Mr. N. K. Adam. The results of these 
measurements are given in the following table : ’ 


Substance. Formula. d,. d.. ds 
Undecylic acid C,,H,..0, 25:8 —- - 
Pentadecylic ,, C,H 390, 36-2 4-00 3°76 
Margaric e C,,H;,0. 39-2 4-05 3°77 
Oleic ‘a C,,3H;,0, 36-2 (7) — — 
Elaidic ip C,,H3,02 48:3 4-03 3°65 
isoOleic i C,,H3,0, 35-9 -- = 
Erucic se C,,H,,0, 46:3 4-22 3°72 
Brassidic a Jeg tt oOo 59-9 4-25 3°72 


The bearing of these results on each other and on the previous 
results will be discussed later in this paper. 


The Significance of X-Ray Measurements. 

What is measured by the X-ray spectrometer is the perpen- 
dicular distance between two planes of the crystal which are 
identical with each other. It is clear, therefore, that, in general, 
the spacing of any one plane will have only a very indirect con- 
nexion with the dimensions of the molecule itself. It is only by 
a complete investigation of the crystal structure that the dimensions 
of the molecule can be determined. In the case of such com- 
plicated compounds as those under discussion, such a complete 
solution is, at present, out of the question. 

However, it happens that in the case of these long-chain com- 
pounds there appears to be a very close connexion between the 
length of the molecule and the spacing of the cleavage plane. In 
both the acids and the esters it is found that the continued addition 
of CH, groups results in a uniform increase in the spacing of the 
cleavage planes, although the amount of this increase is different 
in the two series. The obvious conclusion is that in any one series 
the crystals are all of approximately the same type and that the 
molecules are arranged lengthwise between successive cleavage 
planes. The observed increase of spacing as the number of CH, 
groups in the chain is increased also shows that the purely chemical 
reasoning that the carbons are actually arranged in long chains is 
essentially correct. 

It does not follow that the general direction of the length of the 
molecule is perpendicular to the cleavage plane, but, in order to 
explain the uniform increase of spacing of this plane per CH, group, 
it is necessary to conclude that for any one series the molecules 
are all inclined at the same angle to this plane. 

A consideration of the spacings of the acids will show that there 
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is a strong probability that between two successive cleavage planes 
there must be not one molecule but two, probably arranged end 
to end in opposite directions. Such an arrangement is very common 
in crystal structure and is the result of the symmetry properties 
of the crystal (compare Bragg, T., 1922, 121, 2766). This follows 
from our knowledge of the “diameter” of the carbon atom 
(1-5 A.). Even if all the carbon atoms were placed one above the 
other, the length of the molecule would be considerably less than 
the observed spacing. This is even more clearly demonstrated if 
the spacings of the acids are compared with those of the esters, 
For an equal number of carbon atoms in the molecule the spacing 
of the esters is only a little larger than half that of the acids. For 
example, cetyl palmitate with 32 carbon atoms has a spacing only 
a little larger than that of stearic acid with 18 carbon atoms. 
Similar results were shown to hold for p-hexadecyl- and p-octadecy|- 
phenol and for octadecylbenzene. 

It is therefore concluded that in the case of the acids we are 
dealing with two molecules placed end to end, and that the average 
increase per CH, group is 1-) as compared with 1-22 in the ester 
series, where we are dealing with only one molecule between 
successive cleavage planes.* 


The Structure of the Carbon Chains. 


Let us, in the first place, assume that the molecules in all these 
compounds are, within narrow limits, arranged perpendicularly to 
the cleavage planes, and see whether the observed increase of 
length can be explained in terms of a reasonable arrangement of 
the carbon atoms in the chain. 

It is well known that in the diamond structure each carbon atom 
is surrounded by four others and that the lines joining their centres 
make angles with each other which are the same as the angles 
between the normals from the centre of a regular tetrahedron on 
its faces (109° 28’). Such a result might have been, and indeed 
was, anticipated by the quadrivalent property of the atom. It is 
therefore natural to assume that in these carbon chains the carbon 
atoms are so arranged that the lines joining the centres of adjacent 
atoms make this angle with each other. The question arises— 
What chains are possible which satisfy this condition and also have 


* Langmuir (Proc. Nat. Acad. Sci., 1917, 8, 251), in his investigations of 
films on water, deduced for the lengths of the molecules values which for 
most of the acids are almost exactly half those found by the authors for the 
cleavage spacings, and values for the esters nearly equal to the X-ray 
spacings. These results are in agreement with the above hypothesis. He 
also showed that the carbon atoms in the chains must be arranged in some 
zig-zag fashion. 
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the property—observed experimentally—that the continued addi- 
tion of a limited number of atoms to the chain always results in a 
uniform increase in the length of the chain ? 

There are several chain structures which satisfy these conditions. 

(1) The longest possible chain is such that all the atoms are in 
one plane and are arranged in zig-zag fashion as in Fig. 1. If the 
diameter of the carbon atom is taken as 1-5 A., this chain would 
show an increase of 1-22 A. per carbon atom. 
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(2) The second chain in order of length is obtained by arranging 
the carbon atoms in a spiral, the fourth being directly above the 
first, the seventh above the fourth and so on, as in Fig. 2. The 
increase per carbon is the same for each member of the chain and 
has the value 1-12 A. 

(3) The third longest chain is shown in Fig. 3. In this the 
carbon atoms are arranged in sets of four, the fifth being directly 
above the first. Every two carbons contribute 2-0 to the length 
of the chain, but of this amount one of the pair contributes 1-5 
and the other only 0-5 A. Each set of four lies in a plane, but 
the planes of successive sets are not necessarily the same. 

These are the simplest possible chains which satisfy the conditions 
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laid down. Other arrangements are possible. For example, a 
chain may be made by combining the first and third of the above 
chains. Such a chain, however, although having a different arrange. 
ment in space, would show the same rate of increase of length as 
number (3). It is also possible to arrange the atoms in such a 
‘way that the sixth is above the first, the eleventh above the sixth, 
and so on, but in such a case the increase for the first set would 
be different from the increase for subsequent sets and such a chain 
would be inconsistent with the experimental results. It is inter- 
esting to note that the case of a closed ring of six atoms is the 
limiting case of a chain—a chain in which the average increase 
per carbon is zero. 

In the diamond structure there are present, in addition to the 
closed rings, chains which show increases of 1-22 per carbon atom 
and 2-0 per two carbon atoms. The former is identical with that 
of Fig. 1; the arrangement of the latter is more complex than that 
of Fig. 3, although the increase in the direction of length is the 
same. The spiral arrangement is not shown by the diamond, 
although the silicon atoms in quartz form a spiral as in Fig. 2. 

The two chains observed in these experiments show average 
increases of length per carbon of 1-22 and 1-0 for the esters and 
the acids respectively. These values agree extremely well with 
the first and third chains described above and it appears highly 
probable that the arrangements of the carbon atoms in these 
compounds are actually represented by Figs. 1 and 3. This striking 
agreement with experiment is in itself a very considerable argument 
in favour of the assumptions originally made, that the direction 
of length of the molecules is approximately perpendicular to the 
cleavage planes and that the carbon atoms tend to join together 
at the tetrahedral angle. 


Other Possible Interpretations. 


Certain other possibilities must also be considered. It is quite 
conceivable that, although the inclination of the molecules to the 
cleavage planes may be the same for any one series, it may not 
be the same for all the series. The observed difference between 
the acids and the esters may be due to a difference in the inclinations 
of the molecules in the two series. 

There are certain experimental results which scem to indicate 
that this hypothesis is not valid and that there really exist two 
different chain arrangements. For example, the difference in 
spacing between methyl palmitate and methyl stearate is 2-0, 
and the difference between the ethyl esters of these acids has also 
this value. In this case, we have added two CH, groups to the 
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acid side of the molecule and the increase is the same as between 
palmitic and stearic acids and different from what would result 
from the addition of two groups to the ester side. If this could 
be shown to hold over a larger range, the argument would be a 
strong one in favour of the existence of two chains, but even with 
the limited observations so far available, considerations of the 
aror limits of the experiments suggest that this test is of con- 
siderable value. 

There is, however, still another possibility which might be 
suggested. The ester molecule may have a sharp bend at the 
(0-0: group and thus, in itself, have two inclinations to the 
cleavage plane. If this were so, the argument in the previous 
paragraph would collapse. Such an arrangement appears improb- 
able from the observations of the constancy of the spacings d, 
and ds.* The constancy of these spacings in itself suggests that 
the inclination of the molecules to the cleavage plane is the same 
in the two series. If these spacings are taken as giving an indication 
of the other dimensions of the crystal cells—they might well be 
half the fundamental spacings of the other two planes—then the 
dog-legged molecule suggested above appears to be very improb- 
able from a crystallographic point of view, as the projection of the 
molecule on the plane of d, and d, would be much greater than 
either side and therefore would extend over several cells. On the 
whole, therefore, this evidence supports the assumption of two 
different chains. 

Again, if we consider Fig. 3, we see that, if this is an actual 
representation of the acid chain, an increase of two carbons results 
in an increase of 2:0 A., but the two carbons do not contribute 
equally to this amount. If, therefore, the accuracy of the experi- 
ments were sufficient, there would be a difference between the 
acids containing an odd number of carbon atoms and those with 
an even number. This difference is almost within experimental 
error, but it is a significant fact that if the odd acids are plotted 
on a similar diagram to that used to represent the even-number 
acids the points representing them all lie just above the line showing 
the variation of the even-number acids. This evidence is directly 
in favour of such a chain as is shown in Fig. 3. 

Let us now consider the unsaturated acids. There is, as is shown 


* In order to test the constancy of these spacings, which were represented 
in our photographs by somewhat diffuse lines, experiments with various acids 
were made by Dr. Piggott and Dr. Wark. A transmission method was used, 
and it was found that within the limits of experimental error d, and dz were 
the same for all the acids so examined. Our thanks are due to them for 
their assistance. 
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in the table, a very large difference between erucic and brassidic 
acid. Each contains twenty-two carbon atoms, the same number 
as behenic acid. Erucic acid shows a spacing just smaller than 
that of behenic acid, whilst the spacing of brassidic acid is 12 A. 
longer. The obvious suggestion would be that here we have two 
isomerides, the one with the one type of chain, the other with the 
other. The ratio of the spacings is 1-29, which certainly supports 
such a hypothesis. Again, the ratio of the spacings of elaidic and 
stearic acids is 1-25. These results in themselves might offer little 
support to the reality of the two chains, but, taken in conjunction 
with the other evidence, they are certainly suggestive. 

On the whole, therefore, the balance of evidence appears to 
support the hypothesis of two different types of chain rather than 
the other possible explanations of the observed results which have 
been put forward here. 


Feneral Considerations. 


It will have been noticed that, in what has preceded, ‘sometimes 
it has been assumed that there is one molecule only between succes- 
sive cleavage planes, and sometimes two have been postulated. 
This is more or less what is to be expected from chemical con- 
siderations. In the acids, we have at the ends of the molecule 
the active carboxyl group, and the presence of such a group may 
well tend to cause two of the molecules to join together end to end 
in the crystal cell. On the other hand, in the esters we have no 
such active group at the end of the molecule and in the case of these 
compounds there is no sign of the double spacing found in the 
acids. The presence of a benzene or phenol group also apparently 
facilitates the junction of two molecules end to end. Here again, 
this arrangement is probably due to the presence of the active 
group. Thus, so far as the experiments have gonc, the general 
arrangements of the molecules in the cells are what might be 
expected from their chemical properties. 

The difference between the acids containing an odd and an even 
number of carbon atoms is interesting. It is well known that 
similar differences are found in their melting points. Also the 
even-number acids are common in nature, whilst the odds are very 
rare. It would therefore appear that there is a stronger tendency 
to add two carbon atoms to the acid chain than only one. 

It might appear at first sight that, if there are two different 
chains, we might expect to find a difference between the energy 
of the molecule according as it contains the one chain or the other. 
Measurements of the heat of decomposition show that practically 
the same increase takes place whether a CH, group is added to the 
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ester side or to the acid side. A consideration of the chains repre- 
gnted in Figs. 1 and 3 will show that the two chains are very 
approximately equally probable. They both involve the attach- 
ment of a fresh carbon atom to the existing chain at the tetrahedral 
angle. Thus, although the increase of length of the chain is 
different in the two cases, there would be little if any difference in 
the energy. 

The unsaturated acids on the above hypothesis would have 
formule which might be represented as in Figs. 4 and 5, where the 
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arrangement of the carbons on either side of the unsaturated carbon 
atoms is shown. A comparison of these figures with the formule 
generally accepted for erucic and brassidic acids is interesting. 
These acids are usually written 
CH,[CHs]-~ i" -H 

HO oS CH], 1 COoH 


CHs TCH So=( <(PMehs 1'CO,H 


Erucic acid 


Brassidic acid 


the former as a “ trans ” the latter as a “cis” acid. A comparison 
of these formule with the arrangements represented in Figs. 4 
and 5 shows a great similarity between the two, but they are 
interchanged, brassidic being the trans- and erucic the cis-acid. 
Similar results apply to elaidic acid. This appears to have the 
first type of chain and therefore would, on the above considerations, 
be a trans- and not a cis-compound. Whether this is compatible 
with the chemical evidence is a matter for the chemical expert. 
The small difference between erucic and behenic acid—1-5 for 
two molecules—is probably to be associated with the so-called 
double-bonded carbon atoms. Some slight difference in the chain 
here from that of the normal saturated acids might explain the 
difference. Experiments are in progress with oleic acid, which is 
liquid at the ordinary temperature, and although the results are 
not yet conclusive, there is evidence that the length of this cell 
is 36-2, a value 2-5 less than that for the corresponding saturated 
acid—stearie acid. The difference of 2-8 A. between isooleic acid 
and stearic acid is of the same order of magnitude. isoOleic acid, 
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however, does not show the same spacings d, and ds. It would 
appear, therefore, that there is some structural change, although 
the chain is essentially the same as in stearic acid. 

If the interpretation of these experimental results is correct, we 
have fresh evidence that the tetrahedral angle is closely associated 
with the carbon atom, not only in such crystal structures as diamond, 
but also in actual molecular structures. It would appear that the 
tendency of one carbon atom to join to another is very strong in 
certain directions only and that these directions are closely con. 
nected with the directions of the normals from the centre of a 
regular tetrahedron on its four faces. 


In conclusion, the authors wish to express their indebtedness to 
Professor Sir W. H. Bragg, F.R.S., for his many helpful suggestions 
during the course of the work. 


Davy Farapay LABORATORY, 
Roya INstItTuTIon. [Received, November 3rd, 1923.] 


CCCLXXV.—The Influence of Dilution on the Hydrolytic 
Dissociation of some Oxime Hydrochlorides. 
By Leonarp BEaumont TANSLEY. 


THE majority of the measurements of hydrolytic dissociation in 
the past have been made on salts which are hydrolysed only to a 
relatively small extent and Ostwald’s dilution law, K = x?/(1 — x)u, 
holds for these within narrow limits. In certain cases weaker bases 
have been studied and in some instances good constants obtained 
at moderate dilutions (Walker and Aston, T., 1895, 67, 576; 
Walker and Wood, T., 1903, 83, 484; Farmer, T., 1904, 85, 1713; 
Arnall, T., 1920, 117, 835). 

In the present paper, a study has been made of the hydrolysis 
of the hydrochlorides of a number of oximes, using the polarimetric 
method to determine the concentrations of free acid formed at 
dilutions ranging from NV /10 to N’/160 at 55-7°. With the exception 
of acetoxime hydrochloride in decinormal solution (Farmer, Brit. 
Assoc. Reports, 1901, 240), the salts formed by oximes with acids 
do not appear to have been previously studied. 

On hydrolysis, these compounds yield products falling into two 
classes : (1) soluble oximes, (2) sparingly soluble oximes. 

For substances in class 1 Ostwald’s dilution law does not give a 
true constant when the salts are strongly hydrolysed, and deviations 
are obtained which are similar to those presented by the dissoci- 
ation of strong electrolytes. Rudolphi’s formula, K = x2/(1 — x)V'v, 
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gave slightly better constancy. Several other empirical formule, 
proposed in the past, have been tried, but the best concordance is 
given by taking into account the possibility of some electrical action 
between the ions and the molecules of the solute (a) and between 
the ions themselves (6), Jahn’s formula for this being K=nje'/N — ny, 


where 1 = — (aN /n) + ,(2a — b)/n (Z. physikal. Chem., 1902, 41, 
957). Goebel (ibid., 1902, 42, 59) put the constant in the form 
sabi C,? = 2ByC — 4 By Bay) Cs 
K= c—, e ; 


where Bj. and By, take the place of a and) above. For the present 
purpose this last formula has been used in the form 
K= C,? eACc, + BC, 
C7 f 

(, being the concentration value for the hydrolysed part of the 
molecule and C, that for the unhydrolysed portion, whilst A 
and B denote B,, and By. respectively. To determine these 
constants, A and B, three sets of experimental values (marked * 
in Table III) of C, and C, were used for each substance. It is 
noteworthy that the constant values for K calculated by this 
method agree with those obtained by Ostwald’s formula when this 
is applied at the highest dilutions only, as shown in the 3rd, 4th, 
and 5th columns of Table I. This is in accordance with the view 
that strong electrolytes in very dilute solutions do obey the law 
of mass action (Washburn, J. Amer. Chem. Soc., 1918, 40, 106). 
For purposes of comparison, urea nitrate was experimented with 
in the same way at higher dilutions than had been previously 
used for salts of this compound and gave results showing a similar 
divergence, from which, however, a dissociation constant could be 
calculated. 

In the case (2) of sparingly soluble oximes, the old dilution law 
ceases to hold and calculation shows that the degree of hydrolysis 
is independent of the dilution ; for, applying the law of mass action 
to the case of this simple hydrolytic dissociation of hydrochloride, 
we can write, denoting the concentration of oxime as base by [B], 
since no compound of the type B-OH is formed, 

[B] x [HA] 

[BA] x [H-OH] 
[B] itself, however, must be constant too, since the oxime is only 
sparingly soluble and the solution is always saturated with respect 
to it; also [H-OH] is constant, thus 

Concentration of hydrolysed salt [HA] 2 v 
Concentration of unhydrolysed salt [BA] v‘ (1—2) 

and therefore x/(1 — x) = constant. 


= constant. 
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TABLE I. 


Hydrolytic Dissociation Constants of the Hydrochlorides of Oximes, 
Class I, and their Basic Constants. 


Vol. (v2 


litres) Hydrolytic 
contain- dissociation constants. Basic 
ing 1 Ostwald’s constants 
Hydrochloride equiva- extra- Mean of the 
of the base lent of polated values. oximes. 
(class I). salt. Ostwald. value. Goebel. Ks = K,/K, 
Diethyl ketoxime .... 140  0-000632 0-000350 0-000349 2-95 x 10-” 
Methyl ethyl ketoxime. 160 0-00120 —- 000126 8-13 x 10°, 
Methyl n-propyl ket- 

NE. Sis sive s 2.0.0 416 120 =0-00157 —- 0-00156 6-57 x 10 
BOSHOCRIMG kee css 120 0-00278 0-00200 0-00182 5-64 x 10 
Acetaldoxime ........ 100 00-0461 0-0230 0-0211 4-86 x 10% 
Diacetylmonoxime .... 100 0-293 — 02097 4-88 x 10% 


(Ky = 1-025 x 1074.) 


This true value for K,(= dissociation constant for water at 55-7°) was found 
by interpolation between those given by Lorenz and Béhi at intervals on the 
temperature scale, and its use is more satisfactory than that of the general 
value 1-2 x 10714 often used. 


This conclusion was exactly borne out by experimental results 
shown in Table IV and the values of the constants found are given 
in Table II. 

Tasxe IT, 


Degrees of Hydrolysis and Constants for Hydrochlorides of Sparingiy 
Soluble Oximes. 


% Degree of | Constant for 
hydrolysis hydrochloride. 


Class II (sparingly soluble). (1002) K = 2/(1 — 2). 
Acetophenoneoxime-—e........ 2. eee ween 63-77 1-754 
a- and syn-Benzaldoximes............. 78-50 3°651 
DWRGURYICIVORIMO — ooo okt ee ceo 82-35 4-650 
Benzylideneacetoxime .............. 82-70 4-780 
Benzophenoneoxime .............. 89-67 8-708 
a-Benzildioxime Eu... 1 ss se eens 93°30 13-920 


EXPERIMENTAL. 


In the determination of the degree of hydrolysis at each dilution, 
a freshly prepared 5 per cent. sucrose solution was mixed in a 
thermostat with the solution of the oxime hydrochloride, and the 
concentration of free acid found in the usual way by means of 
polarimetric readings. The polarimeter tube, fitted with false 
glass ends, was maintained at constant temperature by circulating 
water from the thermostat through a jacket surrounding it. The 
inversion velocity coefficients were calculated by two independent 
methods. 
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The degree of hydrolysis was found to be independent of the 
quantity of sucrose present, and titrations with caustic alkali and 


rimes, 
Fie. 1. 
Degrees of hydrolytic dissociation of oxime hydrochlorides. 

I Diacetylmonoxime; II Urea nitrate; III o-Benzildioxime; IV Benzophenone- 
ic oxime; V Acetaldoxime; VI Benzylideneacetoxime; VII Dimethylglyoxime ; 
ints VIII Benzaldoxime; IX Acetophenoneoxime. 
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” (1) Acetoxime; (2) Methyl n-propyl ketoxime; (3) Methyl ethyl ketoxime; 
(4) Diethyl ketoxime. 
iS 
e congo-red, and with iodine, to detect any free hydroxylamine hydro- 
it chloride, proved that practically no decomposition of the oximes 
themselves occurred in the solutions during hydrolysis. 
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The following hydrochlorides were prepared in the pure solid 
state for the determinations : Benzophenoneoxime hydrochloride, 
m. p. 125°; acetophenoneoxime hydrochloride, m. p. 103°; benzyl. 
ideneacetoxime hydrochloride, m. p. 146°; and the benzaldoxime 
hydrochloride, m. p. 63—65°, usually known as the syn-form, 
prepared by passage of carefully dried hydrogen chloride through 
a solution of the pure anti-oxime in dry ether. The last-mentioned 
hydrochloride has been shown to be a hydrate by Brady and Dunn 
(this vol., p. 1783). An N/5-suspension in water appears to be 
converted rapidly into the oily anti-oxime, but the N /20-suspension 
of the solid syn-oxime persists for eighteen hours, finally changing 
to the oil and partly dissolving at 56°. Both these specimens gave 
sensibly the same degrees of hydrolysis as were shown by the 
partly soluble anti-oxime in hydrochloric acid at various corre. 
sponding dilutions. In general, the results obtained with the 
solutions prepared from the solid hydrochlorides were almost 
identical with those found for solutions of the oximes in the 
equivalent quantities of hydrochloric acid. The determinations 
in the case of the aliphatic oximes were all made by the latter 
method. 

As it could not be substantiated by the ordinary methods of 
titration that acetaldoxime does not decompose under the con- 
ditions employed, solutions of acetaldehyde and hydroxylamine 
hydrochloride were mixed and the extent of the reaction was 
followed in the polarimeter by measuring the increase in concen- 
tration of free acid until a stable condition was reached. This 
corresponded with the fullest formation of oxime hydrochloride, 
oxime and consequent free acid, and showed apparently no decom- 
position of the oxime itself. The concentration of free acid here 
was nearly thirty times greater than that given by an equivalent 
solution of hydroxylamine hydrochloride alone, which was con- 
firmed as being practically non-hydrolysed under the conditions 
employed. 

In the experimental results the product, for hydrochloric acid 
alone, of velocity coefficient and dilution, shown as k,v,, which 
was found to be constant within very narrow limits for all con- 
centrations up to NV/100, has the value 0-442 in most cases, and 
at higher dilutions it is known to be constant (Fales and Morall, 
J. Amer. Chem. Soc., 1922, 44, 2071). 

Conductivity water was used throughout the experiments and 
also for making up the solution of hydrochloric acid used. Solid 
oxime suspensions were kept and shaken before being placed in 
the polarimeter tube, in which they settled, thus affording a clear 
view for accurate readings. 
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Hydrolytic constants. 


Goebel. 
x 10°. 


Mean 0-349 


Dt Pet et Pet a fet ft tf 
td 
AanHaones-oO- 


Mean 


Mean 1-56 


1-85 
(1-43) 
1-60 
1-86 
1-93 
1-93 
1-88 
1-81 
1-68 
Mean 1-82 


20-59 
22-40 
20-58 
21-17 
21-16 


TaBe III. 
% Degree of 
hydrolysis 
Dilution. Vel. coeff. (1002). Ostwald. 
Vg. k, X 10°. x = kyv,/kyv>. % ce. 
Diethyl Ketoxime Hydrochloride. 
10 7°85 17-70 3°81 
20 4:27 19-33 * 2-32 
30 3:05 20-70 1-80 
40 2-45 22-19 1-58 
50 2-07 23-45 1-44 
60 1-81 24-56 * 1-33 
80 1-38 24-94 1-04 
100 1-12 25-35 0-861 
120 0-94 25-52 * 0-728 
140 0-81 25-65 0-632 
Methyl Ethyl Ketoxime Hydrochloride. 
20 6-15 25-58 * 4-39 
30 4-18 26°34 3°14 
40 3°21 26-95 2-48 
50 2-68 28°10 2-20 
60 2-27 28-56 * 1-90 
80 1-79 30-03 * 1-67 
100 1-49 31-25 1-42 
120 1-28 32-20 1-27 
160 1-05 35:27 1-20 
Methyl n-Propyl Keioxime Hydrochloride. 
10 12-5 26-20 9-32 
20 6-45 27-05 5-01 
30 4-42 27-80 3°57 
40 3°45 28-90 2-93 
60 2-45 30-80 2-00 
80 1-92 32-20 1-91 
100 1-63 34-20 1-78 
120 1-39 35-00 1-57 
Acetoxime Hydrochloride. 

8 18-7 31-4 * 18-0 
16 10-7 35°9 12-6 
24 7-48 37°7 9-52 
32 5:73 38-6 * 7-58 
40 4-66 39-2 6-32 
48 4-00 40-3 5°67 
80 2-50 42-0 * 3°81 

100 2-06 43-2 3°29 
120 1-72 43-4 2-78 
Acetaldoxime Hydrochloride. 
10 33:4 77-0 * 258 
20 17-3 78°85 147 
40 8-85 81-6 * 90-4 
50 7:14 82-3 76-7 
80 4-52 83-4 52°3 
100 3°66 84:5 * 46-1 


VOL, CXXITI. 


20-57 
Mean 21-1 
5N 
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TABLE III (continued). 
% Degree of 


hydrolysis Hydrolytic constants. 
Dilution. Vel. coeff. (1002). Ostwald. Goebel. 
V2. k, x 10°. x = k,v,/kv,. x 10°. x 10°, 
Diacetylmonoxime Hydrochloride. 
20 20-4 92-45 * 566 207-8 
40 10-4 94-20 382 200-8 
50 8-40 95-10 * 379 207:8 
60 7-05 95-80 364 217-0 
80 5-33 96-50 332 218-1 
100 4-28 96-80 * 293 207°8 
Mean 209-7 
Urea Nitrate. 
10 35-0 82-5 * 388 47:8 
20 18-2 85-9 262 39-1 
40 9-36 88-1 * 163 47-7 
60 6-32 89-4 126 49-8 
80 4-80 90-6 * 109 50-6 
Mean 47-2 
TABLE IV. 
% Degree of 
Dilution Vel. coeff. hydrolysis 
(v2). (ke). (1002). 
Acetophenoneoxime Hydrochloride. 
10 0-0282 63-80 
20 0-0141 63-80 
40 0-00706 63-75 
60 0-00470 63-75 
; Mean 63:77 
The Benzaldoxime Hydrochlorides. 
Re cin es een pinnate 10 0-0330 76:2 
anti-oxime in HC] .......... 10 0-0334 77-0 
Bere ey ng stergincolgaia sts 10 0-0347 79-9 
ita aie Se shies eosin nis 20 0-0171 "78:8 
syn-hydrochloride .......... 40 0-00851 78-5 
anti-oxime in HC] .......... 40 0-00865 79-7 
i i Ree wE 60 0-00561 77-6 
“aa /. <tcoeseaes 80 0-00426 78-6 
Sse < «enwe emg 100 0-00348 80-1 
Mean 78:5 
% Degree of % Degree of 
Dilution Vel. coeff. hydrolysis Dilution Vel. coeff. hydrolysis 
(%,). (k,). (1002), (v9). (Ke). (100z). 
Dimethylglyoxime Hydrochloride. Benzophenoneoxime Hydrochloride. 
20 0-0181 82-0 10 0-0389 89-63 
40 0-00909 82-3 20 0-0194 89-40 
60 0-00606 82-3 40 0-0097 89-40 
100 0:00366 82-8 60 0-00655 90-55 
Mean 82:35 100 0-00388 89-40 
Mean 89-67 
Benzylideneacetoxime Hydrochloride. amphi-Benzildioxime Hydrochloride. 
10 0-0365 82-55 20 0-0206 93-3 
20 0-0184 83-30 40 0-0103 93-3 
40 0-0091 82-40 60 0-00687 93-4 
60 0-0061 82-90 100 0-00412 93-3 
100 0-00364 82-40 Mean 93:3 


Mean 82:7 


ig 
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Summary. 


(1) Ostwald’s dilution law and the law of mass action are not 
followed by the hydrochlorides of the oximes examined, owing to 
the hydrolytic dissociation being, at the higher dilutions, far less 
than that required to satisfy the equation K = x?/(1—x)v. This 
anomaly is not due to any appreciable decomposition of the oximes 
themselves and is precisely similar for the majority of them. 

(2) The variations in the degrees of hydrolytic dissociation are 
analogous to those shown in the electrolytic dissociation of strong 
electrolytes. To the values obtained at various dilutions the 
application of a simplified formula based on those of Jahn and 
Nernst, K = C,2e4%*8%/C,, allows a true hydrolytic “ dissociation 
constant,’’ K, to be calculated in each case. 

(3) The degrees of hydrolytic dissociation of the hydrochlorides 
of those oximes which are only partly soluble in water are inde- 
pendent of the concentration, owing to the presence of immiscible 
solid or liquid phase, and the formula K = x/1 — z is strictly borne 
out by experiment, the constant K including the solubility of the 
oxime. 
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CCCLXXVI.—A Synthesis of m-Opianic Acid. 
By Witt1aAM Henry PERKIN, jun., and Francis WILBERT STOYLE. 
m-OPIANIC acid was first obtained as one of the products of the 
degradation of cryptopine in 1916 (T., 109, 928) and subsequently 
its synthesis was accomplished (T., 1921, 119, 1724) essentially 
in accordance with the scheme : 


MeO” ‘pe CH, MeO’ \cO-CO,H Me0/ \CHO 
Meol Meo\ CO,H MeO\ Oat 
4;5- oe 4: 5-Dimethoxyphihalonic acid. m- ya acid. 


methyl ketone. 


During the course of experiments which had another object in view, 


we have worked out another synthesis of this interesting acid. 
5N2 
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When o-veratric acid (I) is digested with strong aqueous hydro. 
bromic acid, one only of the methoxy-groups is attacked and ay 


acid is produced which may be represented either by formula (II) f 


or (ITI). 

CO,H CO,H CO,H 
Me0/ \ —- HO” or MeO 

Pa 4 | (II.) | (IIL, 
a  / MeO OH y, 


Had the acid (III) been produced, then application of the 
Tiemann-Reimer reaction would have furnished an aldehydo-acid 
which should yield opianic acid on methylation and thus the 
synthesis of this important acid would have been accomplished. 
It was, however, more probable that the acid of formula (II), that 
is, o-vanillic acid (guaiacolcarboxylic acid), would result from the 
demethylation of o-veratric acid under the conditions employed 
and we have been able to show that this is what actually happens, 
In the first place, the acid resulting from this demethylation (m. p. 
152°) gives a deep blue coloration with ferric chloride, which it 
would not do if it were a m-hydroxy-acid, and, secondly, the same 
acid (II) is obtained when o-vanillin is fused with potassium 
hydroxide. 

On treatment with chloroform and potassium hydroxide, this 
acid is converted into 2-hydroxy-3-methoxy-5-aldehydobenzoic acid 
(IV) which, if it could be methylated, would give rise to a new 
isomeride (V) of the opianic acids. 


CO,H CO,H 
(IV.) HO/ ‘ MeO”) (V.) 
meol cro MeOl co 


Unfortunately the hydroxy-group in this acid resists methylation 
to such a remarkable degree that, with the small amount of material 
at our disposal, we have been unable, either with the aid of methyl 
sulphate or by employing methyl iodide and alkali, to obtain any 
of the dimethoxy-acid. 

We next attempted to synthesise opianic acid from ordinary 
veratric acid (VI) by employing a process similar to that outlined 
above in the case of o-veratric acid. Tiemann (Ber., 1875, 8, 514) 
has shown that veratric acid, when heated with dilute hydrochloric 
acid, yields a mixture of vanillic (VII) and isovanillic (VIII) acids. 
oa) Meo’ oo,H iitia MeO/ c0,H He NcO.H (yur) 
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We find, however, that, when the demethylation is carried out 
with the aid of hydrobromic acid, the sole product appears to be 
isovanillic acid. 

It was hoped that the application of the Tiemann-Reimer reaction 
would convert isovanillic acid into the two isomeric aldehydo- 
acids (IX) and (X). 


CHO CHO 
aX.) HO” ‘\cO,H (X.) HO co, H MeO” co, (XI) 
M 
Meo. } CHO Meo} I ON, 


If this were the case, the acid (IX), on methylation with alkali 
and methyl sulphate, should yield m-opianic acid, whereas the acid 
(X) might be expected, in the same circumstances, to yield 
y-opianic acid (XI), an acid which, so far, has only been obtained 
by the degradation of berberal by means of dilute sulphuric acid 
(T., 1890, 57, 1064). 

Experiment showed, unfortunately, that only one aldehydo-acid 
is produced when o-vanillic acid is digested with chloroform and 
potassium hydroxide, and that this acid is 5-hydroxy-4-methoxy- 
2-aldehydobenzoic acid (1X) is proved by the fact that, on methyl- 
ation, it is converted into m-opianic acid. It is in this way that 
the second synthesis of m-opianic acid has been achieved. 


The Action of Alcoholic Potassium Hydroxide on o-Veratraldehyde. 


A method which gives a good yield of o-veratryl alcohol and 
o-veratric acid is the treatment of o-veratraldehyde with aqueous 
potassium hydroxide (Perkin and Robinson, T., 1914, 105, 2384). 


According to Douetteau (Bull. Soc. chim., 1911, [iv], 9, 933), 


alcoholic potash gives the same products. 

On repeating the latter process, a very unexpected result was 
obtained. When o-veratraldehyde was left for some hours at the 
ordinary temperature with strong ethyl alcoholic potassium hydr- 
oxide, an almost quantitative yield of o-veratryl alcohol, was 
obtained. On acidifying the alkaline solution, instead of pure 
o-veratric acid, a mixture of acids was precipitated, and this, on 
fractional crystallisation, yielded o-veratric acid (m. p. 120°) and 
an acid, C,,H,.0,, melting at 180°. 

The detailed examination of the latter acid, described on p. 3174, 
has proved conclusively that it is 2: 3-dimethoxycinnamic acid, 
C,H,(OMe),*CH:CH-CO,H. 

Not only is the formation of a cinnamic acid under these con- 
ditions remarkable, but the yield is considerable (4 grams from 
20 grams of o-veratraldehyde). The probable explanation is that 
some of the ethyl alcohol is oxidised to aldehyde, which then, 
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under the alkaline conditions, condenses with the o-veratraldehyde 
to yield 2 : 3-dimethoxycinnamaldehyde, 


(MeO),C,H,-CHO + CH,-CHO = (MeO),C,H,-CH:CH-CHO + H,0, 


and that this then suffers further oxidation with the formation of 
the cinnamic acid. We are engaged in determining whether this 
reaction is a general one, and a preliminary experiment seems to 
indicate that small quantities of cinnamic acid are produced when 
benzaldehyde is left in contact with ethyl-alcoholic potassium 
hydroxide. 

EXPERIMENTAL. 


Action of Alcoholic Potassium Hydroxide on o-Veratraldehyde. 
Formation of 2:3-Dimethoxycinnamic Acid.—In studying this 
change, o-veratraldehyde (20 grams), prepared by the methylation 
of pure o-vanillin in alkaline solution with methyl sulphate, was 
dissolved in ethyl alcohol (25 c.c. of 97 per cent.), added to a solu. 
tion of potassium hydroxide (30 grams) in alcohol (75 c.c.), and 
kept at the ordinary temperature over-night. The yellow solution, 
mixed with an equal volume of water, was evaporated on the 
steam-bath until free from alcohol, the deep brown liquid extracted 
with benzene, and the extract dried and distilled, when o-veratry] 
alcohol (8-5 gramns) passed over at 155—-160°/17 mm. The hot 
aqueous alkaline layer gave, on acidifying with hydrochloric acid, 
a yellow precipitate, which was immediately collected by the aid 
of the pump; the hot filtrate deposited, on standing, a white, 
crystalline acid (3 grams) which proved to be almost pure o-veratric 
acid. The yellow precipitate was recrystallised from benzene, 
from which a colourless acid separated in glistening needles which 
melted at 180° (Found: C = 63:0; H=6-0; WM, by titration, = 
205. C,,H,,.0, requires C = 63-5; H = 5:8 per cent.; M = 208). 
The ethyl ester of this acid melted at 43° and the dibromide at 152° 
(compare Krannichfeldt, Ber., 1913, 46, 4021) and, on oxidation 
with. alkaline permanganate, the acid yielded o-veratric acid. 
There can therefore be no doubt that the acid of melting point 
180° is 2 : 3-dimethoxycinnamic acid. The yield of the pure acid 
obtained in the above experiment was 4 grams. 

o-Vanillic Acid and its Conversion into 2-Hydroxy-3-methoxy-5- 
aldehydobenzoic Acid.—The demethylation of o-veratric acid to 
o-vanillic acid (compare p. 3172) was brought about by boiling 
the former acid (20 grams) with hydrobromic acid (d 1-3; 20 c.c.) 
and water (20 c.c.) for three hours in a reflux apparatus. On dilut- 
ing with water and allowing to stand for some hours, a colourless, 
crystalline mass was deposited which separated from benzene in 
needles melting at 152°. The aqueous solution gave, on the 
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addition of ferric chloride, a blue coloration, and the other pro- 

rties showed that it is o-vanillic acid identical with the acid 
obtained by fusing o-vanillin with potassium hydroxide under the 
following conditions : Potassium hydroxide (200 grams), moistened 
with water (5 c.c.), was fused in a nickel crucible and to the just 
molten mass o-vanillin (20 grams) was gradually added during 
eight minutes with efficient stirring. The cold mass, dissolved in 
as little water as possible, was gradually acidified with hydro- 
chloric acid, the whole being kept cold in a freezing mixture during 
the operation, as otherwise charring is apt to occur. The o-vanillic 
acid separated at first as an oil, but this rapidly crystallised and 
was collected; a further quantity was obtained by extracting the 
filtrate with ether. The whole was recrystallised from as little 
water as possible, from which the acid separated in needles con- 
taining 1 mol. of water (Found: C = 51:1; H = 5-3. C,H,0,,H,O 
requires C = 51-5; H=85-3 per cent.). The anhydrous acid 
separates from benzene in needles melting at 152°, which Fritzsch 
(Annalen, 1898, 301, 354) also states is the melting point of 
o-vanillic acid (guaiacolcarboxylic acid). 

2-H ydroxy-3-methoxy-5-aldehydobenzoic Acid (IV).—This acid is 
obtained in small yield when o-vanillic acid is subjected to the 
Tiemann-Reimer reaction. o-Vanillic acid (10 grams), chloroform 
(7-1 grams), and sodium hydroxide (11-9 grams) were heated 
together in a reflux apparatus on the steam-bath for five hours. 
The deep green liquid was rendered acid to Congo paper with 
hydrochloric acid, and the brown precipitate collected and washed 
with ether. It was then extracted with boiling water and the 
undissolved portion crystallised from acetone with the addition of 
animal charcoal. From the concentrated acetone solution crystals 
(1 gram) of 2-hydroxy-3-methoxy-5-aldehydobenzoic acid separated, 
m. p. about 272° (Found: C = 54:8; H=4-2. C,H,O; requires 
C= 55-1; H = 4-1 per cent.). The aqueous solution of the acid 
gives, with ferric chloride, a blue coloration and reduces ammoniacal 
silver solution. It is mentioned in the introduction that we were 
not successful with the small amount of material at our disposal, 
in converting the acid into 2: 3-dimethoxy-5-aldehydobenzoic 
acid. 

5-Hydroxy-4-methoxy-2-aldehydobenzoic Acid and m-Opianic Acid. 
—The demethylation of veratric acid and its conversion into iso- 
vanillic acid were carried out under the following conditions. 

Veratric acid (20 grams) was heated in a reflux apparatus with 
hydrobromic acid (d 1-3; 100 c.c.) and water (30 c.c.) for twenty- 
four hours, the product mixed with water, and the crystalline mass 
which separated was dried and extracted twice with boiling benzene, 
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which removed unchanged veratric acid and a little isovanillic 
acid. The residual isovanillic acid separated from water, in which 
it is sparingly soluble, in colourless plates melting at 250°. In order 
to convert the isovanillic acid into 5-hydroxy-4-methoxy-2-alde. 
hydobenzoic acid, the pure acid (20 grams), dissolved in water 
(46 c.c.) and sodium hydroxide (23-8 grams), was boiled in a reflux 
apparatus, and chloroform (14-2 grams) gradually added. After 
five hours, the deep green liquid was made acid to Congo paper 
with hydrochloric acid, when a white precipitate separated which 
proved to be unchanged isovanillic acid. The filtrate from this 
was evaporated to dryness, the mass extracted with hot acetone, 
and the acetone extract evaporated, when an oil remained which 
solidified to a yellowish-green mass. After repeated recrystal. 
lisation from water, a colourless, sandy, crystalline powder was 
obtained which contained 1 mol. of water of crystallisation (Found : 
C=5l-1; H=4-7. C,H,0O;,H,O requires C= 50:5; H=47 
per cent.). The water of crystallisation is lost at 100° and the 
anhydrous acid melts at about 178°. 

m-Opianic Acid.—The methylation of 5-hydroxy-4-methoxy. 
2-aldehydobenzoic acid was carried out by adding the acid (1 mol.) 
to sodium methoxide (2 mols.) and heating with excess of methyl 
iodide at 100° in a bottle immersed in boiling water. Water was 
added, the methyl alcohol removed by evaporation, the solution 
acidified with hydrochloric acid, extracted several times with 
ether, and the ethereal solution washed with thiosulphate to 
remove iodine. After distilling off the ether, a brown syrup remained 
which only partly crystallised, but, after hydrolysis with methy]| 
alcoholic potassium hydroxide and acidifying, a sandy powder 
separated which after crystallisation from water melted at 183— 
184° and proved to be m-opianic acid. 

The identity was confirmed by conversion into the phenylhydr- 
azone, which melted at 228° and had the characteristic properties 
observed by Fargher and Perkin (T., 1921, 119, 1743). 
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CONDENSATION OF AROMATIC AMINO-SULPHONIC ACIDS, ETC. 3177 


OCCLXXVII.—The Condensation of Aromatic Amino- 
sulphonic Acids with isoCyanic Acid, Phenyl- 
carbimide, and Cyanamide. 


eflux By Joun Ricuarp Scorr and Jutivs BEREND COHEN. 


After f Ix the condensation of para-substituted aniline-o-sulphonic acids 
aper F (I) with isocyanic acid, which was the subject of a previous com- 
‘hich munication (T., 1922, 121, 2034), it was shown that, when X = H, 
this (H,, or SO,H, the product is a carbamido-acid (II), and when 
tone, # x — Cl, Br, or I, the product is a biuret derivative (ITI). 


sta]. § NH-CO-NH, NH, NH-CO-NH-CO-NH, 
was (SOE B rast (S05H 2HONO (80H 
: ae — 
we hM \Z \/ 
oe xX x 
the (II.) (I.) (III.) 


Since the formation of a biuret derivative by the condensation 


. of an amino-acid with isocyanic acid has apparently not been 
thy! observed previously, it was thought of interest to determine 
was § the conditions which bring about this reaction. The following 
ion | imfluencing factors have been investigated : 
vith (i) The nature of the atom or group X. In addition to the para- 
to § Substituted aniline-o-sulphonic acids (I) previously investigated 
ned @ (0c. cit.), some other acids of this type have now been examined. 
hyl When X = CO,H (p-amino-m-sulphobenzoic acid), the product 
der § % an apparently homogeneous substance, which, however, con- 
> § sists of the unchanged amino-acid mixed with a small amount of 
a condensation product the nature of which could not be deter- 
dr. | mined, as it could not be isolated. p-Amino-m-sulphobenzoic acid 
jes | W2S therefore converted into its ethyl ester (X = CO,Et), but on 
treating this with isocyanic acid, no condensation appeared to take 
place, as the ester was recovered unchanged. 
le When X = NH, (p-phenylenediaminesulphonic acid), the pro- 


duct was a mono-carbamido-compound, which might be repre- 


NH-CO-NH, NH-CO‘NH, NH-CO-NH, § NH-CO-NH, 
/\s0,H _. ~ \SO,H sie fa 
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sented by formula IV or V. An attempt was made to determine 


the constitution by replacing the amino-group by bromine, and 
5 n* 
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identifying the resulting bromo-acid, since both isomerides of the 
latter have been prepared. Although a little bromo-acid was 
apparently formed, it could not be isolated in sufficient quantity 
for its identification. 

(ii) The position of the atom or group X; as apparently the 
presence of a halogen atom is necessary in order to bring about 
condensation with two molecules of isocyanic acid, the succeeding 
experiments were confined to halogen derivatives. 

_5-Chloroaniline-o-sulphonie acid (VI) combines with one mole- 
cule of isocyanic acid, giving a carbamido-compound, whereas the 
corresponding p-chloro-acid (VII) gives a biuret derivative (Scott 
and Cohen, loc. cit.). 


NH, NH, 
(VI) »S0,H (80,H (VII.) 
ane i 


Cl 


(iii) The position of the sulphonic acid group. p-Bromoaniline- 
m-sulphonic acid (VIII), unlike the o-acid (IX), gives a carbamido- 
compound; o-bromoaniline-p-sulphonic acid (X), however, gives a 
biuret derivative. It is therefore evident that if the ortho- and 


NH NH, NH, NH, 
f™ AN fm 
(VIII.) Or son X.)| 80s H (X.) | Br \CO.H (XI) 
‘/ bd 
Br SO,H Br 


para-positions to the amino-group are filled, a biuret compound 
will be formed by the action of isocyanic acid, irrespective of 
whether the halogen occupies the para-position and the sulphonic 
acid group the ortho-position, or vice versa; if, however, one of 
the substituents is moved to the meta- -position, the condensation 
product will be a carbamido-compound. 

(iv) The nature of the acid group. 5-Bromoanthranilic acid 
(XI) gives a carbamido-compound, whereas the corresponding 
sulphonic acid (IX) gives a biuret derivative. 

Experiments were also made to determine whether those sul- 
phonic acids which condense with 2 mols. of isocyanic acid would 
also condense with 2 mols. of its derivatives, phenylcarbimide and 
cyanamide. It was found that the latter do not resemble iso- 
cyanic acid in this respect, since the condensation of #-chloro- 
and p-bromo-aniline-o-sulphonic acids (and also of p-toluidine- 
m-sulphonic acid) with cyanamide gives derivatives of phenyl- 
guanidine (XII), and the potassium salts of p-bromoaniline-o- 
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sulphonic acid and p-toluidine-m-sulphonic acid give, by the action 
of phenylearbimide, phenylearbamido-derivatives (XIII). 


NH-C(NH)-NH, NH-—C!NH NH-CO‘NHPh NH, 


(OH  ( SOyNH,  (” 80,K (A 
Fal of » a bg 
7 (XIII.) (XIV.) 


Summarising the above results, we may say ‘that, of the amino- 
acids so far examined, the only ones which condense with 2 mols. 
of isocyanic acid to give biuret derivatives are those of the type 
XIV, where A is a sulphonic acid group and B a halogen atom, 
or vice versa; these acids, however, do not condense with 2 mols. 
of cyanamide or of phenylcarbimide. 

Incidentally, it has been found that the sulphonation of para- 
substituted acetanilides affords a more convenient means of pre- 
paring certain para-substituted aniline-o-sulphonic acids than the 
methods described in the literature. In the preparation of p-tolu- 
idine-m-sulphonic acid by the sulphonation of p-toluidine (von 
Pechmann, Annalen, 1874, 173, 195), a troublesome fractional 
crystallisation is necessary to separate the meta-acid from the 
accompanying ortho-acid, and the final yield is only 20 per cent. 
By the sulphonation of aceto-p-toluidide, however, only p-toluidine- 
m-sulphonic acid is formed, and the yield is about 50 per cent. 
Kreis (Annalen, 1895, 286, 381) obtained p-bromoaniline-o-sul- 
phonic acid by the sulphonation of p-bromoacetanilide; p-chloro- 
acetanilide has been found similarly to give a good yield of p-chloro- 
aniline-o-sulphonic acid. p-Amino-m-sulphobenzoic acid, originally 
obtained by the action of ammonia on p-bromo-m-sulphobenzoic 
acid, is readily prepared by the sulphonation of p-acetylamino- 
benzoic acid. It is interesting to note that the action of sulphuric 
acid on p-aminobenzoic acid does not give the corresponding sul- 
phonic acid, but the sulphone (XV) (Michael and Norton, Ber., 
1877, 10, 580). o-Bromoaniline-p-sulphonic acid (XVI) has also 
been i by the sulphonation of o-bromoacetanilide. 


NH, NH, NH, 
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(y , Fy 
O,H 0H S0,H 
(XV.) (XVI) (XVIL) 


It will be noticed that in all these sulphonations of acetylamino- 


compounds, the product has the sulphonic acid group in the ortho- 
5 Nn*2 
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or para-position to the amino-group, whereas in the sulphonation 
of the corresponding amino-compounds the sulphonic acid group 
enters mainly or entirely the ortho- or para-position to the halogen, 
and in the case of p-toluidine enters partly ortho to the methyl. 
and partly ortho to the amino-group (von Pechmann, loc. cit.); 
this is shown by the fact that p-chloro- and p-bromo-anilines give 
mainly the m-sulphonic acids (Armstrong and Briggs, P., 1892, 8, 
40; Claus and Mann, Annalen, 1891, 265, 94), whilst o-bromo- 
aniline gives 6-bromoaniline-m-sulphonic acid (XVII) (Augustin 
and Post, Ber., 1875, 8, 1560; Andrews, Ber., 1880, 13, 2126). 
These facts suggest that the acetylamino-group has a more powerful 
ortho-para-directing influence than the amino-group. 


EXPERIMENTAL. 


p-Amino-m-sulphobenzoic Acid.—This acid has apparently only 
been prepared previously by heating p-bromo-m-sulphobenzoic 
acid with ammonia in a sealed tube (Fischer, Ber., 1891, 24, 3801; 
van Dorssen, Rec. trav. chim., 1910, 29, 374); as this method is 
inconvenient for preparing the acid in quantity, the sulphonation 
of p-acetylaminobenzoic acid was investigated, and found to be a 
satisfactory method for preparing p-amino-m-sulphobenzoic acid. 

p-Acetylaminobenzoic acid was obtained in 65 per cent. yield 
by the method of Kaiser (Ber., 1885, 18, 2942), who, however, 
gives the yield as 50 per cent. Forty grams of the acid were mixed 
with 35 grams of fuming sulphuric acid (d 1-880, containing 10 per 
cent. of SO,) and the resulting mass was heated in a basin on a 
sand-bath. At 140°, effervescence (due to the evolution of acetic 
acid) commenced, and proceeded rapidly at 170°; after keeping 
at this temperature for a short time, the mass became almost 
solid, and, to avoid charring, the heating was continued in an 
oven (170°) until the mass was quite dry. It was then dissolved 


in 1500 c.c. of hot water, neutralised with barium carbonate, filtered, | 


and the barium precipitated from the filtrate by sulphuric acid. 
The solution of the free acid,"after decoloration with animal char- 
coal, was cooled, when a portion of the sulphonic acid separated in 
small, glistening plates; the greater part of the acid was obtained 
by concentrating the mother-liquors. The first crop evidently 
contained a little p-acetylaminobenzoic acid, as it softened at 
250° (the melting point of the latter compound); it was therefore 
recrystallised from hot water. The total yield was 26 grams 
(= 55 per cent. of the theoretical); the purity of the product was 
proved by analysis [Found: 01512 gram neutralised 11-52 c.c. of 
0-1196N-sodium hydroxide. Cale. for C;H,O;NS (dibasic), 11-65 
c.c.]. 
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The position of the sulphonic acid group follows from the rules 
of substitution, as both the carboxyl and acetylamino- (or amino-) 
groups tend to produce substitution in the meta-position to the 
carboxyl group; it is confirmed by the fact that the acid, like that 
obtained by Fischer and van Dorssen, crystallises in anhydrous, 
glistening plates, whereas p-amino-o-sulphobenzoic acid forms 
monohydrated needles. 

The aniline salt of p-amino-m-sulphobenzoic acid is prepared by 
adding aniline to a suspension of the acid in a little hot alcohol; 
on cooling the clear solution thus formed, the salt separates in 
colourless, prismatic needles. After recrystallisation from alcohol, 
in which it is readily soluble, it melts with vigorous effervescence at 
228—229°, at the same time turning yellow. 

Action of Potassium Cyanate on p-Amino-m-sulphobenzoic Acid.— 
By the action of 2 or 4 mols. of potassium cyanate on p-amino- 
m-sulphobenzoic acid, the former is decomposed, yielding the 
potassium salt of the sulphonic acid and possibly a small amount 
of a carbamido- or biuret derivative, which was difficult to isolate 
and too small in amount to investigate further. 

Ethyl p-Amino-m-sulphobenzoate-—Seven grams of p-amino-m- 
sulphobenzoic acid were boiled under reflux for ten hours with 
150 c.c. of alcohol (dried over sodium) containing 6 grams of hydrogen 
chloride; the sulphonic acid did not pass into solution, as the ester, 
like the free acid, is: practically insoluble in alcohol. After the 
reaction mixture had been cooled, the crude ester was filtered off 
and recrystallised from hot water. The yield of pure ester was 
4 grams (= 50 per cent. of the theoretical). It crystallises from 
water, in which it is sparingly soluble, in anhydrous, thin, glistening 
plates, which turn orange-red and decompose with vigorous effer- 
vescence at 263° (Found: N = 5-95. C,H,,0;NS requires N = 
5-71 per cent. 0-2130 Gram neutralised 7-47 c.c. of 0-1196N- 
sodium hydroxide. Calc. for monobasic acid, 7-27 c.c.). It was 
assumed to be a carboxylic ester by analogy with the sulphobenzoic 
acids, all three of which give carboxylic esters on esterification by 
the Fischer-Speier method. By the action of potassium cyanate 
in the usual way, the ester was recovered unchanged. 

Condensation of p-Phenylenediaminesulphonic Acid with isoCyanic 
Acid.—Forty-nine grams (1 mol.) of p-phenylenediaminesulphonic 
acid (D.R.-P. 64908), 42 grams of potassium cyanate (2 mols.), and 
26 c.c. of hydrochloric acid (1 mol.) were mixed with 390 c.c. of 
water and the solution was evaporated as far as possible on the 
water-bath. The residue consisted of a purple, viscous mass which 
showed no tendency to crystallise on cooling; it could not be 
crystallised from water, and on adding alcohol to an aqueous 
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solution the substance separated as a viscous liquid. The whole 
was therefore heated with 170 c.c. of hydrochloric acid, when it 
mostly dissolved, but after a short time a solid began to separate, 
The heating was continued for thirty minutes and the mixture 
then kept over-night. The resulting pasty mass was filtered and 
the solid recrystallised from 160 c.c. of boiling water, with the 
addition of animal charcoal. Crude p-aminophenylcarbamide-m. 
(or o)-sulphonic acid was thus obtained as minute, pale violet 
plates; for analysis, it was recrystallised from water. p-Amino. 
phenylearbamide-m(or 0)-sulphonic acid forms minute plates having 
a slightly violet colour, probably due to impurity. It is anhydrous, 
and decomposes at about 274° to a bulky froth which gradually 
acquires a deep purple colour (Found: N = 17-82. C,H,O,N,S 
requires N = 18-18 per cent. 0-2035 Gram neutralised 10-45 c.c, 
of 0-0856N-sodium hydroxide. Cale. for monobasic acid, 10:30 
c.c.). Unlike all the other carbamidosulphonic acids yet examined, 
it is rather sparingly soluble in water. 

To examine the action of nitrous acid on this substance, it was 
dissolved in dilute sodium hydroxide solution, and sodium nitrite 
(1 mol.) added. On acidifying the solution with hydrochloric 
acid, a yellow coloration was produced, and soon crystals began to 
separate, but there was no evolution of nitrogen. After standing 
for fifteen minutes, the crystals were filtered off, washed, and dried. 
This substance forms yellow, thin, glistening flakes, practically 
insoluble in water, and decomposing, without melting, to a dark 
brown mass at 171—173°. As it gives a red azo-colour with alkaline 
6-naphthol, it is presumably a diazo-compound ; it is quite different 
in crystalline form from the diazo-compound produced from 
p-phenylenediaminesulphonic acid. 

In order to replace the diazonium group by bromine, the sub- 
stance was suspended in warm water and added to warm cuprous 
bromide solution. Nitrogen was evolved and the substance soon 
passed into solution. The liquid was acidified with hydrochloric 
acid, and the copper precipitated by hydrogen sulphide. The 
filtered solution was evaporated to small bulk and treated with an 
equal volume of hydrochloric acid. The crystals which separated 
consisted of sodium bromide and contained no organic matter. 
The filtrate from this, on further evaporation, gave a little solid 
substance which decomposed to a violet, frothy mass at about 
260°. This may therefore have contained a p-bromophenylcarb- 
amidesulphonic acid, but the amount was too small to permit of 
its separation from the inorganic matter. 

Action of Aniline on p-Aminophenylcarbamide-m (or 0)-sulphonic 
Acid.—A mixture of 1 gram of the acid and 1 gram of aniline was 
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heated to 160°, when it liquefied, and then, after about five minutes, 
resolidified to a stiff paste. After heating for a further ten minutes, 
the mass was cooled, ground with ether to remove excess of aniline, 
and the solid boiled with 50 c.c. of dilute sodium hydroxide solution. 
The insoluble residue was recrystallised from alcohol, with the 
addition of animal charcoal. It then formed small, colourless 
prisms and was identified as s-diphenylcarbamide; it melted at 
936-0—236°5°, and at 236—237° when mixed with an authentic 
specimen (m. p. 237-0—237-5°). The presence of a carbamido- 
group in the product of condensation of p-phenylenediamine- 
sulphonic acid and isocyanic acid is thus proved, since it has been 
shown (T., 1922, 124, 2035) that carbamido-sulphonic acids give 
s-diphenylearbamide by heating with excess of aniline, whereas 
biuret derivatives give s-diphenylbiuret. 

When the crude p-aminophenylcarbamide-m (or 0)-sulphonic 
acid was added to boiling 60 per cent. hydrochloric acid it dissolved, 
but almost immediately a crystalline solid began to separate. 
After cooling, this was filtered off and dried in air. This substance 
forms thick, square plates, decomposing at 270° to a dark mass; 
it is apparently a hydrochloride of the carbamido-acid, since by 
the action of silver nitrate in dilute nitric acid solution, silver 
chloride is precipitated (the chlorine was estimated in this way) 
(Found: Cl = 7:32. 2C,H,O,N,S8,HCl requires Cl = 7-12 per cent. 
0-3266 Gram neutralised 16-62 c.c. of 0-1184N-sodium hydroxide. 
Calc. for tribasic acid, 16-60 c.c.). 

Condensation of 5-Chloroaniline-o-sulphonic Acid with isoCyanic 
Acid.—Eight grams (1 mol.) of 5-chloroaniline-o-sulphonic acid 
(Claus and Bopp, Annalen, 1891, 265, 105) and 4-8 grams of potass- 
ium cyanate (1-5 mols.) were mixed with 70 c.c. of water; 2 c.c. 
of hydrochloric acid (0-5 mol.) were added and the mixture was 
evaporated to dryness. The residue was recrystallised by boiling 
with 30 c.c. of alcohol and adding hot water until solution was 
complete. The filtered liquid, on standing over-night, deposited 
a little solid matter, and a further quantity was obtained by con- 
centrating the mother-liquors. The whole of the solid was dis- 
solved in 10 c.c. of hot water and after the addition of 20 c.c. of 
hydrochloric acid the mixture was evaporated to a pasty con- 
sistency and then cooled and filtered. The solid, after drying on 
a porous plate, was heated with 15 c.c. of water; some insoluble 
matter was filtered off and the filtrate cooled, when a little amor- 
phous solid separated. The filtered solution was treated with an 
equal volume of hydrochloric acid; the crystals of potassium 
chloride, which separated on standing, were filtered off and the 
filtrate was concentrated and allowed to stand in an open vessel, 
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when minute nodules, mixed with potassium chloride, slowly 
separated. This mixture was dissolved in 3 c.c. of boiling water 
and the solution filtered and cooled, when a mass of minute plates 
separated ; these were filtered off and dried in air. As this product 
contained potassium and was neutral to litmus, it was evidently 
the potassium salt of the condensation product. Potassium 
5-chlorophenylcarbamide-o-sulphonate was thus obtained as minute, 
colourless plates, decomposing at 285° (Found: in air-dried 
material, H,O = 5-32; in material dried at 130°, N = 9-52, 
C,H,0,N,CISK,H,O requires H,O = 5-87. C,H,O,N,CISK requires 
N = 9-71 per cent.). It is readily soluble in water, and when 
treated with sodium nitrite in acid’solution gives nitrogen and a 
diazonium salt. 

Condensation of p-Bromoaniline-m-sulphonic Acid with isoCyanic 
Acid.—Five grams (1 mol.) of p-bromoaniline-m-suiphonic acid 
(Kreis, Annalen, 1895, 286, 377), 2-4 grams of potassium cyanate 
(1-5 mols.), and 1 c.c. of hydrochloric acid (0-5 mol.) were dissolved 
in 40 c.c. of water and the solution was evaporated to dryness, 
The residue was dissolved in a little boiling water, and the pasty 
solid, which separated on cooling and standing, filtered off, dried 
on a porous plate, and dissolved in a little hot water. The filtered 
solution was treated with twice its volume of hydrochloric acid, 
boiled for a minute, and cooled, when p-bromophenylearbamide. 
m-sulphonic acid separated in granular crystals. It was recrystal- 
lised twice by dissolving in hot water, adding an equal volume of 
hydrochloric acid, and cooling. p-Bromophenylcarbamide-m-sul- 
phonic acid then separated in anhydrous, colourless, rhombic 
plates, decomposing at 265—268° (Found: N = 9-16. C,;H,0,N,Brs 
requires N = 9-49 per cent. 0-3015 Gram neutralised 12-15 c.c. of 
0-0856N-sodium hydroxide. Calc. for monobasic acid, 11-95 c.c.), 
It is very soluble in water, and is decomposed by nitrous acid, 
giving nitrogen and a diazonium salt. 

0-Bromoaniline-p-sulphonic Acid.—This acid, which has not been 
previously described, was obtained by the sulphonation of o-bromo- 
acetanilide. o-Nitrobromobenzene (Ullmann, Ber., 1896, 29, 1880) 
was reduced to o-bromoaniline according to Dobbie and Marsden 
(T., 1898, '73, 254), and the product acetylated with acetic anhydride. 
Twenty-two grams of o-bromoacetanilide were sulphonated with 
11 grams of fuming sulphuric acid (d 1-880), the same method 
being used as in the preparation of p-toluidine-m-sulphonic acid 
from aceto-p-toluidide (p. 3190). The sulphonation took place 
more rapidly than with the latter substance, and after completing 
the reaction in an air-oven, the resulting dark-coloured, hard mass 
was broken up and dissolved in a hot solution of 12 grams of 
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anhydrous sodium carbonate in 150 c.c. of water. The solution 
was boiled with animal charcoal, filtered, and acidified with 35 c.c. 
of hydrochloric acid. On cooling, the sulphonic acid separated as a 
thick mass of hair-like needles; a further quantity was obtained 
by concentrating the mother-liquors. The yield (after drying in a 
vacuum) was 19 grams (= 74 per cent. of the theoretical); for 
analysis, a portion was recrystallised from hot water. 

o-Bromoaniline-p-sulphonic acid crystallises in felted masses of 
colourless, hair-like needles, which are anhydrous [Found: 0-3362 
gam neutralised 11-21 c.c. of 0-1184N-sodium hydroxide. Cale. 
for CsH,O,NBrS (monobasic), 11-25 c.c.]. It is sparingly soluble 
in cold and moderately soluble in hot water, and does not melt or 
decompose below 300°. 

The position of the sulphonic acid group was determined by 
boiling 0-5 gram of the acid with 0-75 gram of zinc dust and 10 c.c. 
of 5 per cent. sodium hydroxide solution for twelve hours. The 
solution was then filtered and acidified with hydrochloric acid. 
The sulphanilic acid that separated on cooling was identified by 
comparison with an authentic specimen (efflorescent, rhombic plates : 
colour reaction with dilute sulphuric acid and manganese dioxide, 
reddish-violet, changing to violet-brown on boiling; metanilic acid 
gave a purplish-brown colour changing to dull brown on boiling, 
and aniline-o-sulphonic acid gave a yellowish-green colour changing 
to brown). 

The aniline salt of o-bromoaniline-p-sulphonic acid was prepared 
by heating the acid with aniline and alcohol; on cooling the clear 
solution thus obtained, the salt separated in prisms which, after 
recrystallisation from alcohol, melted at 221° to a brown liquid 
which gradually acquired a purple colour. 

Condensation of o-Bromoaniline-p-sulphonic Acid with isoCyanic 
Acid.—Sixteen grams of the sulphonic acid (1 mol.), 7-6 grams of 
potassium cyanate (1-5 mols.), and 3-2 c.c. of hydrochloric acid 
| (05 mol.) were together dissolved in 120 c.c. of water, and the 
resulting clear solution was evaporated to dryness. The residue 
was dissolved in sufficient boiling water to make 30 c.c. of solution, 
which was filtered hot and kept over-night. The white, pasty 
substance which separated was filtered off, dried on a porous plate, 
and dissolved in 25 c.c. of hot water. After the addition of 50 c.c. 
of hydrochloric acid and bringing to the boiling point, the mixture 
was allowed to cool, when glistening plates of o-bromophenylbiuret- 
| p-sulphonic acid first separated (A). These were filtered off while 
_ the liquid was still hot, and on further cooling the filtrate, a mass 
» of very fine needles separated. The latter was filtered off, dried in 
/@ vacuum to remove hydrochloric acid, and recrystallised from 
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40 c.c. of hot water. The product then formed hair-like needles 
and was identified as o-bromoaniline-p-sulphonic acid by means of 
its aniline salt, which formed colourless prisms, m. p. 222°, and 
melting at 221° when mixed with an authentic specimen. On 
treating the mother-liquor from this acid with an equal volume of 
hydrochloric acid and keeping it over-night, a further quantity of 
o-bromophenyl-biuret-p-sulphonic acid separated; this, however, 
was not mixed with the main fraction, as it contained some of the 
amino-acid, which could not be removed by recrystallisation. 

The first crop of the biuret derivative (A) weighed 1-7 grams; 
it dissolved readily in 10 c.c. of cold water, and on adding 10 c.c, 
of hydrochloric acid the substance again separated in thin, glistening 
plates, which were recrystallised twice from boiling, dilute hydro. 
chlorie acid (2 vols. of acid to 1 of water). 

o-Bromophenylbiuret-p-sulphonic acid was thus obtained in 
glistening, elongated laminz, decomposing to a frothy mass at 
229—231°. The product purified as described above still showed 
a rather high nitrogen content, but the amount of substance remain- 
ing was insufficient to permit of further purification (Found: in 
material dried over sulphuric acid, H,O = 10-07; in material 
dried at 140°, N = 13-05. C,H,O;N,BrS,2H,O requires H,0 = 
9-63. C,H,O;N,BrS requires N = 12-43 per cent. 0-1476 Gram 
of the hydrated substance neutralised 3-33 c.c. of 0-1184N-sodium 
hydroxide. Calc. for monobasic acid, 3-33 c.c.). This acid is 
readily soluble in cold water, and shows the characteristic behaviour 
of a biuret derivative towards nitrous acid. The latter reagent 
produces no evolution of nitrogen, and the subsequent addition of 
alkaline ®-naphthol gave only a pale orange-yellow coloration 
(compare the action of nitrous acid on potassium p-bromophenyl- 
biuret-o-sulphonate, and on as-phenylbiuret, Scott and Cohen, T., 
1922, 121, 2045, 2051). 

On adding aniline to a hot, concentrated, alcoholic solution of 
the acid and cooling, no crystals separated, but on adding excess 
of chloroform, an amorphous solid was precipitated. This was 
filtered off, washed with chloroform, and dried in a vacuum. ‘The 
product, which was presumably the aniline salt, was a white powder, 
melting with decomposition at 184—186°. 

Condensation of 5-Bromoanthranilic Acid with isoCyanic Acid— 
Two grams (1 mol.) of 5-bromoanthranilic acid (Alt, Ber., 1889, 22, 
1645) were dissolved in a hot mixture of 25 c.c. of water and 4 c.c. 
of hydrochloric acid (4 mols.). On adding 3-2 grams of solid 
potassium cyanate (4 mols.) a vigorous effervescence took place, 
and a little amorphous solid matter separated. The filtered solu- 
tion was cooled and acidified with hydrochloric acid, which threw 
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down a yellow precipitate of 5-bromo-o-carbamidobenzoic acid 
mixed with some unchanged amino-acid. To remove the latter, 
the precipitate was dissolved in a little warm, aqueous sodium 
carbonate, and the solution, after filtering, acidified with excess 
of dilute hydrochloric acid; the carbamido-acid was reprecipitated, 
while the amino-acid remained in solution as the hydrochloride. 
The precipitated acid was dissolved in hot, dilute alcohol; on 
cooling the solution, a small quantity of flocculent crystals first 
separated. These were filtered off and, on further cooling the 
filtrate, the pure carbamido-acid separated in clusters of small 
prisms. 

5-Bromo-o-carbamidobengoic acid forms small, pale buff prisms, 
which are anhydrous (Found: N = 10-92. C,H,O,N,Br requires 
N= 10-81 per cent.). It is sparingly soluble in water, but readily 
soluble in alcohol, and decomposes at 182-5°. The hydantoin was 
prepared by evaporating to dryness on the water-bath a mixture 
of 1 gram of the carbamido-acid, 14 c.c. of hydrochloric acid, and 
6 c.c. of water. The residue was heated with 20 c.c. of 50 per 
cent. alcohol to remove any unchanged acid, and the insoluble 
hydantoin filtered off and dried in a vacuum (Found: N = 11-58. 
C,H,O,N,Br requires N = 11-62 per cent.). It is a cream-coloured 
powder, insoluble in water and sparingly soluble in alcohol. 

Condensation of p-Bromoaniline-o-sulphonic Acid with Cyanamide. 
—A mixture of 20 grams (1 mol.) of p-bromoaniline-o-sulphonic 
acid (T., 1922, 124, 2043), 13-75 grams of sodium cyanamide 
(2 mols.), 24 c.c. of hydrochloric acid (3 mols.), and 200 c.c. of 
water was heated on the water-bath, when a clear solution was 
soon obtained; after a short time, a bulky mass of fine needles 
separated and the mixture acquired a pale green colour. It was 
evaporated to dryness, the residue boiled with 500 c.c. of water, 
and filtered hot. The greater part of the product remained undis- 
solved and consisted of crude p-bromophenylguanidine-o-sulphonic 
acid. A portion of it was recrystallised from a very large volume 
of boiling water with the addition of animal charcoal; on cooling, 
the pure acid separated in fine, colourless needles. 

p-Bromophenylguanidine-o-sulphonic acid forms colourless, long, 
hair-like needles, which do not melt or decompose below 300° 
(Found: in material dried over sulphuric acid, H,O = 5-77, 5-79; 
in material dried at 140°, C = 28:39; H=2-79; N = 14:35. 
C,H,O,N,BrS,H,O requires H,O = 5-77. C;H,O,N,BrS requires 
C= 28-57; H = 2-72; N = 14-28 per cent.). This acid is spar- 
ingly soluble in water (giving a neutral solution) and in glacial 
acetic acid, but practically insoluble in alcohol or acetone; it 
dissolves in sodium hydroxide, but not in sodium carbonate solution, 
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The potassium salt was prepared by treating the acid with sufficient 
boiling, aqueous potassium hydroxide (8 per cent.) to give a clear 
solution; on cooling, the salt separated in glistening, flattened 
needles or elongated plates. It was filtered off, washed with 
alcohol, and dried over sulphuric acid (Found: K = 11-44 
C,H,O,N,BrSK requires K = 11-75 per cent.). Except in the 
presence of excess of alkali, this salt is hydrolysed by water, the 
free acid being precipitated in fine needles. 

Condensation of p-Chloroaniline-o-sulphonic Acid with Cyanamide, 
—This was carried out in the same way as for the bromo-acid (sce 
above), using 4-4 grams of p-chloroaniline-o-sulphonic acid (pre. 
pared as described on p. 3190), 3-4 grams of sodium cyanamide, 
6 c.c. of hydrochloric acid, and 40 c.c. of water. The product 
obtained by recrystallisation from water, however, proved to be 
impure (Found: in material dried at 135°, N = 18-05, 18-11 per 
cent.). It was therefore converted into the potassium salt (as in 
the preparation of potassium p-bromophenylguanidine-o-sulphonate 
described above), which was dissolved in a large volume of hot 
water, and the solution acidified with dilute hydrochloric acid. 
On cooling, the pure sulphonic acid crystallised out. 

p-Chlorophenylquanidine-o-sulphonic acid was thus obtained as 
fine, colourless needles, remaining unchanged below 300° (Found: 
in material dried over sulphuric acid, H,O = 6-64, 6-78; in material 
dried at 135°, N = 16-46. C,H,O,N,CIS,H,O requires H,O = 6:73. 
C,H,O;N,CIS requires N = 16-83 percent.). Its properties resemble 
those of the corresponding bromo-acid, but it is more soluble in 
water than the latter. The potassium salt forms rectangular or 
octagonal plates, and is dissociated by water with liberation of the 
free acid. 

Condensation of p-Toluidine-m-sulphonic Acid with Cyanamide. 
—A mixture of 9-75 grams (1 mol.) of p-toluidine-m-sulphonic 
acid (p. 3190), 8-6 grams of sodium cyanamide (2 mols.), 15 c.c. of 
hydrochloric acid (3 mols.), and 100 c.c. of water was evaporated 
to dryness and the pale green residue recrystallised from 400 c.c. 
of boiling water, with the addition of animal charcoal to decolorise 
the solution. On cooling the filtered solution, p-guanidinotoluene- 
m-sulphonic acid separated in fine, colourless needles. This 
product, however, was shown by analysis to be impure (Found: 
in material dried at 145°, C=41-27; H=4-87; N = 19-36. 
C,H,,0,N,8 requires C = 41-92; H = 4:80; N = 18-34 per cent.). 
Repeated crystallisations from water or dilute hydrochloric acid 
did not yield a pure product. The substance was therefore dissolved 
in a little warm sodium hydroxide solution; on cooling, the sodium 

salt separated as a mass of needles, which was filtered off and 
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dissolved in a large volume of boiling water. The solution was 
acidified with hydrochloric acid and cooled, when the pure sulphonic 
acid crystallised out in fine needles, which were dried for several 
days over sulphuric acid. 

p-Guanidinotoluene-m-sulphonic acid forms colourless, long, fine, 
silky needles, which do not melt below 300° (Found: in material 
dried over sulphuric acid, H,O = 7-48; in material dried at 145°, 
N= 18-54. C,H,,0,N,8,H,O requires H,O = 7-29. C,H,,03N,8 
requires N = 18-34 per cent.). Its properties are similar to those 
of p-bromo- and p-chloro-phenylguanidine-o-sulphonic acids, but 
it is more soluble in water and in alcohol. The sodium salt forms 
fine, colourless needles, and is dissociated by water with formation 
of the free acid. 

Condensation of p-Bromoaniline-o-sulphonic Acid with Phenyl- 
carbimide.—p-Bromoaniline-o-sulphonic acid was prepared by the 
method previously described (T., 1922, 121, 2043); 2-7 grams of 
this acid (1 mol.), and 0-56 gram of potassium hydroxide (1 mol.) 
were dissolved in 35 c.c. of water, 2-4 grams of phenylcarbimide 
(2 mols.) were added, and the mixture was shaken, when a curdy, 
white solid soon separated. After an hour, the mixture was heated 
to decompose excess of phenylearbimide, diluted to 120 c.c., boiled, 
and filtered. The insoluble residue consisted of s-diphenylearb- 
amide (m. p. 234—235°). The filtrate, on cooling, deposited a 
little more of the latter substance ; after removing this by filtration, 
the liquid was concentrated and allowed to crystallise. 

Potassium 4-bromo-s-diphenylcarbamide-2-sulphonate was thus 
obtained as colourless needles, which sintered to a thin core 
at 126—128° and then melted with decomposition at 218—223° 
(Found: in material dried in a vacuum over sulphuric acid, 
H,O = 7-65, 8-09; in material dried at 130°, N= 6-88. 
C,3H,90,N.BrSK,2H,O requires H,O = 8-09. C,3H,)0,N,BrSK 
requires N = 6-85 per cent.). This salt is moderately soluble in 
hot water, ‘but sparingly soluble in cold water. 

Condensation of p-Toluidine-m-sulphonic Acid with Phenylcarb- 
imide.—This was carried out exactly as for p-bromoaniline-o- 
sulphonic acid (see above), using 1:95 grams of p-toluidine-m- 
sulphonic acid in place of the former. On shaking with phenyl- 
carbimide, a slight, flocculent precipitate was first formed, but soon 
the condensation product separated in long, silky needles. It was 
isolated in the manner described above. 

Potassium s-phenyl-p-tolylcarbamide-2'-sulphonate crystallises from 
hot water, in which it is moderately soluble, in long, colourless, 
silky needles; it sinters at 175—185° and, after partially melting 
at 210—215°, resolidifies (Found: in material dried over sulphuric 
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acid, H,O = 7-15, 7-26; in material dried at 135°, N = 8-26. 
C,,H,30,N.SK,1-5H,O requires H,O = 7-28. C,,H,,0,N,SK 1. 
quires N = 8-14 per cent.). 

Preparation of p-Toluidine-m-sulphonic Acid from Aceto-p-tolu. 
idide.—Aceto-p-toluidide (25 grams) was mixed with fuming 
sulphuric acid (19 grams, containing 10 per cent. of SO.) and the 
resulting hot, brown, viscid mass heated on a sand-bath. At about 
140°, the mass liquefied and the reaction commenced, acetic acid 
vapour being given off. The temperature was then raised to, 
and maintained at, 170° until, after about forty-five minutes, the 
mixture was converted into a pasty solid. This was broken up 
and the heating continued at 170° in an air-oven until a portion 
was completely soluble in sodium carbonate solution. The hard 
mass was ground up with 40 c.c. of water, and the solid filtered 
off and recrystallised from 600 c.c. of boiling water, with the addition 
of animal charcoal. On cooling, p-toluidine-m-sulphonic acid 
separated in small, faintly yellow needles, a further quantity being 
obtained by concentrating the mother-liquors. The yield was 
17 grams (= 51 per cent. of the theoretical) and the product was 
shown by microscopic examination to be entirely free from /p-tolu- 
idine-o-sulphonic acid (the characteristic rhombic plates of the 
latter substance can readily be detected in a mixture of the m-acid 
with a small quantity of the o-acid). Its purity was confirmed by 
analysis (0-4054 gram neutralised 17:35 c.c. of 0-1184N-sodium 
hydroxide. Cale. for C,H,N-S,H,0-5H,O, 17-46 c.c.). 

Preparation of p-Chloroaniline-o-sulphonic Acid from p-Chloro- 
acetanilide.—p-Chloroacetanilide (32-5 grams) was sulphonated with 
20 grams of fuming sulphuric acid (10 per cent. of SO), the process 
being similar to that used in preparing p-toluidine-m-sulphonic acid 
(see above). Instead of recrystallising the crude product from 
water, however, it was dissolved in a hot solution of 25 grams of 
anhydrous sodium carbonate in 500 c.c. of water, the solution 
decolorised with animal charcoal, filtered hot, and acidified with 
115 c.c. of hydrochloric acid, when the sulphonic acid was pre- 
cipitated in small, oblong plates (33 grams = 83 per cent. of the 
theoretical). By recrystallisation from hot water, the acid was 
obtained as fine, colourless needles; its identity with p-chloro- 
aniline-o-sulphonic acid obtained from p-chloroaniline and amido- 
sulphonic acid (Paal, Ber., 1901, 34, 2753) was proved by preparing 
its aniline salt, which formed glistening, rhombic plates, m. p. 
211-5—212-0°. The aniline salt of the acid prepared by Paal’s 
method melted at 211°, and a mixture of the two specimens at 
211—212°., 

This acid crystallises from hot, aqueous solutions in anhydrous, 
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rismatic needles, and from dilute, almost cold solutions in fine, 
monohydrated needles (Found: H,0 = 8-03. C,H,O,NCIS,H,O 
requires H,O = 7-98 per cent.); the monohydrate is not mentioned 
in the literature. 
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OCCLXXVITI.—Sulphonation of para- Substituted 
Phenylcarbamides. 


By Joun Ricuarp Scort. 


Since Scott and Cohen (T., 1922, 124, 2034) have shown that the 
action of isocyanic acid on the p-halogenoaniline-o-sulphonic acids 
gives rise to biuret derivatives (I) instead of carbamido-derivatives 
(II), it was considered desirable to prepare the latter by other 
methods and to determine whether they could be converted into 
the corresponding biuret derivatives. 


NH-CO-NH:CO-NH, NH-CO-NH, NH-CO-NH, “4 

aN A i ty 

( S0,H (I.) ( 80,8 (II.) | p08 (IIL) 
/ \/ —s. 

Hal. Hal. Me 


Three methods for preparing these carbamido-acids were 
investigated, (a) the action of ammonia on the corresponding 
urethane, (b) the halogenation of o-carbamidobenzenesulphonic 
acid, and (c) the sulphonation of the appropriate p-substituted 
phenylearbamides. The last method gave the most satisfactory 
results; the first failed entirely. p-Chloro- and p-bromo-phenyl- 
carbamides gave the corresponding o-sulphonic acids (II), re- 
spectively, whilst p-tolylearbamide gave p-carbamidotoluene-m- 
sulphonic acid (III) and a small amount of p-carbamidotoluene- 
o-sulphonic acid. The m-acid (III) was identical with that pro- 
duced from p-toluidine-m-sulphonic acid and isocyanic acid (loc. 
cit.) and was obtained in greatly improved yield. In the sulphon- 
ation of p-iodophenylearbamide, iodine was split off and p-carb- 
amidobenzenesulphonic acid resulted. 

The following methods for converting p-chloro- and p-bromo- 
phenylearbamide-o-sulphonic acids into the corresponding biuret 
derivatives were tried : 

(i) The reaction between the p-halogenoaniline-o-sulphonic 
acids and isocyanic acid probably takes place in two stages, since 
the simultaneous condensation with 2 mols. of isocyanic acid 
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would be a termolecular reaction, which is known to be an un.f in th 
common type. If the carbamido-acid (IV) is involved as anf carb 


NH, NH-CO-NH, NH-CO-NH-CO-NH,} _/ 

/N s i. 

( post HCNQ (IV.) er HCNO (03H . 

x SZ 
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intermediate product, this substance should condense with a sulp 
molecule of isocyanic acid to form the biuret derivative. Actually, f obta 
however, no condensation took place when potassium cyanate was f desc 
added to p-chloro- or p-bromo-phenylearbamide-o-sulphonic acid F pot 
in aqueous solution, or to the bromo-acid in dilute hydrochloric f [t i 
acid solution. It is therefore evident that if an intermediate fF pot 
carbamido-acid is produced in the reaction formulated above, it F cart 
must have a structure different from that of the acids obtained hyd 
by the sulphonation of p-substituted phenylcarbamides. The T 
latter acids, for reasons given below, are believed to have the iso- | tolu 
carbamide structure; the intermediate product (IV) may therefore } | : : 
have the normal structure as shown. It may be noted that Werner | jndi 
(P., 1914, 30, 262) obtained a 4 per cent. yield of isobiuret by 
the action of isocyanic acid on carbamide in hydrochloric acid 
solution. M 

(ii) Although carbamide reacts with ethyl chloroformate to 
produce ethyl allophanate, the carbamido-acids do not behave 
similarly, and the compound SO,H°C,H,X*NH-CO-NH:CO,Et was 
not obtained. y 

(iii) p-Bromophenylcarbamide-o-sulphonic acid was heated with , 
carbamide, but there was no evidence of the formation of a biuret 
derivative. . 

As ethyl chloroformate readily condenses with the amino-group " 
in potassium p-bromoaniline-o-sulphonate (p. 3201), its failure to } gat 
condense with the carbamido-acids suggested the absence of an | yn 
amino-group in these compounds. This was confirmed by their | agi 


behaviour towards phenylcarbimide; neither p-bromophenylcarb- | the 
amide-o-sulphonic acid, nor potassium p-chlorophenylcarbamide-o- lon 
sulphonate, nor potassium p-carbamidotoluene-m-sulphonate con- por 


denses with this reagent, whereas p-bromoaniline-o-sulphonic and } oh; 
p-toluidine-m-sulphonic acids condense readily (this vol., p. 3189). | by 
The isocarbamide structure, SO,H-C,H,X*NH-C(OH):NH, is there- | nit 
fore suggested for the o-carbamidosulphonic acids. 

One of the objects of the original investigation (Scott and Cohen, 
loc. cit.) was to determine whether the o-carbamido-sulphonic acids , 
could be converted into ring compounds (V) by the loss of water, | p- 
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in the same way that hydantoins (VI) are formed from o-carbamido- 


| carboxylic acids. 


(YNH-C(OH):NH —,0 /\NH-C-OH / \NH-0-OH 
BR 8 ~ X\_S0,'N \ 0-8 

(V.) (VI.) 
Experiments on the action of hydrochloric acid, acetyl chloride, 
thionyl chloride, and benzoyl chloride on p-carbamidotoluene-m- 
sulphonic acid gave no evidence of ring formation. The substance 
obtained by the action of phosphoryl chloride on this acid, as 
described previously (loc. cit.), has proved, on further examination, 
not to have the composition required by the ring compound (IX). 
It is evident, therefore, that the o-carbamido-sulphonic acids do 
not form these ring compounds so readily as the corresponding 
carboxylic acids, since the latter are quantitatively converted into 
hydantoins by heating with hydrochloric acid. 

The action of phosphoryl chloride on potassium p-carbamido- 
toluene-m-sulphonate gives a small yield of 3-chloro-7-methyl- 
1:2:4-benzosulphonediazine (VII), which is probably formed as 
indicated : 


NH 
( NNH-C(OH)'NH _ Poo, (\/YC-0H ax, ass 
Mel 80K > Me A IN am 
NH* .e 
CY Yet og 1 YY Noa (\NH-CN 
i , T N i N a | S : Y 
le AA fe. A/a Me AOI 
SO, No, 
(VIL) (VIII) 


The structure (VII) assigned to this product seemed to be more 
satisfactory than the alternative (VIII), since the substance is 
unchanged by boiling water or alcohol, and acts as a monobasic 
acid, the hydrogen (*) being replaceable by metals. Moreover, 
the chlorine is not readily removed by caustic soda solution; pro- 
longed boiling with the latter, however, gives the hydroxy-com- 
pound (IX). This ring compound, the analogue of the hydantoins 
obtained from o-carbamido-carboxylic acids, has thus been obtained 
by an indirect method. The chloro-compound (VII) can also be 
nitrated, giving a mononitro-derivative. 


EXPERIMENTAL. 


Sulphonation of p-Tolylcarbamide.—A mixture of 23 grams of 
p-tolylearbamide and 115 grams of fuming sulphuric acid (10 per 
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cent. SO,) was heated at 60° until, after about thirty minutes, 
test portion dissolved completely in cold water; the liquid was 
then poured gradually into 170 c.c. of water and, after one hour, 
the pink crystals of p-carbamidotoluene-m-sulphonic acid were 
filtered off, washed with a little hydrochloric acid, and dried in g 
vacuum. p-Carbamidotoluene-o-sulphonic acid was isolated from 
the filtrate by the method described below. The crude meta-acid, 
30 grams (= 79 per cent. of the theoretical), in 150 c.c. of hot 
water, was treated with animal charcoal and then with an equal 
volume of hydrochloric acid; the pure sulphonic acid separated in 
short, colourless prisms, which were dried in air. The substance 
was identified as p-carbamidotoluene-m-sulphonic acid (III) by 
analysis (Found: in air-dried material, N = 11-40. Calc., N= 
11-29 per cent.), and by comparison with an authentic specimen 
obtained from p-toluidine-m-sulphonic acid and potassium cyanate 
(Scott and Cohen, loc. cit.). The two acids, and also their aniline 
salts, showed identical crystalline forms and melting points, and a 
mixed melting-point determination with the aniline salts confirmed 
their identity. 

The product was shown to be free from the isomeric p-carbamido- 
toluene-o-sulphonic acid by hydrolysis with hydrochloric acid. 
Microscopic examination of the product showed it to consist entirely 
of p-toluidine-m-sulphonic acid, no trace of the characteristic 
crystals of the o-acid being recognisable. 

p-Carbamidotoluene-o-sulphonic Acid.—The filtrate from the 
crude m-acid was diluted, neutralised with barium carbonate, and 
filtered. The filtrate, after removal of barium as sulphate, was 
evaporated, a little unchanged p-tolylearbamide and p-toluidine- 
m-sulphonic acid successively separating. The final liquor (30 c.c.), 
after the addition of an equal volume of hydrochloric acid, slowly 
deposited minute, oval plates of p-carbamidotoluene-o-sulphonic 
acid; a hot, aqueous solution of these was treated with hydro- 
chloric acid and, on cooling, the pure sulphonic acid separated in 
rhombic plates (the yield was variable, the average being about 
1-5 grams from 23 grams of p-tolylearbamide). 

p-Carbamidotoluene-o-sulphonic acid forms thin, colourless, 
rhombic plates which are anhydrous and decompose at 255— 
256°, after turning yellow at about 245° (Found: N = 12-14. 
C,H, 90,N.8 requires N = 12-17 per cent.). It is very soluble in 
water, sparingly soluble in hydrochloric acid, and, like the other 
carbamido-acids, is decomposed by nitrous acid in acid solution 
with formation of nitrogen and a diazonium salt. As only two 
sulphonic acids of p-tolylcarbamide are theoretically possible and 
the m-compound has already been obtained (see above), the new 


SULPHONATION OF PARA-SUBSTITUTED PHENYLOARBAMIDES. 3195 


acid must be the o-compound. This deduction was confirmed, 
the acid yielding p-toluidine-o-sulphonic acid on hydrolysis with 
hydrochloric acid. 

The potassium salt, which is very soluble in water, was obtained 
by dissolving the acid and potassium hydroxide in hot, 90 per cent. 
alcohol, adding acetone, and cooling. The minute prisms which 
separated were washed with acetone and dried over sulphuric acid 
(Found: K = 13-09; loss on heating at 140° = 8-02. 

C,H,O,N,SK,0-5C,H,O 
requires K = 13-40; C,H,O = 7-90 per cent.). The presence of 
alcohol of crystallisation was proved by the iodoform reaction. 

Action of Phenylcarbimide on Potassium p-Carbamidotoluene- 
m-sulphonate.—An aqueous solution of the potassium salt (1 mol.) 
was shaken with phenylearbimide (1 mol.). After twelve hours, 
the salt was recovered unchanged, the carbimide having been 
converted into s-diphenylcarbamide. 

Unsuccessful attempts were made to convert p-carbamidotoluene- 
m-sulphonic acid into a ring compound (IX) by the following 
methods: (i) heating with hydrochloric acid; (ii) boiling for four 
hours with acetyl chloride; on evaporating the mixture to dryness 
and adding hydrochloric acid to the aqueous solution of the residue, 
p-acetylcarbamidotoluene-m-sulphonic acid separated in minute 
prisms decomposing at 198—201° (Found: in air-dried material, 
N= 9-60. C,9H,.0;N,8,H,O requires N = 9-66 per cent.). The 
water of crystallisation could not be removed by heating without 
decomposing the substance; the presence of the acetyl group was 
confirmed, however, by treating the substance with nitrous acid 
and then with an alkaline solution of 8-naphthol, which gave only 
a yellow coloration; (iii) heating with acetyl chloride in a sealed 
tube at 110°; -toluidine-m-sulphonic acid was the only product; 
(iv) heating with thionyl chloride; or (v) with benzoyl chloride ; 
in neither case was any definite product isolated. 

Action of Phosphoryl Chloride on p-Carbamidotoluene-m-sulphonic 
Acid.—A mixture of 12 grams of the acid (dried at 130°), 35 grams 
of phosphoryl chloride, and 100 c.c. of benzene was heated under 
reflux on the water-bath for four hours. After filtering, and 
removal of the excess of benzene and phosphoryl chloride by 
distillation under reduced pressure at 80°, the viscous residue was 
dissolved in a little warm acetone, the solution poured into water, 
and the mixture boiled for some time. The spongy, insoluble 
residue, which hardened on cooling, was dissolved in acetone and 
the solution allowed to evaporate spontaneously, when a white, 
crystalline substance separated. This was extracted with hot 
acetone, and on adding water to the extract colourless, rhombic 
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plates separated. These were recrystallised from acetone and they 
formed minute rhombohedra which, after sintering at 170—180° 
melted to a brown liquid at 277°. It dissolved sparingly in water, 
giving a neutral solution, and was unacted upon by sodium carbonate 
solution (Found: loss on heating at 140° = 13-62; in material 
dried at 140°, N = 12-02, 11-75; S = 17-43 per cent.). These 
percentages are not compatible with formula (IX) (Cale., N = 13-21, 
S = 15-09 per cent.). The aqueous solution in which the crude 
product had been boiled contained only p-toluidine-m-sulphonic 
acid. 

Action of Phosphoryl Chloride on Potassium p-Carbamidotoluene. 
m-sulphonate.—A mixture of the potassium salt (43 grams, previously 
dehydrated by heating at 150° for eight hours) with 43 grams of 
phosphoryl chloride was heated under reflux in a boiling water. 
bath for one and a half hours, the mass gradually becoming seni- 
liquid and hydrogen chloride being evolved. The solid obtained 
on cooling was dissolved in aqueous sodium hydroxide (50 grams 
in 500 c.c. of water) and the cooled solution filtered (the small 
quantity of prismatic needles obtained was not identified). The 
filtrate, on acidification with dilute hydrochloric acid, yielded a 
crystalline precipitate of crude 3-chloro-7-methyl-1 : 2 : 4-benzo- 
sulphonediazine together with lumps of a viscous substance (A). 
The latter were removed, the diazine was collected and dissolved 
in 170 c.c. of hot water containing just sufficient sodium hydroxide, 
the solution treated with animal charcoal, and the diazine repre- 
cipitated by hydrochloric acid; purified in a mixture of alcohol 
and water (1:2) with the aid of animal charcoal, the product 
(4.4 grams) melted at 265°. On boiling the alcoholic mother- 
liquor with the substance A, the latter mostly dissolved, and after 
treatment with anima! charcoal the solution was filtered and cooled, 
when a further 1-2 grams of the diazine (m. p. 260°) separated. 
The yield (5-6 grams) is 14 per cent. of the theoretical. 3-Chioro- 
7-methyl-1 : 2: 4-benzosulphonediazine (VII), twice recrystallised 
from dilute alcohol, was obtained in colourless, flattened needles 
or prisms, m. p. 273—274°, giving a brown liquid, with slight 
evolution of gas (Found: in material dried over sulphuric 
acid, H,O = 7-56; in material dried at 130°, C = 41-90, 41:57; 
H = 3:34, 3:10; N=12-01, 12:06; S=1417; Cl=1518. 
C,H,O,N,CIS,H,O requires H,O = 7-24. C,H,O,N,CIS requires 
C= 4165; H=3-04; N=12-15; S§ = 13-88; Cl = 15-40 per 
cent.). It dissolves very sparingly in water, but readily in alcohol 
or hot nitrobenzene; from the latter, on cooling, it separates in 
anhydrous prisms (Found: N = 12-49 per cent.). It behaves as 
a monobasic acid, being soluble in sodium hydroxide or carbonate, 
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and giving an acid solution in water (Found: 0-1444 gram of 
anhydrous substance was equivalent to 6-34 c.c. of 0-1N-acid. 
(alc., for monobasic acid, 6-27 c.c.); it is reprecipitated from 
elkaline solutions by acids, including acetic acid. When it is 
treated with nitrous acid, no nitrogen is evolved and the sub- 
sequent addition of alkaline §-naphthol gives only a pale yellow 
coloration. 

The sodium salt forms minute needles very readily soluble in 
water. The silver salt was prepared by adding silver nitrate to a 
neutral solution of the sodium salt; it formed a white, amorphous 
precipitate which was washed with hot water and dried in a vacuum 
(Found: Ag = 31-66. C,H,O,N,CISAg requires Ag = 32-00 per 
cent.). Addition of alcoholic silver nitrate to a solution of the 
diazine in hot, dilute alcohol precipitated minute needles of an 
impure silver salt (Found: after drying at 145°, Ag = 30-87 per 
cent.). 

Nitration of 3-Chloro-7-methyl-1 : 2 : 4-benzosulphonediazine.—The 
diazine, dissolved in concentrated sulphuric acid, was nitrated with 
fuming nitric acid (d1-5); the mixture soon became solid and 
after the addition of water the nitro-compound was filtered and 
recrystallised from a large volume of 50 per cent. alcohol. 

The nitro-derivative forms minute, pale yellow, glistening plates, 
which are anhydrous and melt and decompose to a brown mass at 
253° (Found: N = 15-52. C,H,0,N,CIS requires N = 15-25 per 
cent.). It resembles the unsubstituted diazine in its behaviour 
towards nitrous acid, and dissolves in aqueous sodium hydroxide, 
giving a bright yellow solution. 

3-Hydroxy-7-methyl-1 : 2 : 4-benzosulphonediazine (IX).—3-Chloro- 
7-methyl-1 : 2 : 4-benzosulphonediazine (0-5 gram) was boiled under 
reflux for five hours with 20 c.c. of 10 per cent. aqueous sodium 
hydroxide solution. The hydroxy-derivative separated in colour- 
less flakes on acidifying the resulting solution with sulphuric acid. 
It was recrystallised twice from 60 per cent. alcohol and dried over 
sulphuric acid; the product was then free from halogen. This 
substance forms colourless, flattened needles or plates which are 
anhydrous and melt with decomposition at 300° (Found: N = 
13-07. C,H,O,N,S requires N = 13-21 per cent.). It dissolves 
sparingly in water, but readily in alcohol; its behaviour towards 
alkalis and nitrous acid is similar to that of the original chloro- 
compound. 

Sulphonation of p-Chlorophenylcarbamide.—This was carried out 
as in the case of p-tolylearbamide (described above), with 10-7 
grams of p-chlorophenylcarbamide and 64 grams of fuming sulphuric 
acid (10 per cent. SO,); the mixture was heated for one hour. 
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The crude acid (yield 12-5 grams = 75 per cent. of the theoretical 
was purified in the same way as the p-tolyl compound. 

p-Chlorophenylcarbamide-o-sulphonic acid (II) was thus obtained in 
glistening, rhombic plates or rhombohedra, or occasionally jy 
flattened needles. It decomposes to a dark-coloured, frothy may 
at 253° (Found: in air-dried material, N = 10-29; H,O = 9-11, 
C,H,0,N,CIS,1-5H,O requires N = 10:09; H,O = 9-75 per cent,), 
The acid is very soluble in water or alcohol, but sparingly soluble 
in hydrochloric acid, the addition of the latter to an aqueous solution 
causing the acid to crystallise out. 

As the sulphonic acid on hydrolysis with hydrochloric acid gave 
p-chloroaniline-o-sulphonic acid, identical with an authentic speci- 
ment, the constitution of the origina] carbamido-acid was conclusively 
proved. 

The potassium salt of p-chlorophenylcarbamide-o-sulphonic acid 
forms colourless, narrow, rectangular plates or prisms, moderately 
soluble in hot, but sparingly soluble in cold water (Found : in air. 
dried material, by heating at 160°, H,O = 6-08; in anhydrous 
material, K = 13-03. C,H,O,N,CISK,H,O requires H,O = 5:88. 
C,H,O,N,CISK requires K = 13-52 per cent.). The ammonium 
salt separates from water in rectangular plates, melting with 
decomposition at 241°. The aniline salt separates as a mass of 
fine needles on adding aniline to a hot, concentrated, alcoholic 
solution of the acid. After recrystallisation from alcohol, it melts 
to a viscid liquid, with slight decomposition, at 187°. 

When an aqueous solution of p-chlorophenylcarbamide-o-sul- 
phonic acid is treated with sodium nitrite, scarcely any nitrogen 
is evolved, but on acidifying the mixture, a copious evolution of 
gas takes place, and the resulting solution, on addition of alkaline 
B-naphthol, gives a red colour. 

Action of Potassium Cyanate, Phenylcarbimide, and Ethyl 
Chloroformate on p-Chlorophenylcarbamide-o-sulphonic Acid (or its 
Potassium Salt)—An aqueous solution of the sulphonic acid 
(1 mol.) and potassium cyanate (3 mols.) was evaporated to dry- 
ness; the residue, after recrystallisation from water, was found 
to be potassium p-chlorophenylcarbamide-o-sulphonate (Found : 
N = 9-53. Cale., N = 9-13 per cent.). 

Potassium p-chlorophenylcarbamide-o-sulphonate was recovered 
unchanged (Found: N = 9-38 per cent.) after shaking its aqueous 
solution with phenylearbimide (1 mol.), the latter being quanti- 
tatively converted into s-diphenylecarbamide. 

(a) An aqueous solution of p-chlorophenylcarbamide-o-sulphonic 
acid (1 mol.) and potassium carbonate (2 mols.) was shaken with 
ethyl chloroformate (2 mols.) until the latter disappeared; the 
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only product isolated from the resulting solution was the potassium 
salt of the carbamido-acid (Found: N = 9-19 per cent.). 

(b) The carbamido-acid was boiled under reflux with excess of 
ethyl chloroformate for three hours, and the ester then distilled 
off; the residue consisted entirely of unchanged p-chlorophenyl- 
carbamide-o-sulphonic acid (Found: after recrystallisation from 
dilute hydrochloric acid, 0-2120 gram neutralised 9-37 c.c. of 
0-0856N-sodium hydroxide. Calc., 8-93 c.c.). 

Sulphonation of p-Bromophenylcarbamide.—p-Bromoaniline was 
readily obtained from its acetyl derivative by the following method 
(a modification of that of Mills, Proc. Roy. Soc., 1860, 10, 590). 
Seventy grams of p-bromoacetanilide were added to a solution of 
60 grams of sodium hydroxide in 500 c.c. of water, and the mixture 
was distilled with steam. The base, which solidified in the receiver, 
was filtered off and dried. Yield 47 grams (= 83 per cent. of the 
theoretical); m. p. 60—62°. 

p-Bromoaniline (47 grams), dissolved in a mixture of 41 c.c. of 
hydrochloric acid and 800 c.c. of water, was treated with a filtered 
solution of 30 grams of potassium cyanate in 100 c.c. of water. 
The precipitate of p-bromophenylcarbamide was filtered off, well 
washed with water, and dried in a vacuum. Yield 52 grams 
(= 88 per cent. of the theoretical). As this compound had not 
been previously prepared by this method, a portion was recrystallised 
from alcohol, when it formed colourless needles, decomposing and 
charring, without melting, at 265° and upwards (Found: N = 13-20. 
Calc., N = 13-02 per cent.) (compare Richter, Ber., 1891, 24, 
4172). 

The sulphonation was carried out as in the case of p-tolylearb- 
amide (p. 3193), with 17 grams of p-bromophenylearbamide and 
102 grams of fuming sulphuric acid (10 per cent. SO,); the reaction 
was complete in forty-five minutes. The crude acid (yield 20 
grams; 78 per cent. of the theoretical) was purified like the p-tolyl 
compound. 

p-Bromophenylcarbamide-o-sulphonic acid (II) was thus obtained 
in colourless, rhombic plates or rhombohedra, or occasionally in 
flattened needles ; it decomposes to a purple, frothy mass at 258— 
263° (Found: in air-dried material, H,O = 8-22; in material 
dried at 130°, N = 9-48. C,H,O,N,BrS,1-5H,O requires H,O = 
8:38. C,H,O,N,BrS requires N = 9-49 per cent.). Its properties 
resemble those of the corresponding chloro-compound, but it is less 
soluble in water and ih alcohol than the latter. 

Its constitution was proved by hydrolysing the substance with 
hydrochloric acid, p-bromoaniline-o-sulphonic acid, identical with 
an authentic specimen, being obtained. 
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The potassium salt of p-bromophenylcarbamide-o-sulphonic acid 
forms narrow, rectangular plates, or prismatic needles (Found: 
in air-dried material, H,O = 5-31. C,H,O,N,BrSK,H,O requires 
H,O = 5-13 per cent.). The ammonium salt forms rectangular 
plates, melting with decomposition at 235—236°. The aniline 
salt, prepared like the corresponding chloro-compound, forms fine 
needles melting at 183—185° to a viscid liquid (Found: N = 11-03, 
C,H,0,N,Br8,C,H,N requires N = 10-83 per cent.). 

Action of Potassium Cyanate, Phenylcarbimide, Ethyl Chloro- 
formate, and Carbamide on p-Bromophenylcarbamide-o-sulphonic 
Acid (or tis Potassium Salt).—(a) On evaporating to dryness an 
aqueous solution of the acid (1 mol.) and potassium cyanate (3 
mols.), the residue was found to consist of potassium p-bromophenyl- 
carbamide-o-sulphonate (Found: after recrystallisation, N = 8-22, 
Calc., N = 7-98 per cent.). (6) The sulphonic acid, dissolved in 
hot, dilute hydrochloric acid, was treated with a large excess of 
solid potassium cyanate. Evaporation of the resulting solution 
gave a mixture of the unchanged acid and its potassium salt 
there was no evidence of the formation of a biuret derivative. 

A solution of p-bromophenylearbamide-o-sulphonic acid (1 mol.) 
in N-hydrochloric acid was shaken with phenylearbimide (2 mols.) 
until the odour of the latter disappeared. The resulting clear 
solution, on standing, deposited flattened needles, consisting of 
aniline p-bromophenylcarbamide-o-sulphonate (Found: after re- 
crystallisation from water, 0-2150 gram neutralised 6-63 c.c. of 
0-0856N-sodium hydroxide. Calc., 6-48 c.c.), which, alone or 
mixed with an authentic specimen, was further identified by the 
melting-point test. This salt was formed almost quantitatively 
from the original acid. 

Two experiments with ethyl chloroformate were performed 
similar to those with the chloro-acid (see above), and gave similar 
results. 

An equimolecular mixture of p-bromophenylcarbamide-o-sul- 
phonic acid and carbamide was heated at 140° for an hour; the 
resulting mass, however, was found to contain only the original 
materials together with a little p-bromoaniline-o-sulphonic acid. 
No evidence of the presence of a biuret compound could be obtained. 

Attempts were made, as in the case of p-carbamidotoluene- 
m-sulphonic acid, to obtain a ring compound (V) from p-bromo- 
phenylearbamide-o-sulphonic acid by the action of hydrochloric 
acid or acetyl chloride, but without success. By using phosphory! 
chloride, a small quantity of a substance was obtained which 
appeared to have the properties of a ring compound, but the amount 
was insufficient for analysis. 
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Sulphonation of p-lodophenylcarbamide.—On mixing 21-5 grams 
of p-iodophenylcarbamide with 37 grams of fuming sulphuric acid 
(10 per cent. of SO,) a dark brown liquid containing much free 
jodine was obtained. This was heated at 55° for five hours and 
then poured into 400 c.c. of water, when a black, viscous mass 
separated. The mixture was heated for an hour on the water- 
path, cooled, and filtered; the insoluble residue consisted mainly 
of iodine. The filtrate was neutralised with barium carbonate 
and filtered, the barium removed as sulphate, and the filtrate 
decolorised with animal charcoal and evaporated to 30 c.c. On 
cooling, a small quantity of fine needles separated; the amount 
of this substance was insufficient for its identification, but it did 
not possess the properties of an iodophenylcarbamidesulphonic 
acid. The filtrate from the needles was treated with an equal 
volume of hydrochloric acid, when minute, thin plates separated ; 
they were recrystallised from dilute hydrochloric acid (1: 1). 
The brown, thin, glistening plates thus obtained decomposed to a 
violet, frothy mass at 260—263°, and were identified as p-carb- 
amidobenzenesulphonic acid by analysis (Found: in air-dried 
material, H,O = 8-06; in material dried at 135°, N = 12-61. 
Cale. for C,H,O,N,S,H,O, H,O = 7-69. Calc. for C,H,0,N,S8, 
N = 12-96 per cent.) and by comparison (and also of the ammonium 
salts) with an authentic specimen obtained from sulphanilic acid 
and potassium cyanate. 

p-Carbamidobenzenesulphonic acid (Ville, Bull. Soc. chim., 1891, 
[iii]. 6, 6; Pellizzari and Matteucci, Annalen, 1888, 248, 156) is 
conveniently prepared by treating the potassium salt, dissolved 
in the minimum of boiling water, with twice the volume of hydro- 
chloric acid; the acid, which separates in minute flakes on cooling, 
is recrystallised from 25 per cent. hydrochloric acid. Ville does 
not mention the fact that this substance decomposes to a frothy 
mass at 256—258°, and that, although very soluble in water, it is 
sparingly soluble in hydrochloric acid. 

The ammonium salt crystallises from water, in which it is very 
soluble, in fine needles, m. p. 244—245° (decomp.). 

Potassium p-Bromophenylurethane-o-sulphonate.—A_ solution of 
p-bromoaniline-o-sulphonic acid (3 grams) and potassium carbonate 
(4 grams) in warm water (35 c.c.) was shaken with ethyl chloro- 
formate (2 c.c.). The ester soon disappeared, and after a short 
time a bulky mass of fine needles separated; these were filtered 
off and recrystallised from hot water. Potassium p-bromophenyl- 
urethane-o-sulphonale was thus obtained in long, fine, colourless 
needles, melting with decomposition at 259-0—259-5° (Found: in 
air- dried material, H,O = 7:22; N = 3-76. C,H,O nee 1-5H,O 
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requires H,O = 6-94; N = 3-60 per cent.). It is readily soluble 
in hot, but rather sparingly soluble in cold water; when it is treated 
with nitrous acid, no nitrogen is evolved and the subsequent addition 
of alkaline @-naphthol gives only a pale yellow coloration. 

Action of Ammonia.—(a) The urethane was heated with aqueous 
ammonia (d 0-880) in a sealed tube at 100° for five hours; the 
resulting solution, however, contained only the unchanged material, 
(b) A similar experiment was performed at a higher temperature 
(120—130°), but on acidifying the product with hydrochloric acid, 
p-bromoaniline-o-sulphonic acid was precipitated, this being the 
only substance isolated. In neither of these experiments was there 
any evidence of the formation of a carbamido-compound. 

Action of Bromine on o-Carbamidobenzenesulphonic Acid.—The 
sulphonic acid (Scott and Cohen, loc. cit., p. 2042), dissolved in 
warm, glacial acetic acid, was treated with bromine; granular 
crystals slowly separated, which, recrystallised from dilute hydro- 
chloric acid, formed rhombic plates, apparently identical with 
p-bromophenylcarbamide-o-sulphonic acid. As the sulphonation 
of p-bromophenylearbamide furnishes a convenient method for 
preparing the bromo-sulphonic acid, the action of bromine on 
o-carbamidobenzenesulphonic acid was not examined further. 


The author wishes to take this opportunity of thanking Prof. 
J. B. Cohen, F.R.S., for his advice and suggestions during the 
course of this work. 


THE ORGANIC CHEMICAL LABORATORIES, 
THE UNIvErRsIty, LEEDs. [Received, July 28th, 1923.] 


CCCLXXIX.—The Conditions of Reaction of Hydrogen 
with Sulphur. Part IV. The Direct Union of 
Oxygen and Sulphur. 


By Ronatp GrorGeE WREYFORD NorrisH and Eric KEIGHTLEY 
RIDEAL. 


In two papers recently published on the reaction of hydrogen with 
sulphur, and its catalysis by oxygen (this vol., pp. 695, 1689), 
evidence was furnished suggesting that the work done in detaching 
a molecule of hydrogen sulphide adsorbed on the surface of the 
liquid sulphur was equal to that done in subliming a molecule of &,, 
and it followed from the theoretical considerations there developed 
(loc. cit., p. 1700) that an equal amount of work should be expended 
in removing a molecule of sulphur dioxide similarly adsorbed on the 
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surface. It was therefore considered of interest to examine the 
reaction of oxygen and sulphur with a view to test if possible 
the theoretical prediction, and the results of this investigation are 
given in the present communication. Whilst the reaction proved. 
to be more complicated than had originally been expected, and 
developed a very interesting feature when the influence of pressure 
was studied, the predictions of the theory advanced in the previous 
papers have received striking confirmation. Thus it was predicted 
that the reaction of oxygen and sulphur at the surface of the latter 
would have a temperature coefficient of 1-48. Actually it has been 
found that oxygen combines with sulphur by way of two independent 
simultaneous surface reactions, one of which has the predicted 
temperature coefficient of 1-48, whilst the other has a temperature 
coefficient of 1-77. The nature of this second surface reaction is 
discussed at the end of this paper. 

The reaction of oxygen and sulphur has been studied by Boden- 
stein and Caro (Z. physikal. Chem., 1909, 75, 30), who drew the 
conclusion that it is practically completely confined to the surface 
of the sulphur. No trustworthy data were, however, obtained on 
the influence of pressure and temperature on the reaction, factors of 
prime importance in obtaining an insight into the mechanism of the 
reaction. 

EXPERIMENTAL. 

The experimental arrangement adopted was the dynamic flow 
method used in the investigation of the reaction between hydrogen 
and sulphur (Part I, loc. cit.). This method has proved itself 
extremely trustworthy so long as great care is taken in keeping 
constant the rate of flow of gas through the sulphur bulb, and 
the temperature of the bath. In the first place, air, freed from 
carbon .dioxide and water vapour, was passed through the sulphur 
bulb, and the variation in the velocity of sulphur dioxide formation 
with temperature studied between the limits of 235° and 385°. 

The effect of variation of oxygen pressure was next investigated at 
the three temperatures 245°, 265°, and 285° by passing various 
oxygen-nitrogen mixtures of known concentration over the liquid 
sulphur and measuring the rate of sulphur dioxide formation. 

Finally, by using bulbs of different dimensions and adding varying 
quantities of sulphur, the effect of surface extent was investigated. 

The velocity of formation of sulphur dioxide was determined by 
allowing the effluent gases to pass at constant flow rate through a 
known volume of standard iodine solution, the time taken to dis- 
charge the colour of the latter being observed, with the help of starch 
solution, added as indicator as the end-point was approached. 


To establish equilibrium in the apparatus, it was generally found 
50 2 
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necessary to allow the gas to stream through the reaction chamber 
maintained at the desired temperature, for about two hours, the 
rate of gas flow being kept constant. At the end of this interval, the 
time of discharge of the iodine colour became constant, and from it 
the rate of production of sulphur dioxide in the reaction bulb could 
be calculated, since at equilibrium the weight of the latter carried 
over by the gas stream per second, and absorbed by the iodine, is 
equal to its rate of formation in the reaction chamber. The 
strength of iodine solution employed varied from 10 c.c. of N’/1000. 
iodine, diluted to 200 c.c., to 10 c.c. of N/20-iodine, similarly diluted, 
according to the rate of sulphur dioxide formation to be measured, 
In no case was the time of discharge allowed to fall below six 
minutes, and if it did so, stronger iodine solutions were taken. 

The efflowing gases contained in some cases a considerable per. 
centage of sulphur dioxide, and it was necessary to correct for the 
pressure in the bulb according to the formula 


63 x 108 
P~ 136 + 126 x 104’ 
developed in Part II of this series (loc. cit.), where P = actual 
oxygen pressure in the reaction chamber, p = pressure of oxygen in 
gas flowing into the reaction chamber, and x = rate of formation of 
sulphur dioxide in grams per second. 

In Table I are given the results of the investigation of the effect 
of temperature on the rate of sulphur dioxide formation. It is 
shown below that the velocity of sulphur dioxide formation is pro- 
portional to the oxygen pressure, and accordingly, in column 4, 
the observed velocities, in column 2, have been corrected for the 
lowering of oxygen pressure in the reaction bulb, being scaled up 


P = 


TABLE I, 


Influence of Temperature. 


Pressure of oxygen in inflowing gas —0-21 atm. (air), 
Rate of flow of gas —136 c.c. per hour. 
Reaction bulb I. Internal radius 2-6 cm. 


Obs. velocity Pressure of | Corrected 


Tem- of SO, forma- oxygen in velocity. Reciprocal 
per- tion. Gms. reaction bulb. Gms. per Temp. of obs. log,)S0, 

ature. persec. x 108. Atmospheres. sec. x 108. coeff. temp. velocity. 
235° 34-2 21-0 34-2 1-67 0-001969 —6-4660 
245 56-7 20-75 57:3 1-61 0:001931 —6-2418 
265 145-8 20-3 150-8 1-63 0-001859 —5-8220 
285 364-2 19-3 395-9 1-62 0-001792 —5-4024 
305 860-0 17°3 1049 1-45 0:001730 —4-9792 
325 1543 14-7 2204 1.17 0°001672  —4-6568 
345 1931 13-4 3017 1-12 0-001618 —4-5204 
365 2232 12-4 3781 1-06 0-001567 —4-4224 
385 2387 11-9 4217 0:001520 —4-3750 
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TABLE II. 


Influence of Pressure. 


Rate of flow of gas 136 c.c. per hour. 
Reaction bulb I. Internal radius 2-6 cm. 
Temperature. 
245°, 265°. 285°. 


— 


—— : —— i. ——— — - i 
Pressure Pressure Vel.of SO, Pressure Vel. of SO, Pressure Vel. of SO, 
ofinflow- of oxygen formation. of oxygen formation. of oxygen formation. 
ing gas. in bulb. Gms./sec. in bulb. Gms./sec. in bulb. Gms. /sec. 
7% Atm. % Atm. x 19%. % Atm. x 10%, % Atm. xiv. 

7 6-9 15-72 
64-0 9-2 179-0 


10 9-7 

21 20-7 56-7 20-3 145-8 19-4 364-2 

34 33-0 228-9 

42-6 42-1 112-3 41-3 288-3 39-5 725-6 

58-1 57:5 129-5 56-6 342°5 

59-4 55-4 907-0 

78-6 78-0 146-1 77-7 420-7 73°8 1111 

99 98-2 168-5 97-0 484-8 Sulphur vapour * 
exploded. 


* Above a pressure of 0-75 atm. at 285° the sulphur vapour and oxygen 
in the bulb exploded with considerable violence, and at the same time a blue 
flame began to play over the sulphur. These explosions sometimes occurred 
at lower temperatures and pressures and upset completely the equilibrium 
in the bulb, necessitating restarting of the experiment. 


TaBe ITI. 
Effect of Surface. 


Rate of flow of gas —136 c.c. per hour. 
Pressure of cxygen —0-21 atm. (air). 

Dimensions of Vessels. Reaction vessel 1: Internal radius 2-6 cm. Total 
area of glass surface including H, delivery tube 92 sq. cm. Reaction 
vessel II: Internal radius 3-96 cm. Total area of glass surface including 
H, delivery tube 220 sq. cm. 

Total in- 
Area of ternal area Velocity 


Weight of liquid (glass + of SO, 

No. of sulphur sulphur liquid formation. 
reaction in bulb. surface. sulphur). Grams per Velocity. 
vessel, Grams. Sq. cm. Sq. cm. sec. x 108. Total area. 

I 1 4:5 92 148 1-61 

II 1-8 7-06 219-6 363-8 1-66 

II 4-5 11-3 219-4 360-4 1-64 

II 8-8 16-0 219-3 358-9 1-63 

II 47-4 32:1 211-6 350°8 1-66 

II 120-8 45-3 197-7 346-3 1-75 


to the oxygen pressure of the inflowing gas, — 0-21 atm. This gives 
a series of comparable figures which can be used for the calculation 
of the temperature coefficients of the reaction shown in column 5, 
which will be seen to remain sensibly constant between the temper- 
atures 235° and 305°. Above this latter temperature, however, they 
rapidly diminish, suggesting that some disturbing factor here 
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becomes of importance to the course of the reaction. This disturb. 
ing action on the sulphur dioxide reaction was traced to the secondary 
formation of sulphur trioxide, which was found to become apparent 
at temperatures above 305°. Thus, at 305°, no trace of sulphate 


Fia. 1. 
Temperature. 

oe ee ee ee oe oe oe ee =] 1 1) 1 Lin) 16 
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—4-20 ' 

\ 

—4-40 . 


Logi) Velocity of sulphur dioxide formation (measured in gms. per sec.). 


— 6-60 


\ 


1°5 1-6 1-7 1-8 1-9 2-0 
Reciprocal of absolute temperature x 10°. 


formation could be detected on collecting the effluent gases in 
caustic soda solution, for half an hour, and testing with barium 
chloride solution, whereas similar tests carried out at higher 
temperatures always indicated the presence of sulphate in rapidly 
increasing quantity as the temperature was raised. No quanti- 
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tative measurements were carried out on the production of sulphur 
rioxide at these higher temperatures (> 305°), all future measure- 
ments on the sulphur dioxide reaction being carried out between 
the temperatures 235° and 305°, where the secondary oxidation to 
sulphur trioxide, if it occurs at all, is too insignificant to cause any 
appreciable error. 
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In Fig. 1, the logarithms of the velocities are plotted against the 
reciprocal of the absolute temperatures, the dotted curve indicating 
the theoretical sulphur dioxide reaction if we imagine secondary 
sulphur trioxide formation to be absent. It will be seen that below 
305° the relationship is approximately linear, corresponding to a 
nearly constant temperature coefficient. 

The data of Table II, showing the effect of oxygen pressure on the 
sulphur dioxide reaction, are graphed in Fig. 2, from which it will 
be seen that whilst the velocity of the reaction is in all cases pro- 
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portional to the oxygen pressure, very marked breaks occur in the 
straight lines at the oxygen pressure of 0-413 atmosphere, without 
any appreciable variation for the three temperatures investigated, 
These breaks, which formed a most unexpected feature of the 
investigation, can only be taken as evidence of the heterogeneity * 
of the hitherto apparently homogeneous sulphur dioxide surface 
reaction. Each of the broken straight-line curves may be split up 
into two straight lines as has been done in Fig. 3, along one of which 
the reaction velocity finally reaches a maximum constant value with 
increase of oxygen pressure, whilst along the other it continues to 
increase, in a linear manner with pressure. 

The figures of Table III show beyond all doubt that the total 
reaction is a surface reaction to such an overwhelming extent that 
any gaseous reaction is entirely negligible. Thus the ratio of 
velocity to total area is the same for flasks of widely different 
dimensions, whilst the velocity is independent of the weight of 
sulphur present (except in so far as it decreases the extent of total 
surfaces), and of the area of the liquid sulphur surface. In this 
connexion, it should be mentioned that sublimed sulphur contains 
much absorbed sulphur dioxide and hydrogen sulphide, and that 
until this is removed by continually heating the sulphur to ca. 300° 
in a vacuum figures independent of the weight of sulphur in the 
bulb will not be obtained. When these preliminary precautions 
were taken, reproducible results were always obtained. 

It follows therefore that the heterogeneity of the sulphur dioxide 
formation must be confined to the surface and we are forced to the 
conclusion that the formation of sulphur dioxide can take place on 
the surface of the sulphur and of the vessel by way of two indepen- 
dent reactions, whilst the ratio in which the sulphur dioxide form- 
ation is divided between these two reactions must be independent 
of the nature of the surface—that is, whether liquid sulphur or glass— 
since variation in the liquid surface produces no appreciable change 
in the total quantity of sulphur dioxide formed. This fact points to 
the probability of a complete liquid film covering the whole of the 
glass surface, and identical in composition with the surface film 
of the liquid sulphur itself. This liquid sulphur film made itself 
apparent by the interference colours developed on the walls of 
the reaction vessel when it was rapidly withdrawn from the heating 
bath, and in the dendritic growth of sulphur crystals which formed 
on the walls as they cooled. 


* The term heterogeneity is not used here, and in what follows, in the 
sense usually implied in catalysis, but rather as indicating that the sulphur 
dioxide reaction observed in the surface of sulphur is not simple, but the 
sum of two (or more) simple surface reactions. 
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For convenience of further discussion we shall designate the two 
independent surface reactions by the letters A and B, “A” referring 
to that reaction which reaches a constant maximum velocity with 


increase of pressure. 


x 108. 


Velocity of formation of sulphur dioxide (gms. per sec.) 


Fig, 3. 
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TABLE IV. 


Velocity of SO, 


Pressure formation at 245°. formation at 265°. 

ofoxygen Gms. per sec. X 108. Gms. per sec. x 10°. 

inreac- 3 )>~— ? a, 
tion Total Total 
bulb. reac- Areac- Breac- reac- Areac- B reac- 
Atm. tion. tion. tion. tion. tion. tion. 
0-20 54 31 22 140 7 69 
0-40 106 63 44 280 141 139 
0-60 131 65 66 353 145 208 
0-80 153 65 88 423 145 278 
1-00 175 65 110 492 145 347 


Velocity of SO, 


5 o* 


formation at 285°. 
Gms. per sec. X 108. 


va a, 
Total 
reac- Areac- Breac- 
tion. tion tion. 
367 150 217 
731 300 431 
959 312 647 
1174 312 862 
393 312 1081 
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The A and B reactions have been plotted in Fig. 3, for temperatures 
245°, 265°, and 285°, by splitting the corresponding composite 
curves of Fig. 2. This was done by producing the upper segments 
of the curves of Fig. 2 backward to cut the ordinate, and measuring 
the slopes of the lines so produced. Straight lines of the same slope 
drawn to pass through the origin gave the B reaction curves of Fig. 3. 
The A reaction curves were then obtained by subtracting the B 
curves from the corresponding composite curves of Fig. 2. 

The data from the curves in Fig. 3 have been tabulated in Table IV, 
and from any corresponding sets of figures in this table the ten. 
perature coefficients of the two reactions may be obtained. ‘They 
are better obtained graphically, however, by taking the square 
root of the ratio of the slopes of corresponding pressure—velocity 
curves in Fig. 3. 

Thus, if y represents the temperature coefficient calculated fora 
10° rise, we have, for the A reaction, 

us _ [Slope of A reaction curve at 285° 


"las = 4/ Slope of A reaction curve at 265° — 4? 


= /Slope of A reaction curve at 265° 


‘h® A! Slope of A reaction curve at 245° vlna 


Similarly, for the B reaction, 
Nos, = 1-765 and 733 = 1-775. 


Hence, denoting the temperature coefficients of the A and B 
reactions, respectively, by 7, and yg, we have 


Na = 1-48 and i 1-77. 


The temperature coefficients of the two reactions, while differing 
widely from each other, thus remain constant over the temperature 
range investigated. It follows from this that the constant tem- 
perature coefficient observed for the total reaction between 235° and 
305°, and tabulated in Table I, was to some extent accidental, since 
the total reaction is the sum of two surface reactions of different 


" temperature coefficients. When, however, as in Table V, the total 


reaction is calculated from the figures for the A and B reactions at 
245° and 0-21 atm.* oxygen pressure, by means of their respective 
temperature coefficients, good agreement with the total observed 
reaction up to 305° is obtained, after which the discrepancy between 
theoretical and observed values gradually increases, due, as has 
already been shown, to the secondary formation of sulphur 
trioxide. 


* The experimental figures for any other pressure serve equally well. 
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TABLE V. 
Vel. of SO, 
Obs. vel. formation 
of SO, Observed calc. as sum Calculated 
formation. apparent of A and B apparent 
Temper- Gms. /sec. temperature reactions. temperature 

ature. x 108, coefficient. Gis. /sec. x 108. coefficient. 
235° 34:2 1-67 35-6 1-59 
245 57°3 1-61 56:7 1-61 
265 150-8 1:63 146-8 1-63 
285 395-9 1.62 393-0 1-86 
305 1049 . 1087 ; 
325 2204 Re 3000 at 
345 3017 12 8752 1-73 
365 3781 1-06 25,800 1-73 
385 4217 77,200 . 
The facts relating to the reactions of hydrogen and oxygen with 


sulphur at the surface of the latter, considered in this and the 
previous papers of this series, may now be summarised as follows : 

(1) The surface reaction of hydrogen and sulphur is independent 
of the pressure of the hydrogen (Part I, loc. cit.). 

(2) It is catalysed by the admixture of small percentages of 
oxygen with the hydrogen, but, when the quantity of oxygen is 
increased, the catalysis passes through a maximum, finally falling 
off to a complete poisoning effect, when the hydrogen contains more 
than 10 per cent. of oxygen (Part IT, loc. cit.). 

(3) At the same time sulphur dioxide is formed at a rate pro- 
portional to the oxygen pressure (Part IT, loc. cit.). 

(4) When the oxygen percentage is greater than that required 
to poison the hydrogen sulphide reaction, sulphur dioxide formation 
is still proportional to the oxygen pressure. 

(5) A break in the curve connecting the velocity of sulphur 
dioxide formation with oxygen pressure, however, indicates that 
at these higher oxygen pressures, sulphur dioxide formation proceeds 
by two distinct surface reactions, having definite but different 
temperature coefficients, one of which becomes independent of 
oxygen pressure at about 0-4 atm. of oxygen, whilst the other 
remains proportional to oxygen pressure up to 1 atmosphere of 
oxygen. 

(6) The temperature coefficient of the hydrogen sulphide reaction 
is 1-48, leading to a heat of activation of 25,750 cals. at 300°. This 
heat of activation is nearly equal to the heat of sublimation of a 
molecule of S, from the surface (28,000 cals.), and is half the heat 
of activation found for the gaseous hydrogen sulphide reaction, 
51,460 cals. at 300°. 

(7) The assumption was made that in the former two cases we are 


measuring the work done in detaching a molecule of H,S or 8, from 
5 o* 2 


ET 
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the surface by the breaking of one bond, whilst in the latter case 
we are measuring the work done in dissociating the S, molecule, by 
breaking two bonds. The hypothesis predicts that the work done 
in detaching a molecule of sulphur dioxide from the surface should 
be of the order 26,000 cals. This has been found to be go 
in the present paper for the A sulphur dioxide reaction, the heat 
of activation calculated from the temperature coefficient (1-48) 
being 25,750 cals. at 300°. For the B reaction, however, the heat of 
activation is 37,450 cals. at 300°. 

The facts enumerated above may all be harmonised by an ex. 
tension of the theory advanced in Part III (loc. cit.) of this series, 
It was there postulated that since the vapour of sulphur at 260—300° 
consists almost completely of S, molecules, the sulphur surface in 
equilibrium with it must be very largely composed of 8, molecules 
also. These molecules are probably highly saturated and non-polar, 
and therefore incapable of the adsorption of hydrogen or oxygen. A 
small number, however (constant for a given temperature), may at 
any moment be considered to be activated to a polar form. For 
example, if the saturated S, molecule is a closed ring, it may be 
activated by the rupture of a bond, possibly as a result of collision, 
the free ends then being available for hydrogen or oxygen adsorption. 
If pure hydrogen be in contact with the sulphur surface, all the 
polarised sulphur molecules will immediately become attached to 
hydrogen, hydrogen sulphide formation occurring by the evapor- 
ation of the hydrogen molecule with the sulphur atom, with the 
concomitant rupture of a sulphur linking. The activated sulphur 
molecules, by reason of their high polarity, must be supposed to 
attach hydrogen extremely rapidly, so that at any moment all but 
a small fraction of the sulphur molecules available for hydrogen 
adsorption are occupied. This mechanism results in the surface 
formation of hydrogen sulphide being independent of hydrogen 
pressure except for very low pressures. Admixture of oxygen with 
the hydrogen atmosphere results in the displacement of some 
hydrogen from the surface, and owing to the preferential adsorption 
of the former, the hydrogen is completely displaced from the surface 
when the gaseous atmosphere contains more than 7—10 per cent. of 
oxygen according to the temperature, resulting in a complete 
poisoning of the hydrogen sulphide reaction. It has already been 
shown how this gradual replacement of hydrogen by oxygen on the 
surface can also explain quantitatively the catalytic and poisoning 
activity of the latter (Part IT, loc. cit.). 

It was therefore expected that when the oxygen pressure was 
increased beyond that required to poison the surface with respect to 
hydrogen sulphide formation, the rate of formation of sulphur dioxide 
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would become independent of oxygen pressure, since all the active 
sulphur molecules which previously adsorbed hydrogen would now 
be occupied by oxygen, and therefore the surface should be saturated 
with respect to oxygen. 

The data of the present communication, however, do not fulfil 
this expectation, for the velocity of formation of sulphur dioxide 
continues to increase with the pressure of oxygen, far beyond the 
point at which the above hypothesis indicates that it should become 
constant. By assuming in addition, however, that oxygen mole- 
cules are able to activate some non-polar form of sulphur molecules 
in the surface by collision, and thereafter become adsorbed by them, 
the hypothesis can be extended to account satisfactorily for all the 
observed facts. The number of sulphur molecules activated by 
collision per second, and therefore the number of oxygen molecules 
adsorbed per second, would be proportional to the number of oxygen 
molecules striking the surface per second, and hence to the oxygen 
pressure over the sulphur surface. Thus the velocity of sulphur 
dioxide formation, limited by the velocity of oxygen adsorption, 
would be proportional to the oxygen pressure as found experiment- 
ally. We have up to the present considered only the 8, molecules, 
which must constitute the major portion of the sulphur surface, at 
the experimental temperatures, since at these temperatures the 
sulphur vapour in equilibrium with it consists almost completely 
of S, complexes. It is apparent, however, since the existence of 
two sulphur dioxide surface reactions has been demonstrated, that 
at least two types of sulphur molecules must exist in the surface 
which can also adsorb oxygen proportionally to the pressure of the 
latter and give rise to sulphur dioxide. This conclusion is in har- 
mony with the fact that liquid sulphur is known to be a mixture of 
at least two forms of sulphur—Sp and SA —existing in dynamic 
equilibrium with each other. In any sulphur surface, either on the 
glass walls of the vessel or on the sulphur liquid itself, one only of 
these forms will be deposited from the vapour state, and then in the 
liquid film subsequently give rise to the second modification. Ata 
certain pressure of oxygen (about 0°4 atm.) the rate at which the 
second form is removed by formation of sulphur dioxide is equal to 
its rate of regeneration from the parent form of sulphur molecules. 
At this point the velocity of sulphur dioxide formation will become 
constant and independent of any further increase of oxygen pressure, 
since it is now limited by the rate of formation of the allotropic 
sulphur molecule. In this way we can account for the A surface 
reaction, which is at first dependent on oxygen pressure and finally, 
beyond 0-41 atm., independent of it. Furthermore, at the points 
QO, P, and Q in Fig. 3, where the A reaction just becomes independent 
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of pressure, the velocity of sulphur dioxide formation by the 4 
reaction is a measure of the velocity of allotropic change of the 
sulphur, as explained above, and by taking the ratio of thes 
velocities we can obtain the temperature coefficient of this allotropie 
change. On calculation, this is found to be 1-49 between 245° and 
265°, and 1-47 between 265° and 285°, giving a mean value of 1-48 
identical with that of the A reaction, and the hydrogen sulphide 
surface reaction. 

Simultaneously, the parent form of liquid sulphur, which jj 
deposited from the vapour on to the glass and liquid sulphur surfaces, 
and therefore probably consists of closed S, molecules, continues to 
give active adsorbing molecules on collision with oxygen mok. 
cules; consequently sulphur dioxide is produced at a rate pro. 
portional to the oxygen pressure as already described. This 
reaction constitutes the B reaction. Theoretically, if a sufficiently 
high oxygen pressure could be obtained in the bulb, the B reaction 
should also become independent of oxygen pressure, at the point 
where the rate of oxygen adsorption becomes equal to the rate of 
deposition of S, molecules from the vapour. 

It will now be of interest to examine the A and B reactions from 
the point of view of their temperature coefficients. 

These temperature coefficients, 1-48 for the A reaction and 1:77 
for the B reaction, correspond to critical increments, calculated at 
300°, of 25,750 cals. for the A reaction and 37,450 cals. for the B 
reaction. In Part III, reasons were given for expecting that the 
surface formation of sulphur dioxide would have a critical increment 
of 26,000 cals., corresponding, as explained there, to the breakage 
of one sulphur bond.* The critical increment of the A reaction 
above is in complete agreement with this prediction, and may 
therefore be taken as a measure of the work done in either 

(1) preparing the new form of sulphur molecule from the parent 
form (S,) by the rupture of one bond per potential sulphur dioxide 
molecule in some way, or 

(2) activation of the new form by collision with an oxygen 
molecule, or 

(3) detaching a molecule of sulphur dioxide from the surface 
as explained in Part IIT of this series. 

All these processes, which together form a complete series, should 
have the same critical increment, namely, that required to break 

* Although it might be considered somewhat speculative to associate the 
critical energy increment in any way with molecular structure, yet we believe 
that it has some connexion with the chemical conception of a bond; and the 
constancy of the energy value in a series of chemical actions of the sulphur 


molecule as shown in Table VI certainly does not disprove the conception, 
which we have found valuable as a guiding hypothesis throughout this work. 
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one sulphur bond, but only that of the slowest reaction would be 


tl 

ve measured by the temperature coefficient, since, as already explained 
f thes in Part III, the temperature coefficient of a chain of linked reactions 
otropic is that of the slowest reaction in the chain. 


Thus, the above series of reactions might be represented as follows : 
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ra Each of the above suggested reactions involves the production of 
te of 


one free bond for each potential sulphur dioxide molecule, and 
therefore, according to our hypothesis, the expenditure of 26,000 


" cals. per mol. of sulphur dioxide produced. When the rate of 
1-77 removal of 8, by reaction with oxygen shall have become equal to 
‘dat | its rate of production from Sg, the velocity of the sulphur dioxide 
he B § teaction would become independent of the pressure of oxygen, and 
| the § Would be limited by the rate of production of §,, as we have found 
ment 4 experimentally for the A surface reaction. 
see In harmony with the above scheme, the temperature coefficient 
a w of the allotropic change of the sulphur molecules has already been 
may shown to be 1.48, leading to a critical increment of 25,750 cals. at 
‘ 300°, as required by the hypothesis put forward. 
— The reaction kinetics of the B surface reaction open up the 
nid interesting problem of activation by molecular collision, which it is 
not possible to enter into fully at this point. It may be pointed 
gen out that the critical increment, 38,000 cals., observed is approximately 
one and a half times that observed for the A reaction and for the 
fins hydrogen sulphide surface reaction. The supposition might be 
made that we are here engaged in activating by oxygen collision 
vuld a molecular system differing from those already considered, in 
eal that it involves the formation of one and a half free bonds for every 
wa potential sulphur dioxide molecule produced, and that the rate of 
“hd activation governs the rate of sulphur dioxide production. The 
the constancy in the energy value of the “ half” sulphur bond is shown 
hur by the figures in Table VI, which are here collected from the various 
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sulphur reactions we have dealt with in this series. 
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TABLE VI. 
No. of 
free 
Crit. in- sulphur 
crement at bonds 
Temp. 300°=c_ produced Const.= 


Reaction. coeff. cals. xXZ2=A. c/n. 

4(2H,+S,) gaseous * —......... 4000. 2-19 51,460 4 12,865 
Bee] BUEIOOG TY csc sscccccoscccceences 1-48 25,750 2 12,875 
4(S, —> 28) gas dissoc.{ ......... ’ 50,000 + 12,500 
Lig. S —> 8, gas || ............eee0ee 28,000 2 14,000 
Latent heat of liquid sulphur per 

SUN AMT ocnhecsscosecaseooeses 11,600 
Allotropic change ofliquidS ... 1-48 25,750 3 12,875 
OR GAG D  crdeviscccssiscocs 1-48 25,750 2 12,875 
et a re 1-78 37,450 3(?) 12,480 

* Part I, loc. cit. 


+ Ibid. 

t Budde, Z. anorg. Chem., 1912, 58, 169. See also Part ITI, loc. cit. 
|| Pollitzer, zbid., 1909, 64, 121. 

{| Person, Pogg. Ann., 1849, 70, 310, 386. 


There is, however, an alternative explanation of the high critical 
increment of the B reaction, namely, that the critical increment 
of the activation of a given sulphur molecule by oxygen collision is 
different from the critical increment of activation of the same 
sulphur molecule by collision with a similar sulphur molecule. All 
the reactions but the last in Table VI may be represented as 
depending on the production of polarised sulphur molecules by the 
mutual collision of unpolarised sulphur molecules or atoms. The 
last reaction, however, depends on the collision of oxygen and sulphur 
molecules. 

The factors governing the magnitude of the critical activation 
‘increments in the two cases depend on goonsideration of the 
momentum and energy exchanges of the colliding molecules and will 
be discussed in another place. It may be pointed out here, however, 
that if the activation of a molecule by collision depends on the 
exertion of a certain minimum intermolecular force, then, no matter 
what the mass of the second colliding molecule may be, the same 
quantity of momentum must disappear in each case. Thus, for the 
three collisions 8, against S,, 8, against O,, and S, against H,, if for 
simplicity we suppose the first colliding molecule (that is, the S,) to 
be stationary and the second colliding molecule (that is, the 8,, O,, 
or H,) to move up to it with the same energy in the three cases 
(that is, at the same temperature), then the intermolecular forces 
exerted during collision will be very different in the three cases and 
will depend on the momenta and not the energies of the colliding 
molecules. The force exerted between the two sulphur molecules 
will be greater than that between the oxygen and sulphur molecules, 
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and both much greater than the force exerted between the hydrogen 
and sulphur molecules. Whilst in the former two cases the inter- 
molecular forces exerted may be sufficient at a certain temperature 
to cause the distortion in the sulphur molecule which we call 
“polarisation” or “ activation,’ that called forth in the latter, 
by reason of its much smaller magnitude, may be insufficient. It 
will thus be clear that it is legitimate to imagine activation by 
oxygen collision when it does not take place at the same temperature 
by hydrogen collision. Furthermore, it follows from the above 
reasoning that, in order that the same intermolecular force may be 
exerted between two colliding sulphur molecules as between a 
sulphur and an oxygen molecule colliding, a greater energy exchange 
will take place in the latter case than in the former, that is, for the 
same minimum polarising force in the two collisions different 
critical increments are involved. It is possible, with certain plausible 
assumptions, to calculate the ratios of the critical increments for 
sulphur activation by different collisions from the ordinary laws of 
inelastic impact, and the results obtained are of the right order, but 
until something more definite is known of the actual magnitude of 
the sulphur complexes undergoing collision, such calculations can 
have little further value. 
Summary. 

(1) The reaction of oxygen and sulphur has been studied by a 
dynamic flow method between the temperatures of 235° and 385°. 
Between 235° and 305° it proceeds normally, with an apparent 
temperature coefficient of 1-63. Above 305°, the temperature 
coefficient falls off very rapidly owing to the secondary formation 
of sulphur trioxide. 

(2) The reaction has been shown to be practically limited to the 
surface of the sulphur and the walls of the vessel, and to proceed as 
well on the latter as on the former, pointing to the existence of a 
liquid film covering the whole surface of the vessel. 

(3) The reaction is proportional to oxygen pressure. 

(4) At 0-41 atm. pressure of oxygen, a break occurs in the pressure— 
velocity curves, which indicates that the reaction on the surface is 
complex and made up of the sum of two surface reactions, one of 
which—the A reaction—becomes independent of pressure beyond 
the above oxygen pressure, whilst the other—the B reaction— 
remains proportional to the oxygen pressure at least as high as 
l atm. 

(5) The two reactions have been separated and their temperature 
coefficients obtained; these are :— 

For the A reaction — 1-48. 
For the B reaction — 1-77. 
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(6) The critical increments calculated from these temperatur 


coefficients at 300° are 


A reaction — 25,750 cals. 
B reaction — 37,450 cals. 


The former fulfils a prediction of the hypothesis advanced in the f 


earlier papers of the series. 

(7) The assumption is made that the sulphur surface contains 
two types of sulphur molecules, which react along two different 
courses with the oxygen striking the surface, giving rise to the A andB 
reactions. The fact that the A reaction finally becomes independent 
of the oxygen pressure indicates that the rate of production of the 
second allotropic form of sulphur now limits the velocity of the 
reaction. 

(8) The temperature coefficient of the interconversion of the two 
allotropic forms is shown to be 1-48 as required by the hypothesis 
advanced. 

(9) A table is given of seven different sulphur reactions, showing 
that their critical increments are simple multiples of a constant 
quantity which is considered to be the half value of the work 
required to create one free sulphur bond. 


We desire to thank the Board of Scientific and Industrial Research 
for a grant to one of us (R.G.W.N.) which has enabled this research 
to be carried out. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
CAMBRIDGE. [Received, August 27th, 1923.] 


CCCLXXX.—The Hafnium Content of Zirconium Ores. 
By Greorce Hevesy and VALDEMAR THAL JANTZEN. 


THE complex nature of what has hitherto been regarded as the 
element “zirconium” is made very clear by the X-ray analysis 
of zirconium minerals. The results of such work are communicated 
in the present paper. 

For the most part, minerals of known chemical composition 
were chosen. The original analyses were performed before the 
complexity of zirconium was known, and hence the hafnium con- 
tent of these minerals is included in the zirconium estimation. 
The amount of zirconium found by chemical analysis had thus 
to be split up in conformity with the results of X-ray spectroscopy 
into zirconium and hafnium. In some cases, we have determined 
the zirconium content also by the X-ray method. 
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In order to determine the hafnium content of the minerals, a 


| known amount of the neighbouring element, tantalum, was mixed 


with the sample, and the relative intensities of the hafnium and 
tantalum lines were compared. The ratio of the intensities of 
corresponding lines in the X-ray spectrum yielded the relative 
proportions of hafnium and tantalum present. A detailed account 
of this method has been given by Coster (Chem. News, 1923, 127, 
65). 
Analysis (per cent.) of Zirconium Minerals. 
(A) Zirconium Oxides : 
(1) Baddeleyite *: Occurrence: Brazil. 
CaO. Fe,03. SiO,. ZrO». H{O,. H,0. 
0-06 0-82 0-19 97:1 1:8 0-28 


(2) Zirconium oxide favas: Occurrence: Brazil. 


Al,O3. Fe,03. SiO,. TiO,. ZrO). HfO,  H,0. 
0-54 3-03 3-06 0-69 91-12 2 0-07 


(3) Zirconium oxide favas: shell: Occurrence: Brazil. 
ZrO, . . . 59 a 
(4) Zirconium oxide favas: nucleus: Occurrence: Brazil. 


ZrO, . .. 74 MMe is + J 


(B) Zirconium silicates (Zircons) : 
(5) Colourless (white) zircon : Occurrence: Carinthia, Austria. 
ZrO, . . . 65 HfO, . .. 4 
(6) Reddish-brown zircon: Occurrence: Norway (Cochran, 
Chem. News, 1872, 25, 305). 
Fe,03. SiO,. ZrO). Hf0.. 
2°85 32°53 60:55 3-5 
(6b) Grey syenite: Occurrence: Norway. 
HfO, . . . 38 


(7) Brown zircon: Occurrence: Frederiksvarn (Rammelsberg, 
‘ Mineralchemie,”’ Leipzig, 1875, p. 171). 


SiO, ZrO, Hfo, 
34-56 63-96 2:8 


* Blake and Smith, Min. Mag., 1907, 17, 378. The data ZrO, = 98-80 
per cent. given by these authors was corrected on the basis of our X-ray 
determination to ZrO, = 97:1 and HfO, = 1:8 per cent. 

t Weiss, Z. anorg. Chem., 1910, 65, 192. These minerals are generally 
considered to be a mixture of zirconium oxide and zirconium silicate. 
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(8) Reddish-brown zircon: Occurrence: Greenland. 
es 6 me 

(9) Brown zircon: Occurrence: Langesund. 
mes 

(10) Greyish-brown zircon: Occurrence: Larvik. 
HO, ...+8 

(11) Brown zircon: Occurrence: North Carolina. 
a 

(12) Reddish-brown zircon: Occurrence: Ceylon. 
Me. «<9 

(13) Grey zircon : Occurrence : Madagascar. 
HfO, ... 8 

(14) Yellowish-brown zircon: Occurrence: unknown.* 
ae 


(15) Greyish-brown zircon: Occurrence: Miasc (Rammelsberg, 
op. cit.). 
FeO,. SiO,. ZrO. Hfo,. 
1-91 32-44 59-92 o-4 
(16) Hyacinth : Occurrence: Espouilly (Le Puy). 


Fe,0;. SiO,. ZrO). Hf0,. 
0-62 33-23 64-23 18 


(17) Hyacinth : Occurrence: Vicenza. 


HfO, . . . 18 
(18) Zircon separated from monazite : Occurrence: Brazil. 
ZrO, . . . 63-7 HfO, . . . 43 
(19) Zircon separated from monazite : Occurrence : India. 
ZrO, . . . 623 HfO, . . . 27 
(20) Cyrtolite: Occurrence: U.S.A. 
SO, i. . @ HfO, ... 9 


(21) Alvite : Occurrence: Krageré.t 
ZO, ... Sf 


* Selected from an occurrence of thorianite crystals, and kindly supplied 
to us by Dr. R. B. Moore, Chief Chemist, Bureau of Mines, Washington. 
Compare also Ogawa, Chem. News, Nov. 27, 1908. 

+ Kindly supplied to us by Prof. V. M. Goldschmidt in Christiania, That 
the hafnium content of alvite is particularly high was first shown by Gold- 
schmidt and Thomasen (Norsk geologisk Tidskrift, 1923, 7, 61). 
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Alvite exhibits a rather varying hafnium content, other samples 
containing 3 (Krageré), 8 (Krageré), 9 (Gjersted), 10 (Risér), and 


15 per cent. (Krager6). 


(22) Naégite: Occurrence: Mino, Japan (Wada, Beitr. Min. 
Japan, Nr. 2, Tokio, 1906, p. 23). 


Y,03. Cb,0,+Ta,0,. UO,. SiO,. ZrO,  HfO,  ThO,. 
9-12 7-69 3-03 20:58 48-30 7 5-01 


(23) Eudialyte : Occurrence: Greenland.* 


Ce,03, Pr,O3. 

Nd,O,, La,O, - 
Na,O. MgO. CaO. MnO. FeO. ~ * SiO,. ZrO,. HfO,. 
15:90 0-15 10°57 0-42 5-54 2-27 48-63 14-30 0-19 


(24) Eucolite: Occurrence: Norway (Rammelsberg, Z. geol. 


Ges., 1886, 38, 500). 
Ce,0;, Pr,Qs, 
Nd,O;, La,O3. _. 
Na,O. K,O. CaO. MnO. FeO. ————— SiO, ZrO,. Hf0,. 


8-80 1:24 10-63 0-52 7:28 4-07 48-88 14-47 0-7 
(25) Catapleite : Occurrence : Greenland. 


Na,0. FeO. SiO,. 7r0,. Hf0,. H,0. 
14-09 0-71 44-70 30-65 0-2 9:07 


(26) Wohlerite: Occurrence: Langesund (Tschernik, Bull. 
Acad. Imp. Sci., Petrograd, 1909, 3, 903). 


Na,O. MgO. CaO. MnO. FeO. SiO,. ZrO,. HfO,. Cb,O, H,O.  F. 
7-67 0-16 26-78 0:57 0-70 30-11 17-55 0-7 12:80 0-26 2-80 


The X-ray investigation of fergusonite and euxenite, the chief 
constituents of which are columbium and elements of the rare- 
earth group, gave no indication of the presence of hafnium in these 
minerals. From amongst twenty analyses of fergusonite (Doelter’s 
“Handbuch der Mineralogie,” 1918, III, 253), zirconium was 
detected in only two samples (namely, 1 per cent. and 2 per cent.), 
and of twenty-four analyses of euxenite (op. cit., p. 203) only three 
contained zirconium (namely, 1:3 per cent., 1-8 per cent., and 
2-8 per cent.). That the minute quantities of zirconium present 
in these minerals are not free from hafnium, however, is evidenced 


* Lorenzen, Min, Mag., 1882, 5, 63. Potassium silicofluoride, prepared 
by Julius Thomsen from eudialyte, was found to contain hafnium to the 
extent of 0-6 per cent. of its zirconium content, an appreciable part of the 
hafnium originally present having been presumably removed in the mother- 
liquor when the crystals were prepared. 

+ Flink, Medd. Grénland, 1899, 24, 102. In 1852, Sjégren thought he 
had discovered a new element, similar to zirconium, in catapleite, but his 
results could not be reproduced by later investigators, including Marignac. 
It is of interest to note that catapleite has an especially low hafnium content. 
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by the fact that, when fergusonite and euxenite were treated in 
large quantities on an industrial scale, the extracted zirconium 
contained 5 to 6 per cent. of hafnium. These preparations were 


kindly presented to us by Baron Auer von Welsbach. 


It is of interest to note that thorium minerals free from zirconium 


were found to contain no hafnium. 


(1) Thorianite: Occurrence: Ceylon (Dunstan and Jones, 


Proc. Roy. Soc., 1906, 77, 547). 


CaO. PbO. Fe,0; (Ce,0; ThO,  U,0, ° HfO, H,0. 
0-91 2-54 0-87 1-47 78:98 13-40 0 1-28 


(2) Orangite : Occurrence: Norway (Schilling, Z. angew. Chem., 
1902, 15, 921). 


Na,O. K,O. CaO. Al,O;. Fe,03 SiO, ThO, U,0; H/O,. H,0. 
0:36 O41 4113 0-82 120 1759 69:98 108 0 6-95 


(3) Thorite : Occurrence: Norway. 
en ee 


Furthermore, titanium minerals like rutile and ilmenite were 
found to be free from hafnium. 

It is well known, chiefly as a result of the measurements of 
R. J. Strutt, that all zircons exhibit radioactive properties, by 
virtue of the presence in them of minute amounts of uranium and 
thorium. Zircons with a large thorium or uranium content were 
also found to contain rather large amounts of hafnium, and the 
radioactivity of zircons accordingly shows a rough parallelism with 
their hafnium content. Radioactive measurements may thus prove 
very useful when a search is being made for zircons with a high 
hafnium content. The following numbers were found for the 
relative activities of zircons by Strutt : 


QyTOOTES — nccccctevnssecsvssenssccoscnesscs 8-98 
WINOD ocecny ccikusuessecneacsscaeveoestibaes tes 1-81 
PMO odisiicisnbyssicdesiceddsshodesses 1-40 
PADCORN CY IIIB) |. secs cnncesesscacesecetes 0-52 
Zircon (North Carolina) ..............+ 0-30 


For similar minerals we found the following relative activities : 


Cyrtolite (Rockport)  ..............6006 3°8 
PRUGRUO COIR IS. 25565 odin k isda. 355525 3-6 
VEO UCBTAQOTD)) dpssiccssovectnwssecceeps 1-2 
POOR UINGEWEN). scceascncccisasccssecone 0-16 


Both series show a parallel diminution in their hafnium content. 
Clark (“Data of Geochemistry,” Washington) estimates the 

zirconium content of the earth’s crust at about 0-015 per cent. If we 

take the average hafniym content of zirconium to be 3 per cent., 


@ 
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we find the hafnium content of the earth’s crust to be 0-00045 per 
cent. The actual hafnium content of the earth’s crust probably 
lies between 1/100,000 and 1/300,000. 


Our best thanks are due to Professor O. B. Béggild, Director of 
the Mineralogical Museum, Copenhagen University, for supplying 
us with a large number of zirconium minerals, and to Dr. D. Coster, 
for his valuable help with the X-ray investigations. 


INSTITUTE OF THEORETICAL PuHysics, 
THe UNIVERSITY, COPENHAGEN. [Received, October 26th, 1923.] 


CCCLXXXI.—The Chemistry of Posidonia Fibre. 
Part I. 


By JoHN CAMPBELL EARL. 


Tue fibrous remains of Posidonia australis accumulate in beds of 
very considerable extent along the coasts of certain parts of Australia, 
and from time to time the commercial possibilities of the fibre have 
been tested with some degree of success (Winterbottom, Bulletin 
No. 4, South Australian Department of Chemistry, Adelaide, 1917). 
An investigation of the material covering a considerable range was 
carried out by Read and Smith under the auspices of the Common- 
wealth Institute of Science and Industry (Bulletin No. 14, Melbourne, 
1919), and among the properties observed was the behaviour of the 
fibre on treatment with hot 3 per cent. sulphuric acid, which 
occasioned a loss in weight of about 36 per cent. The acid solution 
on neutralisation had a strong reducing action on Fehling’s solution, 
but was not further examined. 

The Action of Hot Dilute Sulphuric Acid on Posidonia Fibre.— 
The present investigation was undertaken with a view to ascertain 
the nature of the material extracted from the fibre by means of hot 
dilute sulphuric acid. To remove all likelihood of hydrolysis of 
the cellulose taking place, the acid employed was very dilute, at no 
time exceeding 2 per cent., whilst the duration of the treatment was 
also made as short as possible for the same reason. It was found 
that immersion of 100 grams of the air-dried crude fibre (containing 
12-5 per cent. of moisture and 10-4 per cent. of ash) in 2 per cent. 
sulphuric acid with passage of steam for one and a half hours yielded 
59-7 grams (corrected for moisture) of a material which underwent 
very slight further loss on repeating the treatment. Even under 
these mild conditions, the loss in weight was thus very considerable. 

The reducing action of the extract, after neutralisation with 
barium carbonate, removal of chloride by treatment with silver 
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sulphate, and concentration to small bulk (250 c.c.) under diminished 
pressure, was found to be due mainly to a pentose or a mixture of 
pentoses, the quantity of which, calculated on the dry, ash-tfree 
fibre, was between 10 and 15 per cent. This estimate was arrived 
at from observations made on the reducing power of the solution 
and the formation of phenylosazones. 

The optical rotation of the solution in a 1-dem. tube was «2 +-1-10°, 
The quantity of reducing sugars calculated as pentoses was 8-] 
grams. Assuming all the reducing sugars to be pentoses, their 
mean specific rotation would be [a]? + 33-5°. 

Isolation of a Pentosephenylosazone.—A mixture of 25 c.c. of the 
above solution, 2-6 c.c. of phenylhydrazine, and 2-6 c.c. of glacial 
acetic acid was heated on a boiling water-bath for an hour. Dark, 
oily drops soon separated and, on cooling and shaking, the crude 
osazone was obtained as an orange-brown powder which, dried in a 
vacuum desiccator, weighed 1-67 grams, equivalent to 8-4 grams of 
pentose from the original 100 grams of air-dried fibre. When 
recrystallised once from benzene to which 10 per cent. of its volume 
of alcohol had been added, it melted at 155°. A second recrystallis- 
ation from benzene to which 20 per cent. of its volume of alcohol 
had been added yielded about 50 per cent. of the osazone in minute, 
lemon-yellow needles, melting at 160—161°. Further recrystallis- 
ation from the same solvent, or from dilute alcohol containing 
pyridine, raised the melting point to 166—167°. The product 
from the latter solvent was in the form of shining leaflets ; on keeping 
for a few weeks, its melting point fell to 162° (Found: C = 62:3; 
H=65; N=17-4. Calc. for C,H, )0,N,, C = 62:2; H=6-1; 
N= 17-1 per cent.). The substance appeared to be optically 
inactive in pyridine-alcohol solution and is possibly a dl-pentose- 
phenylosazone: the melting point corresponds with that of dl- 
arabinosephenylosazone. 

A comparison of the properties of the Posidonia osazone with 
those of recorded pentoseosazones is shown in the following table : 


Osazone Highest m. p. ap (0-2 gram in 10 c.c, of 
from : recorded. pyridine-alcohol). 
l-Arabinose 160° +1° 10’ * 
d-Xylose 170 —0° 15’ 
dl-Arabinose 169—170 inactive 
dl-Xylose 210—215 inactive 
Posidonia 166—167 inactive 


* Neuberg, Ber., 1899, $2, 3384. 


Since the sugar solution from which the osazone is prepared is 
optically active, it is evident that the inactive osazone isolated 
represents only a part of the sugar in solution. 
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To determine whether any fermentable sugars were present in the 
solution under examination, 50 c.c. were mixed with a little fresh 
yeast and kept in a warm place for some hours. The solution was 
then filtered and made up to 100 c.c. with water. Its optical 
rotation was found to be practically unaltered when referred to the 
original concentration. 

A further portion of the solution (140 c.c.) was evaporated to a 
syrup under diminished pressure. The syrup was extracted with 
boiling methyl alcohol and the solution filtered. Water (10 c.c.) 
was added to the insoluble residue and the resulting mixture again 
extracted with methyl alcohol (100 c.c.). After repeating this 
treatment, the united methyl-alcoholic extracts were evaporated to 
a thin syrup. Excess of ethyl alcohol was then added, and the 
precipitated syrup macerated with more alcohol until it was solid 
and powdery. The solid so obtained (1-2 grams) reduced Fehling’s 
solution, but gave 14-8 per cent. of ash on ignition. Its aqueous 
solution showed a very small levorotation. The alcoholic liquors 
were evaporated, but attempts to obtain a solid product from them 
were unsuccessful. 


hol The investigation of these sugars is being continued. 

ite, The Action of Hot Dilute Sulphuric Acid on Posidonia “ Cellulose.” 
lis- —} —The source of the pentoses obtained as described above may be 
ing § regarded as a readily hydrolysable pentosan present in the fibre. 
ict § This pentosan is not readily affected by chlorine, and a “ cellulose ” 
ng § isolated from the fibre by the customary method of Cross and Bevan 
3; ff (49-2 per cent., calculated on the dry fibre) still suffers a considerable 
1; § loss on treatment with hot 2 per cent. sulphuric acid. In one case, 


the “ cellulose ’’ so obtained lost one-third of its weight by the acid 
treatment. The loss is not due to a progressive hydrolysis of the 
“cellulose,”’ since there is no further loss on repeating the treatment 
(compare Read and Smith, loc. cit., p. 19). The acid extract yielded 
a phenylosazone which melted, after recrystallisation, at 152° and 
was apparently identical with that previously obtained from the 
raw fibre. 

The pentosan is not removed from the fibre by treatment with 
aqueous alkalis. The first stage in the method of Cross and Bevan 
involves boiling with dilute sodium hydroxide solution, yet the final 
“cellulose ’’ contains a considerable quantity of pentosan. Read and 
Smith observed that the loss on 8-hydrolysis of the fibre (boiling 
with 1 per cent. sodium hydroxide solution for one hour) was very 
small, the highest value recorded being 6-3 per cent.; moreover, 
treatment of the fibre with a solution of sodium hydroxide of 
mercerising strength resulted in a loss of only 3 per cent. (loc. cit., 


p. 15). 
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The resistance of the pentosan to the chlorination treatment 1 
doubt accounts for the divergent values recorded for the percentag 
of “‘ cellulose ” in the fibre. The quantity of pentosan remaining jy 
the “ cellulose” will vary with certain factors in the process, fy 
example, the rate at which the chlorination is carried out. Dury 
the treatment the fibre mass becomes warm and hydrochloric agij 
is formed; this presumably brings about partial hydrolysis of the 
pentosan, and the extent of the hydrolysis will be affected by the 
temperature and by the amount of water present. 

The amount of cellulose in the acid-treated fibre was found to hy 
48-7 per cent. This is equivalent to 33-2 per cent. of the original 
dry, untreated fibre, and corresponds very closely with the valu 
of 33-9 per cent. of cellulose obtained by treating the “ cellulose” 
from the original fibre with hot 2 per cent. sulphuric acid. 


The author acknowledges his indebtedness to the McCaughey 
Research Fund of the University of Sydney for a grant in aid of the 


investigation, to Mr. R. K. Newman, B.Sc., for assistance in its early } 


stages, and to Professor Read for the interest he has show 
throughout. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
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CCCLXXXIT.—The Action of Highly Concentrated 
Hydrochloric Acid on Cellulose and on some 
Derivatives of Glucose and of Xylose. 


By Epmunp LaneLtey Hirst and DonaLp RoBeEeRtTsON 
MorRIson. 


Fomine hydrochloric acid on several occasions in the past proved 
to be a useful reagent for effecting the hydrolysis of complex carbo- 
hydrates, and on more than one of those important quantitative 
results were claimed. ‘Thus Willstiitter and Zechmeister (Ber., 1913, 
46, 2401), from a study of the hydrolysis of cotton cellulose by 
this method, stated that the polysaccharide is convertible quan- 
titatively into glucose, whilst Heuser and Boedeker (Z. angew. 
Chem., 1921, 34, 461), in the course of work with wood pulp cellu- 
lose, advanced similar claims. An examination of the recorded 
experimental evidence reveals that in the former case the con- 
clusions were based on evidence provided by a comparison of the 
reducing powers and the optical activities of glucose and of cellulose 
when dissolved in fuming hydrochloric acid; whilst in the latter 
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case observations of the same nature were supplemented by the 
isolation of a substance which gave the usual reactions of glucose. 
The abnormal exaltation of the specific rotations of glucose and its 
methylated derivatives in hydrochloric acid solution introduces, 
however, an element of uncertainty into the deductions made from 
these experimental observations, and a further investigation of 
this subject has since been undertaken by Zechmeister (Z. physikal. 
Chem., 1922, 103, 316), who finds that the exaltation is dependent 
on the concentration of the acid and that the effect is a reversible 
one. In view of the possibility, which was therefore still open, 
that profound structural changes might have taken place during 
the treatment of a sensitive compound such as glucose with fuming 
hydrochloric acid, it was felt that the whole reaction required 
reinvestigation before complete reliance could be placed on results 
obtained by this method in the course of structural investigations 
in the carbohydrate group. These considerations involved an 
investigation of the action of hydrochloric acid on glucose and on 
cellulose, and it seemed desirable to extend the range of the experi- 
ments to include a study of the action of the concentrated acid on 
typical methylated sugar derivatives. The application of the 
process to the constitutional study of the complex polysaccharides 
involves ultimately the hydrolysis of the methylated derivatives, 
which are in some cases substances displaying remarkable stability, 
and if recourse is to be had to fuming hydrochloric acid as the 
hydrolytic agent it is necessary to prove in the first place that the 
products of hydrolysis are themselves stable in the presence of the 
acid. For this reason it was decided to investigate the stability, 
under the given experimental conditions, of representative sugar 
compounds which might be expected to arise from the hydrolysis 
of substances such as the methylated derivatives of cellulose, starch, 
or xylan. The work of Denham and Woodhouse on the hydrolysis 
of methylated cellulose (T., 1913, 105, 2337) may be cited as 
emphasising the importance of the considerations just advanced. 
Using fuming hydrochloric acid, these authors obtained from their 
methylated derivative various partly methylated glucoses, but the 
fully substituted tetramethyl glucose appeared to be entirely absent. 
This is of profound importance from the point of view of the con- 
stitution of cellulose and therefore it is essential, particularly with 
regard to future possible investigations, to be certain that this 
failure to isolate tetramethyl glucose was not due to the destructive 
action of the acid on the compound. 
It is obvious that the value of the evidence as to constitution 
obtained from investigations of this nature must depend very 
largely on the actual yields of the various substances produced in 
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the course of the experiments and in view of the importance of this 
consideration special attention has been directed to the quantitative 
aspect of the reactions. Experiments have been carried out to 
determine the action of fuming hydrochloric acid on the following 
substances : tetramethyl glucose, 2 : 3 : 6-trimethy] glucose, 2 : 3 : 5. 


trimethyl glucose, a dimethyl glucose, trimethyl methylxyloside, § 


trimethyl methylarabinoside, and glucose itself. Finally, in the light 
of the knowledge gained from these experiments, studies were made of 
the action of the same acid on cellulose, xylan, and esparto cellulose. 


Methylated Derivatives of Glucose, Xylose, and Arabinose. 


In the case of the methylated glucoses the experimental evidence 
points conclusively to their complete stability under the conditions 
of hydrolysis employed by Willstatter and Zechmeister, and the 
substances may be recovered unchanged after the experiment. The 
optical activities in acid solution of the methylated hexoses investi. 
gated all showed marked exaltation, in which respect their behaviour 
is parallel to that of glucose itself. The values of the specific 
rotations remained constant over a period of several days, and the 
change governing the exaltation would appear to be completely 
reversible. The greater stability of the methylated derivatives as 
compared with free glucose was, however, revealed in the observ. 
ation that the specific rotations of the former remained constant 
under conditions which occasioned considerable changes in the case 
of glucose. Somewhat surprising results were obtained with the 
two fully methylated pentoses. It was already known that methyl- 
ation tends to increase stability in the glucose series and accordingly 
it was thought probable that the methylated pentoses would show 
a similar stability. On the contrary, however, it was found that 
formation of furfural took place in the cold with the fully methylated 
derivatives of both xylose and arabinose, resulting in a rapid destruc- 
tion of the sugar molecule. These results are of direct practical 
importance in that they show that during the hydrolysis of methyl- 
ated polysaccharides derived from glucose it is improbable that the 
yields of the various hydrolysis products will be diminished by the 
destructive action of the acid employed, whilst, on the other hand, 
in the study of the pentosans hydrolysis cannot profitably be 
carried out by this method. 

Glucose.—At low temperatures and for small concentrations of 
sugar, it is known that the specific rotation of glucose in fuming 
hydrochloric acid remains constant for at least twenty-four hours 
(Willstitter and Zechmeister, loc. cit.) and, in view of the results 
obtained with methylated glucoses referred to above, it must be 
considered highly probable that under these conditions glucose 
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remains unchanged in the presence of the acid. Slight variations, 
however, in concentration or temperature serve to initiate changes 
of a profound nature, and the inconvenience of the reaction is 
emphasised further by the fact that attempts to isolate the glucose 
quantitatively in the form of the readily recognisable crystalline 
methylglucoside were unsuccessful, even when optical activity and 
reducing power showed that the glucose was still unchanged in 
amount. As will appear from the details given in the experimental 
part, this failure was probably attributable to the necessarily 
protracted nature of the isolation process, during the whole of 
which the glucose was in contact with hydrochloric acid. From 
the point of view of usefulness as an experimental method, greater 
interest is obviously attached to the behaviour of glucose in hydro- 
chloric acid solution when the sugar is present in moderate concen- 
tration, and accordingly a further series of experiments was carried 
out with a 10 per cent. solution in 43 per cent. aqueous hydrochloric 
acid. Here it was found possible to reduce considerably the time 
taken to eliminate the acid at the conclusion of the reaction, 
hydrolysis of any condensation products formed could be prevented, 
and by making use of tetramethyl glucose as the standard reference 
substance a ready method was available for the separation of the 
various products which might be formed during the reaction. 
Finally, approximate quantitative relationships could be obtained 
by comparison with the data already available on the methylation 
of glucose. In spite of special precautions taken to avoid loss of 
material, the yields of tetramethyl glucose were low, amounting in 
no case to more than 50 per cent. of the quantity obtainable from 
glucose. It is important to note that no derivatives of the y-type 
were encountered. A considerable portion of the final methylated 
product was apparently a complex mixture of methylated sub- 
stances of the dextrin type, giving on hydrolysis a syrup with the 
composition of a trimethyl glucose. The experiments of Fischer 
and Armstrong (Ber., 1902, 35, 3144) showed that the action of 
fuming hydrochloric acid on glucose in concentrated solution leads 
to the production of isomaltose and of dextrin substances, and a 
similar series of changes would appear to have taken place even 
under the milder conditions of the experiments just described. It 


_ is evident, therefore, that in the hydrolysis of compounds giving 


glucose as one of the hydrolysis products the range of concentration 


| within which this reaction may be employed with any degree of 


certainty is at the best very limited. 
Cotton Cellulose——-A similar double series of experiments was 


| performed with cotton cellulose, the glucose isolated after the 
reaction being identified both as methylglucoside and as tetramethyl 
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glucose. A quantity of methylglucoside was obtained by the firs 
method, but again the yields were poor and the final produc 
impure. Better results were given by the second series of experi. 
ments, using a cellulose concentration of 6 per cent., when yields of 
pentamethyl glucose were recorded to the extent of 70 per cent. of 
the amount to be expected if the hydrolysis product consisted 
entirely of glucose. Once more no trace of the y-type derivative 
could be identified. The high-boiling fraction already mentioned 
as obtained from glucose was in this case present to a smaller 
extent, a fact which may be readily understood if it is remembered 
that the glucose would be formed gradually by hydrolysis of the 
cellulose and the greater part of the free sugar would therefore be 
in contact with the acid for a comparatively short period of time. 
Confirmation is thus given of the conclusions already drawn from 
the experiments with glucose. 

Esparto Cellulose and Xylan.—Treatment of esparto cellulose 
with fuming hydrochloric acid resulted in the formation of a dark. 
coloured solution with evolution of quantities of furfural, and 
exactly similar results were obtained with xylan prepared from 
esparto (compare Heuser and Kiirschner, J. pr. Chem., 1921, [ii], 
103, 69). The polarimetric changes which take place during the 
solution of esparto cellulose in hydrochloric acid have been studied 
by Cunningham (T., 1918, 113, 173), who showed that the changes 
in optical activity followed a course analogous to that of cotton 
cellulose, and in view of the marked differences in properties between 
cotton and esparto cellulose she criticised adversely a method of 
hydrolysis which claimed to be quantitative and which could not 
differentiate between two such dissimilar substances. An inter- 
pretation of these observations is possible as a result of the experi- 
ment now described, taken in conjunction with recent work on the 
composition of esparto cellulose, which has been shown to be 
composed of glucose residues and of xylose residues present in the 
proportions of 80 per cent. and 20 per cent. respectively (Hirst, 
Brit. Assoc. Rep., 1922, 358; Irvine and Hirst, unpublished research). 
During hydrolysis with fuming hydrochloric acid, the comparatively 
small xylan portion is destroyed with formation of furfural and the 
polarimetric changes become a record of the production of glucose 
or substances derived from glucose, the course of the change being 
exactly parallel to that for cotton cellulose. This similarity in 
optical behaviour does not necessarily indicate, however, that the 
glucose residues of cotton and esparto cellulose are similarly con- 
stituted, for in the investigation of structural problems little reliance 
can as yet be placed on evidence derived from a complicated reaction 
of the type now under consideration. 
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Summarising these results it would appear that : 

1. Methylated sugar derivatives resemble the free sugars in 
showing when dissolved in fuming hydrochloric acid a marked 
exaltation of their specific rotations. These methylated substances 
are stable in the presence of the acid and may be recovered 
unchanged from the solutions. 

2, Glucose is much more sensitive to the action of hydrochloric 
acid than its methylated derivatives, and under ordinary conditions 
of temperature and at comparatively low concentrations the sugar 
is exceedingly unstable. 

3. The use of highly concentrated hydrochloric acid as a hydro- 
lytic agent is justifiable when the products of the reaction are 
methylated glucoses of normal] structure, but the method must be 
employed with great caution when free glucose is one of the 
hydrolysis products. 

4, The method is wholly inapplicable to the hydrolysis of pento- 
sans and their methylated derivatives. 


EXPERIMENTAL. 


Action of Hydrochloric Acid on Typical Methylated Sugars. 


Tetramethyl Glucose.—In hydrochloric acid (d 1-200) the optical 
activity of tetramethyl glucose was found to show considerable 


exaltation and a constant value [a], = -+ 100° (c = 1-30) was 
recorded in place of + 83°. 2-84 Grams of tetramethyl glucose 
were dissolved in 120 c.c. of acid (d 1-200). After five hours at 0°, 
followed by a further sixteen hours at 15°, the excess of acid was 
removed by drawing air through the solution for several hours. 
After distilling away the greater part of the remaining acid under 
diminished pressure at 50°, the last traces were eliminated by 
treatment with silver carbonate. From the neutral solution a 
syrup weighing 2-71 grams was isolated, the whole of which solidified 
on cooling. For this crude material, the following constants were 
found: m. p. 60—70°; [«], + 82-3° (c = 1-513) in ethyl alcohol; 
OMe = 51 per cent. [C,H,O,(OMe), requires OMe = 52-5 per cent.]. 
These values are in close agreement with those found by Purdie 
and Irvine for the equilibrium mixture of the «- and $-forms of 
tetramethyl glucose, and complete identity was established by a 
determination of the m. p. of a mixture of the recrystallised material 
with an authentic specimen. 

2:3:6-Trimethyl Glucose.—0-99 Gram of this trimethyl glucose 
was treated with 10 c.c. of acid under conditions exactly parallel to 
those described above. [«], = + 92° (c = 1-52) in place of the 
normal value, + 69°. On isolation after twenty-four hours, 0-84 
gram of unchanged crystalline trimethyl glucose was recovered, the 
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loss of 0-18 gram being within the limits of experimental error jy 
view of the lengthy nature of the recovery process. The m. p. of 
the crude crystals showed a range of 85—102°, as already recordej 
for material which has been crystallised once only, and a mixej 
m. p. with an authentic specimen showed no depression (m. p, 
100—102°). [a], = + 96-5° (c = 0-933) in methyl alcohol, é&. 
creasing to a permanent value, + 67-5°. The m. p. after on 
recrystallisation rose to 108° and therefore the sugar had beg 
recovered almost unchanged in amount and chemically pure. 

2:3:5-Trimethyl Glucose and Dimethyl Glucose.*—Similar experi. 
ments with 2:3: 5-trimethyl glucose and a dimethyl glucoy 
(probably 2: 5-dimethyl glucose) revealed an exaltation of 3(' 
in the specific rotation, [«], being + 91° and + 81° (c = 1-20 and 
1-364, respectively). These values remained constant, and the 
substances appeared to be stable under these conditions. 

Trimethyl Methylxyloside——A small quantity of crystalline tri. 
methyl methylxyloside, dissolved in fuming hydrochloric acid, 
developed furfural after standing for a short time at room temper. 
ature. The furfural was identified by the colour reaction with 
aniline acetate and also by means of the additive compound with 
phloroglucinol, during the formation of which the characteristic 
series of colour changes was observed. 0-1664 Gram of substance 
and 10 c.c. of acid (d 1-22) gave after twenty-four hours 0-0412 gram 
of the phloroglucide compound, corresponding with 0-025 gram of 
furfural. The methylated xylose had therefore been decomposed 
to the extent of at least 36 per cent. Fully methylated arabinose 
was found to give similar results. 


Control Experiments with Glucose. 


Four grams of glucose were dissolved in 400 c.c. of hydrochloric 
acid (d 1-200) and the solution was allowed to remain at room temper- 
ature for twenty hours. Air was then drawn through the solution 
for twelve hours, and thereafter the greater portion of the acid was 
removed by distillation, first of all from a water-bath at 40° and 
later at 50°, fresh water being added to the solution as required. 
At the end of one hundred hours, the solution, which invariably 
developed a slight yellow colour, was neutralised with silver carbon- 
ate, and the weight of syrup finally isolated amounted to 4:13 
grams. 2-734 Grams of this material were subjected to Fischer's 
glucoside reaction, giving a crystalline mass of weight 2-25 grams 
(Found: C= 42:9; H=7-35; OMe = 12-7. C,H,,0,*OMe re- 
quires C = 43-3; H = 7:25; OMe = 15-95 per cent.). [a], = + 

* The authors are grateful to Dr. J. W. H. Oldham, M.A., for a supply 
of these two substances. 
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128-2° (c = 1-402) in methyl alcohol, and [a], = + 139-5° (¢c = 
1-202) in water. The accepted figure for the equilibrium mixture 
of the «- and $-methylglucosides is + 108°. The product was 
therefore impure, and on the basis of the Zeisel figure the maximum 
amount of methylglucoside in the mixture would be 78 per cent., 
corresponding to an overall yield of about 60 per cent. of recovered 
glucose. The action of alkali on the product indicated the presence 
of ester-like substances. In the second series of experiments, where 
the concentration of sugar was higher, the process of neutralisation 
was shortened, and at this stage there was little possibility of 
decomposition of any of the reaction products. Thirty grams of 
glucose were dissolved in 300 c.c. of acid (d 1-203) and the solution 
was allowed to remain at 15° for twenty hours. Air was then 
drawn through the solution, which had been diluted with an equal 
bulk of water. Thereafter the volume was reduced to 300 c.c. by 
distillation under diminished pressure at 40°. The liquor was next 
neutralised with caustic soda (30 per cent. solution) and afterwards 
evaporated under diminished pressure to a mixture of solid and 
syrup. This was treated with methy! sulphate (110 c.c.) and caustic 
soda (110 grams) in the usual manner and after careful extraction 
and recovery of all the methylated products, followed by further 
repeated methylation by the silver oxide method, a final yield of 
16-2 grams of a dark-coloured, viscous syrup was obtained. Dis- 
tillation of this material gave the following fractions : 


I. 6-08 grams, b. p. 130—133°/9 mm., np 1-4440. 
_ II. 2-71 grams, b. p. 140—175°/8 mm., np 1-4530. 
Ill. 4:54 grams, b. p. 250—260°/2 mm., n, 1-4694. 


The first fraction crystallised almost completely, and proved to be 
tetramethyl methylglucoside (Found : OMe = 60-0. Calc., OMe = 
620 per cent.). The crystals, after draining on a porous tile, gave 
[a], — 15° (c = 1-000), m. p. 37°, the values quoted in the literature 
being — 17° and 39° respectively. Digestion with N/100-hydro- 
chloric acid did not alter the specific rotation, the absence of any 
y-sugar derivatives being thus indicated. On hydrolysis with 8 per 
cent. hydrochloric acid, 4-94 grams gave 3-59 grams of crystalline 
tetramethylglucose (yield 72 per cent.) (Found: OMe = 51:3. 
Calc, OMe = 52-6 per cent.). [a], = + 81-6° (c = 0-858) in 
ethyl alcohol, the accepted value being 82-3°. The m. p. after one 
recrystallisation from light petroleum was 80°. The amount of 
tetramethyl glucose isolated is thus less than half that usually 
obtained from the same quantity of glucose. 

The highest-boiling fraction consisted of a viscous syrup which 
was brown in colour and slightly acid in reaction, but without 
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action on Fehling’s solution. The analytical figures obtained did 
not correspond closely with those required for any simple substance, 
but were of the order required by a trimethylated derivative of a 
dextrin possessing the formula (CgH1095)z (Found: C = 53.2: 
H = 82; OMe = 47. C,H,,0; requires C = 52:9; H = 7-85; 
OMe = 45-6 per cent.). After being washed with alkali, the 
material was neutral in reaction, but the analytical figures were 
not appreciably altered. Hydrolysis was carried out by boiling for 
two hours with 8 per cent. aqueous hydrochloric acid, and the 
product was isolated by exhaustive extraction of the neutralised 
solution with chloroform. It was found to be a stiff syrup which 
reduced Fehling’s solution vigorously. This showed b. P. 180— 
200°/10 mm., nj 1-4611, and [a], + 82-3° (c = 1-410) in ethyl 
alcohol. The main fraction from the distillation (b. p. 180—190°/10 
mm.) had a marked action on Fehling’s solution, showed OMe = 41:5 
per cent., and therefore appeared to consist largely of a substance 
with the properties and composition of a trimethyl glucose. 


Action of Concentrated Hydrochloric Acid on Cellulose. 


Cotton Cellulose—The experimental procedure was exactly similar 
to that described for glucose, and only the final results need be 
quoted. In one series of experiments, 4-00 grams gave 3-18 grams 
of crystalline material containing methylglucoside (Found: C= 
42-3; H = 7-0; OMe = 16-2 per cent. [«], + 85° for c = 1-23 in 
water). From the figures recorded, the maximum possible yield of 
methylglucoside obtained corresponds to less than 70 per cent. of 
the calculated quantity, and here again the presence of esters was 
indicated. Using the second method, 30 grams of cotton were 
dissolved in 500 c.c. of hydrochloric acid (d = 1-205) and the 
solution was maintained at 15° for twenty hours. The yield of 
methylated material finally obtained was 18 grams, which after 
distillation and remethylation of the higher-boiling fractions gave 
finally: 


I. 9-19 grams, b. p. 139°/13 mm., nj* 1-4438, OMe = 60-5%. 
II. 2-3 grams, b. p. 130°/10 mm., nj? 1-4462, OMe = 61% 
IIT. 1-15 grams, b. p. 138°/10 mm., nj?’ 1-4500, OMe = 58° 
IV. 1-38 grams, b. p. 175°/4 mm., nj?’ 1-4580. 


The total loss during the methylations and distillations was 4 grams. 
The first two fractions crystallised completely and were shown to 
be tetramethyl methylglucoside, the yield of this compound thus 
being about 70 per cent. of that usually obtainable from the quantity 
of glucose corresponding to the cellulose used. As before, the 
absence of any sugar derivatives of the y-type was demonstrated. 
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On hydrolysis of fractions I and II, 4-75 grams of tetramethyl 
glucose were obtained from 6-5 grams of syrup (yield 78 per cent.) 
(Found : OMe = 52 per cent., [«]) + 81-9° for c = 0-806 in ethyl 
alcohol). After one recrystallisation from light petroleum, the m. p. 
was 80°, and a mixed m. p. showed no depression. 

Esparto Cellulose and Xylan.—The esparto cellulose was treated 
in the same manner as the cotton cellulose, and in this case rapid 
darkening in colour took place with simultaneous evolution ‘of 
furfural, the presence of which was recognised by the aniline acetate 
test, until at the end of twenty hours a black, gelatinous mass 
remained. Two grams of xylan, isolated from esparto cellulose, 
were added to 25 c.c. of fuming hydrochloric acid (d 1-203), where- 
upon the material gradually dissolved with development of dark- 
coloured decomposition products. Furfural was detected after an 
interval of ten minutes, and was present in increasing quantities as 
the reaction proceeded. 


The authors are grateful to Principal J.C. Irvine, C.B.E., F.R.S., 
at whose suggestion work on this topic was commenced, for the 
interest he has shown, and to the Trustees of the Carnegie Trust 
for generous help received. 
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CCOCLX X XTII.—Preparation of 2:3-, 2: 5-, and 3:4- 
Dinitrotoluenes.* 


By Harotp JAMES PaGE and BENJAMIN RicHARD HEASMAN, 


THE work described in this paper was undertaken with the object 
of preparing fairly large quantities of these dinitrotoluenes, which 
were required for an investigation of the products of nitration of 
toluene, by the method of thermal analysis (see Gibson, Duckham, 
and Fairbairn, T., 1922, 121, 270). For this purpose none of the 
methods hitherto described was suitable (for example, Rozanski, 
Ber., 1889, 22, 2681; Grell, Ber., 1895, 28, 2565; Limpricht, 
Ber., 1885, 18, 1412; Nietzski and Guitermann, Ber., 1888, 21, 
433; Olivieri-Tortorici, Gazzetta, 1900, 30, i, 534. See also Brady 
and Williams, T., 1920, 117, 1137, for a summary of earlier work 
on the 3 : 4-compound). 

The first method to be tried was the conversion of nitrotoluidines 


* This investigation was carried out in 1917, but owing to circumstanceg 
it could not be published before. 
5P2 
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into dinitrotoluenes, based on Korner and Contardi’s (Atti R 
Accad. Lincei, 1914, [v], 23, i, 281) modification of Sandmeyer 
method for the transformation of amino- into nitro-compounds, but 
using for the diazotisation the method of Witt (Ber., 1909, 42, 2953), 

It was found that the ease of formation of the diazonium nitrate 
is no indication of the readiness with which this substance can he 
converted into the nitro-compound, but rather the reverse. Thu 
the diazotisation of dinitroaniline, and of certain dinitrotoluidines 
proceeds quite smoothly and without undue evolution of heat, 
whereas the mononitrotoluidines react with considerable violence, and 
great care is needed in their diazotisation by Witt’s method. On the 
other hand, however, many of the diazonium nitrates produced 
from the dinitroamines undergo conversion into trinitro-compounds 
with some readiness, whilst those derived from the mononitroamines 
with much greater heat evolution appear to be much more stable, 
and less amenable to conversion into dinitro-compounds. It 
appears probable that when there are already two nitro-groups in 
the ring, the basicity of the diazonium group is so reduced that 
the nitrate produced from it is fairly readily decomposed, but that 
with only one nitro-group already in the ring the basicity of the 
diazonium group is still so great that the nitrate is relatively stable; 
its decomposition is a matter of some difficulty, and when effected it 
is liable to proceed largely along channels other than the desired one. 

The above method having been found to give poor and uncertain 
yields, the preparation of these dinitrotoluenes by the elimination 
of the amino-groups from the corresponding dinitrotoluidines was 
investigated. This was suggested by the method of preparation 
of 3 : 5-dinitrotoluene from 3 : 5-dinitro-p-toluidine, used by Cohen 
and McCandlish (T., 1905, 87, 1270). As, however, none of the 
dinitrotoluidines suitable for this purpose, namely, 3 : 4-dinitro., 
4 : 5-dinitro-, 3 : 6-dinitro-, or 5 : 6-dinitro-o-toluidine, 2 : 5-dinitro-, 
4: 5-dinitro-, or 5 : 6-dinitro-m-toluidine, 2 : 5-dinitro- or 2 : 3-di- 
nitro-p-toluidine, was known, it was necessary to study the prepar- 
ation of certain of these compounds. By the nitration of 2-nitro- 
aceto-p-toluidide, prepared by the method of Beilstein and Kuhlberg 
(Annalen, 1870, 155, 14), a mixture of 2: 3-dinitro- and 2: 5-di- 
nitro-aceto-p-toluidides was obtained in which the 2 : 3-isomeride 
preponderated, and from which it was readily isolated. This is 
substantially the method described later by Scott and Robinson 
(T., 1922, 121, 844). This isomeride, on saponification and elimin- 
ation of the amino-group, gave a good yield of 2 : 3-dinitrotoluene: 
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This was the method finally adopted for the preparation of this 
substance in bulk. The separation of 2 : 5-dinitroaceto-p-toluidide 
from the mother-liquors was found to present considerable difficulties. 
As shown in the experimental part of this paper, although the 
authors’ results are mainly in accord with those of Scott and Robin- 
son, there is reason to believe that the substance described as 
9: 5-dinitroaceto-p-toluidide by these workers was not, in fact, 
this substance, but a mixture of it with the corresponding 2 : 3-di- 
nitro-compound. 

By saponifying, however, 2: 5-dinitro-p-toluidine could be 
obtained in a state of purity by recrystallisation of the mixed 
bases, and this, when treated in the same way as the 2 : 3-isomeride, 
was readily converted into 2 : 5-dinitrotoluene; however, since in 
the original nitration the 2: 5-dinitro-compound was formed in 
relatively small proportions, the method was not suitable for the 
purpose required. 

A similar method to the above was used in this laboratory by 
Brady and Williams (loc. cit.) for the preparation of 3 : 4-dinitro- 
toluene. 

A method of preparation of 2: 5-dinitrotoluene from p-tolu- 
quinonedioxime based on that described by Olivieri-Tortorici (Joc. 
cit.) was found to give unsatisfactory yields. A satisfactory method 
was, however, found in the action of Caro’s acid on either 5-nitroso- 
o-toluidine, prepared by Mehne’s method (Ber., 1888, 21, 729) or 
j-nitro-o-toluidine : 


C,H, Me<Nie® _, cH Me<RO? 
N - ™ \ C H.Me<NV2 (2) 
-~» orn ae 
NO ® y : 


NO, (©) 


CHyMe<NG? © —> CH sMe< 


With regard to the preparation of the latter compound, the method 
of Lellmann and Wiirthner (Annalen, 1885, 228, 240) as improved 
by Reverdin and Crepieux (Ber., 1900, 33, 2498) was found to be 
less satisfactory than that described below (see experimental 
portion). The oxidation of nitrotoluidine with Caro’s acid was also 
applied to the preparation of 3 : 4-dinitrotoluene with satisfactory 
results,* 

This method of preparation of dinitrotoluenes was subsequently 
described by Meisenheimer and Hesse (Ber., 1919, 52, 1161), thus 
confirming the results obtained by the authors. 


* 3 :4-Dinitrotoluene was first prepared by this method in another laboratory 
of this department by Dr. A. Forster, working independently of the authors. 
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EXPERIMENTAL. 


I. Preparation of 3:4- and 2: 5-Dinitrotoluenes from the Corre. 
sponding Nitroaminotoluenes by the Method of Witt-Korner and 
Contardi. 


(i) 5-Nitro-o-toluidine. Nitration of Aceto-o-toluidide.—The nitra- 
tion of aceto-o-toluidide by the method of Reverdin and Crepieux 
(loc. cit.) was used in the earliest stages of this investigation for 
the preparation of 5-nitro- and 3-nitro-o-toluidine, with fairly 
satisfactory results, but at a later stage a simpler method was 
worked out. This consisted in the use of 70 per cent. nitric acid, 

Twenty grams of aceto-o-toluidide were added in small portions 
to 75 c.c. of 70 per cent. nitric acid (d 1-42), the temperature being 
kept below 20°. The temperature was then carefully raised to 
between 40° and 50° and kept there for three-quarters to one how, 
The reaction mixture was poured into water and the crude nitration 
product washed and collected. The yield of the dried mixture was 
14 grams. 

This product, consisting of a mixture of 5-nitro- and 3-nitro. 
aceto-o-toluidide, the former in considerable excess, was hydrolysed 
with a mixture of 50 c.c. of concentrated sulphuric acid and 100 c., 
of water by heating on the water-bath for several hours. On 
cooling and dilution with water, the free bases were deposited as a 
yellow solid, m. p. 123°. This was recrystallised from alcohol, 
giving fairly pure 5-nitro-o-toluidine, m. p. 133°. This product 
was used without further purification for subsequent work, although 
by a further recrystallisation it could easily be obtained quite pure 
(m. p. 184—-134-5°). 

This compound formed the bulk of the product of hydrolysis of 
the acetylamino-compound. The isomeric 3-nitroaceto-o-toluidide 
was present in such small amounts that no attempt was made to 
isolate it from the mother-liquors. 

(ii) Conversion of 5-Nitro-o-toluidine into 2 : 5-Dinitrotoluene.— 
Twenty-two grams (3°5 mols.) of nitric acid (d 1-5) were cooled 
in ice and 7 grams (1 mol.) of sulphur dioxide passed in; the flask 
was then placed in a freezing mixture of ice and salt, and 15:2 
grams (1 mol.) of finely powdered 5-nitro-o-toluidine were added 
gradually in very small portions. The reaction was very violent, 
a flash of light being sometimes produced as the powdered amine 
was added. After a short time, the mixture was added to about 
300 c.c. of water containing crushed ice, the clear solution of 
diazonium nitrate poured into 2 litres of an ice-cold solution of 
87 grams (3-5 mols.) of copper sulphate and 50 grams (7 mols.) 
of sodium nitrite, and the mixture set aside over-night. The 
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liquid was then heated until all gas evolution had ceased (about 
one hour), and the brown, friable solid obtained, which contained 
copper, was filtered off, washed, dissolved in 70 per cent. nitric 
acid, and heated on the water-bath until no more nitrous fumes 
were evolved. The liquor was cooled, diluted with an equal volume 
of water, and extracted four times with chloroform. The extract 
was washed thrice with dilute caustic soda solution, which removed 
_a large quantity of dark-coloured material, then with water, and 
dried with calcium chloride. On removal of the chloroform, a 
light brown oil remained, which crystallised completely on cooling 
and scratching. This consisted of 5 grams of crude 2: 5-dinitro- 
toluene. It was purified by recrystallisation, first from hot aqueous 
alcohol, then from 500 c.c. of boiling light petroleum, in which it 
dissolved with the exception of a small amount of tarry matter, 
giving 2-5 grams of pure 2: 5-dinitrotoluene as a white, micro- 
crystalline powder, m. p. 48—49° (uncorr.). The same method 
can be applied to the preparation of 3: 4-dinitrotoluene from 
3-nitro-p-toluidine, but in this case the method described later is 


preferable. 


Il. Preparation of 2: 5- and 2 : 3-Dinitrotoluenes by the Elimination 
of the Amino-group from 2:5- and 2: 3-Dinitroaceto-p-toluidides. 


(i) Nitration of 2-Nitroaceto-p-toluidide.—To effect the nitration 
of this compound, prepared as described by Limpricht (Ber., 1885, 
48, 1401), 100 per cent. nitric acid was used at first, but later it 
was found possible to use nitric acid of density 1-5 without any 
serious effect on the result. There was a tendency for the nitric 
acid on dilution to set up partial hydrolysis, but this could be 
prevented by diluting with a large amount of water, filtering 
rapidly with the aid of the pump, and washing thoroughly and as 
rapidly as possible with a large quantity of water. Thirty grams 
of 2-nitroaceto-p-toluidide were added in small quantities at a 
time to 100 c.c. of fuming nitric acid, the temperature being kept 
below 40°. After half an hour, the mixture was poured rapidly 
with vigorous stirring into a large bulk of water, when a light yellow 
precipitate was formed. The dry material, m. p. 160—162°, 
weighed 32 grams. 

(ii) Separation of the Isomeric Dinitroaceto-p-toluidides.—The 
preceding product was dissolved in 300 c.c. of hot glacial acetic 
acid and, on cooling, 19-5 grams of a white product, m. p. 172-5° 
(uncorr.) separated. On further recrystallisation, a compound of 
constant melting point (174° uncorr.) was obtained in shining, white 
needles. As shown below, this consists of 2 : 3-dinitroaceto- 
p-toluidide (compare Scott and Robinson, loc. cit.). 
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The mother-liquors from the first recrystallisation gave a residue 
(10-5 grams), m. p. 130—131°. Attempts made later in the hope 
that 2: 5-dinitroaceto-p-toluidide could be isolated from this 
residue were unsuccessful, as no product of sharp melting point f 
could be obtained even after repeated recrystallisations from 
alcohol. 

As already stated (p. 3237), the substance, m. p. 132-5°, which 
Scott and Robinson (loc. cit.) describe as 2 : 5-dinitroaceto-p. 
toluidide is considered by the authors tobe a mixture of this com. 
pound and the corresponding 2: 3-dinitro-compound. As noted 
above, attempts to separate the 2 : 5-compound from its isomeride 
by recrystallisation from alcohol were invariably unsuccessful, the 
product being in all cases a mixture of the two isomerides, with a 
melting point (130—131°) closely approximating to that given 
by Scott and Robinson for their product. The authors’ product, 
as described below, is converted on hydrolysis into a mixture of 
2:5- and 2: 3-dinitro-p-toluidine, from which the 2: 5-dinitro. 
amine can be readily obtained by recrystallisation from alcohol 
and benzene. This product (m. p. 189—190°), when treated with 
acetic anhydride and a trace of sulphuric acid, gives 2 : 5-dinitro. 
aceto-p-toluidide, which on recrystallisation from acetic anhydride 
is of undoubted purity and has a constant melting point of 122° 
(uncorr.). 

(iii) Preparation of 2 : 3-Dinitro-p-toluidine.—2 : 3-Dinitroaceto- 
p-toluidide (19-5 grams), separated as above, was heated on the 
water-bath with 75 c.c. of sulphuric acid and 150 c.c. of water 
and, on cooling, 14 grams of the dinitrotoluidine separated as a 
golden-yellow, crystalline precipitate. After recrystallisation from 
alcohol, the pure substance was obtained in golden-yellow, rhombic 
prisms, m. p. 124°. 

(iv) Preparation of 2:3-Dinitrotolwene—The removal of the 

amino-group was effected in the usual way by diazotising 10 grams 
of 2 : 3-dinitro-p-toluidine in the presence of absolute alcohol and 
sulphuric acid. The product from this reaction was heated with 
-a little nitric acid (d 1-42) until evolution of nitrous fumes had 
ceased and the mixture was then poured into water. The product, 
weighing 6 grams, was almost colourless and melted at 59:5—60° 
(uncorr.), alone or mixed with 2 : 3-dinitrotoluene obtained from 
another source. This value for the melting point is in good agree- 
ment with that found by Sirks (Z. Ges. Spreng. Schiessstoffwesen, 
1909), namely, 59-3°. The value quoted earlier by Rozanski (loc. 
cit.) and by Grell (loc. cit.), namely, 63°, is probably less trust- 
worthy than that of Sirks. 

(v) Preparation of 2 : 5-Dinitro-p-toluidine.—The residue referred 
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to in (ii) above was hydrolysed as in (iii) and the mixture of amines 
so obtained was recrystallised from alcohol and then from benzene. 
This gave 2 : 5-dinitro-p-toluidine, m. p. 189—190°. 

(vi) Preparation of 2 : 5-Dinitrotoluene.—This was prepared from 
2: 5-dinitro-p-toluidine in exactly the same way as already de- 
scribed under (iv) for the 2: 3-compound. Twenty-five grams of 
the purified amine gave 11 grams of crude 2: 5-dinitrotoluene 
which, after steam distillation and recrystallisation from light 
petroleum, melted at 50-2—50-5°, alone or mixed with 2 : 5-dinitro- 
toluene obtained from another source. This value agrees with 
that of Sirks (Joc. cit.), namely, 50-2°. Earlier values for the melting 
point of this substance are 48° (Nietzski and Guitermann, loc. cit. ; 
Olivieri-Tortorici, loc. cit.) and 52°5° (Rozanski, loc. cit.; Grell, 


loc. cit.). 


Ill. Preparation of 2: 5- and 3: 4-Dinitrotoluenes by Oxidation of 
the Nitroamino-compounds with Caro’s Acid. 


(i) Preparation of 2: 5-Dinitrotoluene from 5-Nitro-o-toluidine.— 
Twelve grams of finely powdered ammonium persulphate were 
added in very small quantities to 17 grams of ice-cold concentrated 
sulphuric acid with constant stirring, the mixture was poured on 
to 70 grams of crushed ice, 2-5 grams of finely powdered 5-nitro- 
o-toluidine were added, the mixture was diluted after twelve hours, 
and the precipitated 5-nitro-2-nitrosotoluene collected and washed. 
The moist substance in small portions was dissolved in an excess 
of fuming nitric acid heated on the water-bath, nitrous fumes 
being evolved. The heating was continued until the acid was no 
longer deeply coloured, when it was poured into an éxcess of water 
and the precipitated dinitrotoluene, m. p. 48—49°, collected (yield 
14 grams). After recrystallisation from alcohol, the substance 
had m. p. 50-5°. 

(ii) Preparation of 3 : 4-Dinitrotoluene from 3-Nitro-p-toluidine. — 
This preparation was carried out in exactly the same fashion as 
that described for 2: 5-dinitrotoluene. Nine grams of 3-nitro- 
p-toluidine gave a yield of 7 grams of 3 : 4-dinitrotoluene, m. p. 
59—60°. The product so obtained was practically pure. After 
distillation in steam, its melting point was 59-3—59-8°. This is in 
good agreement with the value recorded by Sirks (loc. cit.), namely, 
583°. Beilstein and Kuhlberg (loc. cit.) record 60°, and Hausser- 
mann and Grell (loc. cit.) 61°. 

(iii) Preparation of 2 : 5-Dinitrotoluene from 5-Nitroso-o-toluidine. 
—This preparation differed from the above only in the use of 
5-nitroso-o-toluidine, obtained by Mehne’s method (loc. cit.), as a 


starting substance instead of 5-nitro-o-toluidine. Ten grams of 
5 p* 
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5-nitroso-o-toluidine gave 5-6 grams of crude 2: 5-dinitrotoluene, f 
m. p. 47—48°, which was further purified as before. 


The thanks of the authors are due to the Director of Artillery F 
War Office, for permission to publish this work, 
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CCCLXXXIV.— Dihydropentindole and its Derivatives, 
Part I. 


By Witu1am Henry PERKIN, jun., and SYDNEY GLENN Prestox § 
PLANT. 


Durine the course of our investigations on tetrahydrocarbazok 
and its derivatives (T., 1921, 119, 1825; this vol., p. 676), several 
novel and unexpected changes have been brought to light, the 


nature of which, in some cases, is still obscure. dihy 
In particular, the additive compounds formed when acetyl- and Th 
benzoyl-tetrahydrocarbazole are treated with nitric acid, discussed § of t 
in the second paper, are of so unusual a kind that it seemed desirable J whic 
to find out whether other substances resembling tetrahydrocarbazole § nitri 
in type are capable of undergoing changes of a similar nature. give 
Although the conversion of the phenylhydrazone of cyclohexanone J but 
into tetrahydrocarbazole (Baeyer, Annalen, 1893, 278, 106) has T 
long been known, it seems remarkable that this interesting develop- J com 
ment of the Fischer indole synthesis does not so far appear to § (V) 
have been generally investigated in the case of cyclic ketones. 
Thus, for example, no experiments are recorded having for their } 
object the conversion of cyclopentanone into dihydropentindole (I) * ( 


according to the scheme : f 


gf es H,—-CH, Ys adhe H ig, BS CH 

Cy = 100. a a a 

ee yo ge NAN Oe 
CH, NH CH, MeN CH, 


(L.) (II.) 


* The scheme of numbering the carbon atoms in pentindole adopted in 
this communication is the following : 


t+ Compare, however, the condensation of cyclopentanone with pp’-di- 
hydrazinodiphenylmethane (Borsche and Kienitz, Ber., 1910, 48, 2337). 
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This may be due to the fact that the above change does not take 
place with such facility as in the formation of tetrahydrocarbazole 
from the phenylhydrazone of cyclohexanone. A series of com- 
| parative experiments has shown, however, that a yield of dihydro- 
'pentindole of as much as 45 per cent. of that theoretically possible 
may be obtained when quite dilute sulphuric acid is used as the 
condensing agent, whereas, when stronger acid or hydrochloric or 
acetic acid is employed, considerable hydrolysis of the hydrazone 
may take place and there is a tendency to the formation of much 
tar. It has frequently been observed that the Fischer indole 
synthesis takes place with much greater facility in the case of the 
as-methylphenylhydrazones than in that of the unsubstituted 
phenylhydrazones, and it is interesting that this experience extends 
also to the dihydropentindole synthesis. Experiment has shown 
that the condensation of the methylphenylhydrazone of cyclo- 
pentanone to 8-methyldihydropentindole (II) proceeds much more 
| smoothly than that of the phenylhydrazone of cyclopentanone to 
dihydropentindole. 

The main interest attaching to our investigation of the derivatives 
of tetrahydrocarbazole is connected with the remarkable changes 
which take place when the 9-acyl derivatives are treated with 
nitric acid. In these circumstances, 9-acetyltetrahydrocarbazole 
gives rise, not only to 5-nitro-9-acetyltetrahydrocarbazole (IIT), 
but also to 9-acetyl-10 : 11-dihydroxyhexahydrocarbazole (IV). 

The most remarkable property of the latter substance is its 
conversion into the acetyl derivative of y-indoxylspirocyclopentane 
(V) on treatment with acetic anhydride. 


reir NO H H CO ‘ 
“ce ‘i | Sais ae oi fe 

AZ NAA A ree = 
H, AN H, AcN H, NAc tate 
, (III.) (IV.) (V.) 


9-Benzoyltetrahydrocarbazole is also converted by the action 
of nitric acid into the 5-nitro-derivative, but the main product of 
the interaction is 11-nitro-9-benzoyl-10-hydroxyhexahydrocarbazole 
(VI), a substance produced by the addition of nitric acid to the 
unsaturated section of the molecule. 

The interesting changes which this substance undergoes on 
treatment with alkalis are fully discussed in the previous com- 
munication (this vol., p. 678). It was clearly of interest to investig- 
ate the action in similar circumstances of nitric acid on acetyl- 


and benzoyl-dihydropentindole. 8-Acetyldihydropentindole (VII), 
5 P* 2 
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readily obtained from the parent substance by boiling with aceti; 
anhydride, melts at 117° and is converted by nitric acid at 45° jy 
the presence of a large excess of acetic acid into a nitro-derivatiy, 
(m. p. 195°), which is probably 4-nitro-8-acetyldihydropentindo 
(VIII). 


Hy 
ZN HOW 
(VI.) Wai | J Se? (vit 
yw ie 
BzN H, AcN 2 
(VIII) \-7 as sp He ax) 
YF a es eee ae 
AcN GH, AcN GH, 


On the other hand, if the interaction is carried out at a higher 
temperature and in the presence of only a small quantity of acetic 
acid, three substances are produced, (i) the nitro-derivative of 
melting point 195°, (ii) an isomeric nitro-derivative melting at 
154°, and (iii) a substance melting at 187° which is formed by the 
addition of nitric acid to the unsaturated portion of the dihydr. 
pentindole molecule and is evidently 10-nitro-8-acetyl-9-hydroxy. 
tetrahydropentindole (IX). 

It is evident, therefore, that the action of nitric acid on 8-acetyl- 
dihydropentindole differs from the action of nitric acid on 9-acetyl- 
tetrahydrocarbazole and follows a course very similar to that 
observed in the case of the action of nitric acid on 9-benzoyltetra- 
hydrocarbazole. 


The investigation of this matter is being continued in various 
directions. 


EXPERIMENTAL. 
Dihydropentindole (I). 

When cyclopentanone (16 grams) and phenylhydrazine (20 grams) 
are mixed, the formation of cyclopentanonephenylhydrazone 
proceeds with the evolution of a considerable amount of heat. 
The reaction is completed by warming for a few minutes on the 
steam-bath, when, on cooling, the syrup solidifies. The crude 
product may then be recrystallised from light petroleum (pb. Pp. 
60—80°), from which the hydrazone separates in long, colourless 
prisms which melt at 55° and, on keeping, gradually decompose. 

For the preparation of dihydropentindole, it is not necessary 0 
purify the crude hydrazone. The crude hydrazone is mixed with 
water (360 c.c.) and sulphuric acid (20 c.c.) and heated on the 


steam 
dihyd 
The | 
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seam-bath for half an hour with frequent shaking, during which 
dikydropentindole separates as a red syrup and solidifies on cooling. 
The red solid is extracted with light petroleum (b. p. 60—80°), 
fom which the substance crystallises, on cooling, in colourless 
prisms which melt at 108° and gradually turn pink on keeping 
(Found: C=840; H=7-1. (©,,H,,N requires C = 84-1; 
H=7-0 per cent.). The yield is about 45 per cent. of that 
theoretically possible, but pure materials must be used, otherwise 
the yield is considerably diminished. 

The picrate separates, when dihydropentindole (1-6 grams) and 
picric acid (2-3 grams) are dissolved in hot alcohol, in dark red 
needles melting at 160°. 

8-Methyldihydropentindole (II).—In_ preparing this methyl 
derivative, cyclopentanone (5 grams) and as-methylphenylhydrazine 
(6:5 grams) were mixed, but no vigorous reaction took place. The 
mixture was heated on the steam-bath for twenty minutes and the 
syrupy hydrazone mixed with water (90 c.c.) and sulphuric acid 
(16 c.c.); the clear solution became cloudy on warming. On 
gradually heating to boiling, an almost colourless syrup separated 
which solidified on cooling and, on crystallising from alcohol, 
8-methyldihydropentindole separated in pink plates melting at 43° 
(Found: N = 8-2. C,,H,,N requires N = 8-2 per cent.). The 
yield was very good. The conversion of the hydrazone into 
8-methyldihydropentindole can also conveniently be brought about 
by warming with glacial acetic acid for half an hour on the steam- 
bath. After cooling, the solution is mixed with much water, when 
a syrup separates which solidifies to a pink solid and melts at 42° 
without further purification. The picrate separates, when 8-methy]l- 
dihydropentindole (1-7 grams) and picric acid (2-3 grams) are 
mixed in hot alcoholic solution, in very dark red needles melting 
at 128°. 

8-Acetyldihydropentindole (VII).— This derivative is readily 
obtained when dihydropentindole (20 grams) is boiled with acetic 
anhydride (70 c.c.) for seven hours and, on cooling, the acetyl 
derivative separates in colourless needles which are collected and 
washed with a little alcohol. The yield is good and the substance 
practically pure, since it melts at 117°; it may be recrystallised 
from alcohol, from which it separates in long, silky needles having 
the same melting point (Found: N=7-1. C,;H,,ON requires 
N=7-0 per cent.). On heating with aqueous-alcoholic potassium 
hydroxide for fifteen minutes and then diluting with water, dihydro- 
pentindole separates. 
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Action of Nitric Acid on 8-Acetyldihydropentindole. 


As explained in the introduction to this paper, the course of this 
interaction depends on the amount of acetic acid used as a solvent 
and on the temperature. In the first experiment, the acety] 
derivative (4 grams), dissolved in glacial acetic acid (60 c.c.), was 
warmed at 45° and then nitric acid (2 grams of d 1-4), dissolved 
in a little acetic acid, added. The temperature rose to 52° and, 
on cooling, a substance crystallising in bright yellow prisms (0-7 
gram) separated. This substance melts at 195° and is prob. 
ably 4-nitro-8-acetyldihydropentindole (VIII) (Found: N = 11-4, 
C,,H,,0,N, requires N = 11-5 per cent.). 

When the nitration was carried out in a much smaller quantity 
of solvent and at a somewhat higher temperature, three products 
separated. 

8-Acetyldihydropentindole (6 grams), dissolved in glacial acetic 
acid (15 ¢.c.) at 75°, was treated with nitric acid (3 grams of d 1-4), 
dissolved in acetic acid (3 c.c.), when a vigorous reaction took place 
and the temperature rose to 105°. On cooling, pale yellow prisms 
separated and after some time, usually about two hours, a second 
substance began to crystallise. The solution was rapidly filtered 
at this point and the filtrate left to deposit the second substance. 
The first compound was recrystallised from alcohol, from which it 
separated in almost colourless prisms melting at 187° with decom- 
position. Analysis showed that this substance had been produced 
by the addition of nitric acid to dihydropentindole and it is evi- 
dently 10-nitro-8-acetyl-9-hydroxytetrahydropentindole (IX) (Found: 
C= 59:6; H=55; N=10-7. C,,H,,0,N, requires C = 59:5; 
H = 5:3; N = 10-7 per cent.). 

The second derivative, which separated from the acetic acid on 
standing, was recrystallised from alcohol and obtained in long, 
yellow plates melting at 195°. It was shown by a mixed melting 
point determination to be identical with the nitro-8-acetyldihydro- 
pentindole described above. In some experiments, these two 
substances separated together from the acetic acid solution. It was 
then possible to obtain a fairly good separation by fractional 
crystallisation from alcohol, from which the substance of melting 
point 195° crystallised first, leaving the other in supersaturated 
solution. When the acetic acid mother-liquor of the substance 
of m. p. 195° was kept for some days, another nitro-derivative of 
8-acetyldihydropentindole separated which crystallised from 
alcohol in yellow needles melting at 154° (Found: N = 124. 
C,3H,,0,N, requires N = 11-5 per cent.). 

Experiments are in progress which it is hoped will establish the 
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constitutional formule of these two nitro-derivatives, and we are 
engaged in a detailed investigation of the products formed by the 
action of nitric acid on 8-acetyl- and 8-benzoyl-dihydropentindole. 


' this 

| 
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CCCLXXXV.—WNitration of p-Dichlorobenzene. 


By HaroLtp JAMES Pace and BrnJAMIN RicHARD HEASMAN. 


TuE nitration of p-dichlorobenzene was first studied by Jung- 
fleisch (Ann. Chim. Phys., 1868, [iv], 15, 257), who showed that 
by the prolonged action, at the boiling point, of a mixture of 
fuming nitric and concentrated sulphuric acids the mononitro- 
compound first formed was converted into a mixture of dinitro- 
compounds, These he separated partially by fractional crystallis- 
ation from alcohol. Engelhardt and Latschinoff (Jahresbericht, 
1870, 521) isolated two dinitrodichlorobenzenes in a state of purity 
from the nitration product. They showed that the less soluble («) 
isomeride (m. p. 104°) was 1 : 4-dichloro-2 : 6-dinitrobenzene; to 
the more soluble (8) isomeride (m. p. 101°) was assigned the con- 
stitution of 1 : 4-dichloro-2 : 5-dinitrobenzene. Korner (Jahresb- 
ericht, 1875, 324) confirmed these results and gave the melting 
points of the «- and $-isomerides as 104-9° and 101-3°, respectively. 

Considerably later, Morgan (T., 1902, 81, 1362) studied the same 
nitration and found that the mononitro-compound was formed 
quite readily; he stated, however, that the introduction of the 
second nitro-group ‘is far less readily effected” and that it is 
necessary to use a mixture of 10—15 per cent. oleum and an excess 
of fuming nitric acid at 110—115° in order to effect the further 
nitration. He did not attempt to purify the crude nitration pro- 
duct so obtained. Hartley and Cohen (T., 1904, 85, 868), working 
under the same conditions as Morgan, found that the separation of 
the two isomerides by fractional crystallisation from alcohol was 
difficult, and useless as a quantitative method of separation. They 
estimated the relative proportions of the two isomerides in the 
crude nitration product by reduction to diamines and separation 
of the latter, and concluded that the 2 : 6-dinitro-compound and 
the other isomerides were formed in the proportion of roughly 7 : 1. 
As explained below, the authors find that these conclusions are 
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incorrect in so far as it is possible under suitable conditions to obtain 
a good yield (83 per cent.) of dinitration product containing almost 
equal proportions of the two isomerides. These conclusions are 
confirmed by the work of Sané (Inaug. Diss., ‘‘ Untersuchungen 
iiber Nitrophenole,” Berlin, 1910), of which the authors were 
unaware until the completion of their work.* Not long after the 
completion of this work, an investigation on the dinitro-derivatives 
of p-dichlorobenzene was published by Nason (J. Amer. Chem. Soc., 
1918, 40, 1602). This author nitrated p-dichlorobenzene under the 
conditions used by Rutgers (Inaug. Diss., Bale, 1893), involving a 
long nitration in the presence of a large excess of nitric acid, and 
claimed to have shown that all three possible dinitro-compounds 
were produced, the chief product being a hitherto unnoticed substance 
melting at 81° which she claimed to be 1 : 4-dichloro-2 : 5-dinitro. 
benzene. This constitution had hitherto been assigned to the 
isomeride melting at 101°, but Nason concluded that the constitu. 
tion of the latter substance was fixed by implication as 1 : 4-dichloro- 
2 : 3-dinitrobenzene. 

The latter conclusion is supported by the subsequent work of 
Holleman and Hollander (Rec. trav. chim., 1920, 39, 435) and 
of Holleman, Hollander, and van Haeften (ibid., 1921, 40, 323), 
who showed that all three possible isomerides are present in the 
nitration product prepared by Jungfleisch’s method (loc. cit.) and 
that the melting point of 1 : 4-dichloro-2 : 3-dinitrobenzene (syn- 
thesised by an alternative method) is 103°, this substance being 
identical with Jungfleisch’s 8-isomeride. The assignment by Engel- 
hardt and Latschinoff (loc. cit.) of the constitution of 1 : 4-dichloro- 
2: 5-dinitrobenzene to this substance was thus erroneous. Holle- 
man and Hollander (loc. cit.) synthesised the isomeride with the 
latter constitution, and found that it had a melting point of 119°. 
Nason (loc. cit.) claimed that this isomeride was the chief con- 
stituent of the dinitration product, but as the substance she isolated 
had a melting point of only 81°, Holleman and Hollander’s con- 
clusion that this product was impure would seem to be justified.} 

1t would appear from the authors’ results that the great pre- 
ponderance of the 2 : 6-dinitro-compound in the nitration product, 
observed by all the earlier workers on the subject, is to be explained 
by the relatively drastic conditions employed by these workers in 


* This investigation was carried out during the earlier part of 1917, but 
owing to circumstances it could not be published before. 

+ Holleman and Hollander’s conclusion is confirmed by the recent work of 
Macleod, Pfund, and Kilpatrick (J. Amer. Chem. Soc., 1922, 44, 2260), who 
showed that Nason’s product, of melting point 81°, was a molecular compound 
of the 2: 3- and 2: 6-dinitro-compounds. 
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the nitration. The authors have found that the dinitration is by 
no means difficult to effect provided a nitration mixture of a suit- 
able composition be used, but that by employing an unnecessarily 
long time of nitration the product does indeed contain a large excess 
of the 2 : 6-isomeride, owing apparently to the fact that the other 
jsomerides undergo some secondary reaction, probably oxidation, 
more readily than the 2: 6-compound, and therefore a relatively 
large quantity of them is destroyed during a protracted nitration. 


0C., 

the | Increase of temperature has been found to have much greater effect 
ga — on the rate of nitration than on this secondary reaction. The 
we Fig. 1, 
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Influence of Temperature of Nitration on the Setting Point of the Product 
(Experiments E and L). 
The temperature during each stage of the nitration is shown against the part of 
the graph referring to that stage. 
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Acid setting point. 


Time, hours. 


conditions of dinitration worked out by the authors involve the 
maintenance of the nitration mixture at a temperature not exceed- 
ing 85° for one hour, by which time the initial reaction has 
moderated, followed by a rapid increase to 120°, which is main- 
tained for a further half hour. The results of the experiments on 
which the authors’ conclusions and final method are based are given 
in Table 11. A preliminary small-scale experiment, using mixed 
acid of 5 per cent. water content, having given incomplete dinitr- 
ation, experiments A and B were designed to find out whether a 
more complete nitration could be effected by using a mixed acid of 
lower water content; they showed that this was not the case. In 
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experiments B, C, and D, the proportion of nitric acid was varied: 
they showed that it was necessary to employ 2-5 mols. of nitric 
acid to 1 mol. of mononitro-compound in order to obtain a product 
of high setting point. In experiments E and F, the factors of time 
and temperature were varied within the widest possible limits. 
the results throw considerable light on the course of the reaction, 

If the temperature coefficient of the nitration were markedly 
less than that of the secondary reaction, experiment E, which was 
a protracted one at a low temperature, should have given the better 


Fic. 2. 


Content of Nitric and Nitrous Acids in the Nitrating Acid at Various Times 
during the Nitration. 
20 
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result. On the other hand, if the nitration were more accelerated 
than the other reaction by increase of temperature, experiment F, 
which was of short duration and in which the temperature was very 
rapidly raised, should have given the better result. It will be seen 
that the product from experiment F was of much higher setting 
point. The contrast between these two experiments is strikingly 
shown in Fig. 1, where the alterations in the setting point of the 
product are plotted against time for experiments E and L (the 
latter a still better example of a nitration under the same conditions 
of those of F). The remaining experiments G to I were devoted to 
a more detailed study of the effect of slight variations in the con- 
ditions from those used in experiment F, and the method finally 
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adopted was based on the results of these experiments. In experi- 
ment H, samples of acid were taken at the end of stages 1B, 2A, 
and 2B, and Fig. 2 shows the rate of consumption of nitric acid and 
of production of nitrous acid as determined by the analyses of these 
samples. It was thought that under the improved conditions of 
experiment F as compared with experiment C it might still be 
possible to obtain a product of good setting point with less than 
25 mols. of nitric acid, but it is seen from experiment K that this 
was not the case; although only 2 mols. of nitric acid were used 
at the outset, it was found necessary to add a further 0-5 mol. of 
nitric acid at the end of stage II in order to bring up the setting 
int. 

It may be pointed out that as an indication of the degree of 
completeness of the nitration the percentage yield is of little value 
taken by itself, for the increase in weight caused by the further 
nitration of a partly nitrated product may be equalled or even 
exceeded by the loss due to simultaneous oxidation. This is illus- 
trated by a comparison of experiments B and L, where the per- 
centage yields are almost identical whereas the setting points differ 
by almost 20°. 

With regard to the composition of the crude nitration product, 
the authors obtained by the method of separation described below 
only the 2 : 6- and 2 : 3-isomerides in a state of purity, and since the 
quantities of these obtained accounted for almost the whole of the 
product, the quantity if any of the 2 : 5-isomeride produced by the 
authors’ method of nitration must have been very small. 

Of the three possible isomerides only one, namely, the 2: 6- 
dinitro-compound, has a labile chlorine atom. The amount of this 
constituent can accordingly be estimated by treatment of the crude 
nitration product with alcoholic ammonia in the cold for one or two 
days and titration of the ammonium chloride produced. An estim- 
ation by this method gave a value of 41-5 for the percentage of the 
2 : 6-dinitro-compound. 

Another method of studying the composition of the mixture is 
by thermal analysis. The fusion curve of a binary mixture of the 
pure 2: 3- and 2: 6-dinitro-compounds constructed from the data 
in Table I is of the usual shape. The eutectic mixture contains 


TaBLeE I. 
Freezing Points of Mixtures of 2 : 6-Dinitro- and 2 : 3-Dinttro- 
p-dichlorobenzene. 
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40 per cent. of 2 : 6-dinitro-p-dichlorobenzene and freezes at 71-6°. 
As the top setting point of the crude nitration product, 69-5°, is 
only slightly inferior to the freezing point of the eutectic mixture, 
and as the percentage of the 2 : 6-dinitro-compound in the nitration 
mixture as determined by the method described above, namely, 
41-5 per cent., is only slightly higher than that of the same com. 
pound in the eutectic, it would appear probable that the percentage 
of substances other than the 2 : 3- and 2 : 6-dinitro-compounds in the 
mixture is small. 

The agreement between the authors’ figure for the amount of 
2 : 6-isomeride and that found by Sané (loc. cit.), namely 48-6 per 
cent., is tolerably satisfactory when it is remembered that Sané’s 
method, which was to weigh the crude product of the action of 
aniline on the nitration product, would probably be liable to give 
high results. 

EXPERIMENTAL. 

1. Nitration of p-Dichlorobenzene. 1 : 4-Dichloro-2-nitrobenzene.— 
In conformity with the results of earlier investigators, no difficulty 
was experienced in effecting this nitration. Nitrating acid of the 
following composition : H,SO, 58, HNO, 36, H,O 6 per cent. was 
used. To a quantity of this acid containing only a slight excess of 
nitric acid beyond that theoretically required, p-dichlorobenzene 
was added gradually, the whole being stirred continuously; the 
rate of addition was so regulated that the temperature did not exceed 
70°. When the whole of the charge had been added, the mixture 
was heated at 100° for fifteen to thirty minutes. The nitration 
product was then separated and adhering acid removed by passing 
steam into the molten substance, beneath water. The crude, 
washed product so obtained had a setting point of 52° and was 
practically pure 1 : 4-dichloro-2-nitrobenzene (the melting point 
of the pure substance is 54-5°). 

2. Experiments on the Nitration of 1 : 4-Dichloro-2-nitrobenzene.— 
Twelve separate nitrations of this substance were carried out in 
which the influence of composition of nitrating acid and of the time 
and temperature of the nitration were studied. Particulars of the 
experiment are shown in Table II. The crude mononitro-compound 
obtained as above was used throughout; the nitrations were all 
carried out in a small iron nitrating pot with a working capacity 
of 14 litres, provided with mechanical stirring and jacketed so that it 
could be heated with high-pressure steam or cooled with water. The 
results of these experiments have been discussed on pp. 3249—3251. 

3. Method finally adopted for the Nitration of i : 4-Dichloro-2- 
nitrobenzene.—Nineteen hundred grams of nitrating acid of the 
following composition : H,SO, 78-5, HNO, 16-7, H,O 5:1 per cent. 


TaBLE II. 
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(obtained by mixing 96 per cent. sulphuric acid and 90 per cent. 
nitric acid in the proportions of 2,400 c.c. to 665 c.c.) were placed 
in the nitrating pot and heated at 60°. Four hundred grams of 
crude 1 ; 4-dichloro-2-nitrobenzene were added gradually in the 
course of twenty minutes, with constant stirring, the temperature 
being kept below 75° by water cooling. The mixture was then 
heated at 75—-85° for forty minutes, after which the temperature 
was raised to 120° in fifteen minutes and this temperature main- 
tained for a further eighty minutes. A sample of the crude, washed 
product showed a setting point of 65°. The temperature was allowed 
to fall to 80°, after which 275 c.c. of water were slowly run in with 
stirring as before, the temperature being allowed to rise to 90°, 
The mixture was allowed to settle and the molten nitration product 
separated and washed by covering it with boiling water and blowing 
steam through it until the wash waters were no longer acid. It 
was then allowed to solidify, and the solid cake wiped dry from 
adhering moisture and dried in the molten state at 100° for a few 
hours. The setting point of the product was 69-5° and the yield 
was 83 per cent. of the theoretical. 

4. Description of the Crude Nitration Product—The product 
obtained as above is a practically white solid of very hard con- 
sistency. The vapours produced by the molten substance are 
extremely irritating to the eyes, nose, and throat. An irritating 
rash is liable to develop if the solid substance or its solution or 
vapour come into contact with the skin. The density of the fused 
solid is d31-72. When the fused substance is slowly cooled, the 
liquid clouds at 69-6° and finally gives a setting point of 69-5°. 

5. Separation and Purification of 1: 3-Dichloro-2 : 6-dinitro- 
benzene and 1 : 4-Dichloro-2 : 3-dinitrobenzene.—The separation and 
isolation in a state of purity of the two isomeric dinitro-compounds 
at first presented some difficulties. As already noted by Hartley 
and Cohen (loc. cit.), the difference in the solubilities of the two 
isomerides in alcohol was so small that their separation by frac- 
tional crystallisation from this solvent was a very tedious and 
protracted operation. A method whereby the separation could be 
rapidly and conveniently effected was found in the fractional pre- 
cipitation of the two isomerides from their benzene solution by 
means of light petroleum. The crude nitration product was dis- 
solved in benzene to form a concentrated solution. Sufficient light 
petroleum was added to precipitate about half of the dissolved 
substance, which was filtered off. The material in the mother- 
liquor was recovered. Each of the two fractions was then separately 
dissolved in benzene and precipitated with light petroleum as before. 
The mother-liquor from the treatment of the less soluble fraction 
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was evaporated and the residue added to the precipitate from the 
treatment of the more soluble portion. This process was continued 
S of two or three times until the products consisted of a less soluble and 5 


the a more soluble fraction, the melting points of each of which were j 
ture over 95°, together with a small quantity of residues in the mother- 
hen liquors. These two fractions were then separately recrystallised 
ure from carbon tetrachloride. The purified product obtained from the 
vin. less soluble fraction had a constant melting point of 105—106° and 
hed was thus 1 : 4-dichloro-2 : 6-dinitrobenzene, whilst similar recrystal- 
ved lisation of the other fraction readily gave a product with a constant 
ith melting point of 101—102°. These values are in good agreement 
0°, with those found by Engelhardt and Latschinoff (loc. cit.), Hartley 
ict and Cohen (loc. cit.), and Holleman and Hollander (loc. cit.). These 
ng pure substances were isolated in practically equal quantities and the 
It amount of material remaining in the mother-liquors after as much 
ym as possible of the two isomerides had been separated in a state of 
W purity was very small. This residual material was not specially 
ld examined for the presence of 1 : 4-dichloro-2 - 5-dinitrobenzene, but 

if this substance were present it must have been in considerably 
ct smaller quantity than the other isomerides. It may also be noted 
n- that the 2 : 6-isomeride is more volatile than the 2 : 3- and that if 
re the crude substance is kept in the molten condition for long, the 
ig loss of the 2 : 6-isomeride is sufficient to bring about appreciable 
yr changes in the composition and the setting point of the mixture. 
d This had particularly to be borne in mind in the experiments from 
e the results of which the fusion curve was constructed. 

Summary. 


The authors have studied the nitration of p-dichlorobenzene and 
have shown that when the nitration is conducted in two stages the 
1 : 4-dichloro-2-nitrobenzene first produced can after separation be 
quite readily further nitrated to give a mixture consisting almost 
entirely of 2:6- and 2: 3-dinitro-1 : 4-dichlorobenzenes in about 
| equal proportions. 
| A convenient method for the isolation of these two isomerides 
in a state of purity is descrihed. 


—= wee 


In conclusion, the authors wish to express their thanks to the 
Director of Artillery for permission to publish this work. 
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CCCLXXXVI.—The Partial Pressures of Sulphuric 
Acid over Concentrated Aqueous Solutions of the 
Acid at High Temperatures. 


By Joun Smeatu THomas and ALEXANDER GEORGE Ramsay, 


MEASUREMENTS of the total vapour pressures of solutions of sul. 
phuric acid have been made by many workers. Regnault (Ann, 
Chim. Phys., 1845, [iii], 15, 179) determined the vapour pressures 
of acids ranging in concentration from 24 to 84 per cent. over the 
temperature range 5—35°. This work was extended to more 
dilute acids by Helmholtz (Wied. Ann., 1886, 27, 532), whose measure. 
ments extended over the temperature range 0—50°. Further 
determinations were made by Sorel (Z. angew. Chem., 1889, 2, 272) 
for temperatures up to 95°, and by Dieterici (Wied. Ann., 1891, 42, 
513; 1893, 50, 47; 1897, 62, 616) at 0° for acids of widely different 
concentrations. 

All these measurements were carried out at temperatures below 
100°, and in no case did the concentration of the acid exceed 84 per 
cent. The vapour pressure measured was the total vapour pressure, 
the authors assuming that the vapour phase consisted of water only. 
The work of the present authors shows this assumption to have been 
substantially justified. Even with the delicate methods of measure- 
ment employed by them no vapour pressure due to the acid could be 
detected under these conditions. 

The same assumption was made, however, by Briggs (J. Soc. 
Chem. Ind., 1903, 22, 1275) and by Burt (T., 1904, 90, 1339) in their 
measurements of the vapour pressures of more concentrated solu- 
tions of sulphuric acid at higher temperatures. Acids of con- 
centrations up to 95 per cent. were examined, the highest temperature 
at which determinations were made being 235°. Burt does point 
out, it is true, that at the higher temperatures, and especially in 
the case of very concentrated solutions, the acid itself may exert 

an appreciable vapour pressure ; nevertheless, in his calculations, the 
vapour is assumed to consist of water only. 

The question of the loss of acid which occurs during the con- 
centration of sulphuric acid has been investigated by Webster and 
MacDonald (“ Manufacture of Acids and Alkalis,’’ Lunge and 
Cumming, vol. I, p. 212). They state that ‘‘ when precautions 
were taken to prevent acid being carried over mechanically, sulphuric 
acid could be distilled so that there was no sulphuric acid in the 
distillate from even 90 per cent. acid; only after the concentration 
of the liquid being distilled exceeded 96 per cent. did that of the 
distillate exceed 5 per cent.” 
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The experiments in this paper do not support this conclusion. 
That concentrated sulphuric acid exerts an appreciable acid partial 
ressure even at the ordinary temperature is proved by the fact 
that filter-paper when kept for several months over concentrated 
sulphuric acid in a desiccator becomes charred. In the present 
communication, it is shown that in the case of solutions of sulphuric 
acid in which the acid concentration exceeds 85 per cent., the 
partial pressure of the acid is measurable at temperatures above 
900°. No information is available regarding the magnitude of this 
pressure and therefore this investigation was undertaken with the 
primary object of obtaining accurate data concerning the acid 
partial pressures of concentrated solutions of sulphuric acid at high 
temperatures. This question has considerable interest from the 
theoretical point of view, and it is hoped that the results obtained 
may also be of value to those engaged in the sulphuric acid industry. 

As the result of preliminary experiments made with the object 
of ascertaining the most suitable means by which the small acid 
vapour pressures involved could be measured, it was decided to 
employ the dynamical method of aspirating a known volume of air 
through so large a volume of acid that the change of concentration 
produced by the removal of vapour could be neglected, the acid 
being kept throughout the determination at constant temperature. 
The acid carried over was then estimated by a method presently 
to be described, and from the data thus obtained the partial pressure 
of the acid was calculated, the formula of Foote and Scholes (J. 
Amer. Chem. Soc., 1911, 33, 1309) being used for this purpose : 


p = 760v,/(Y) + Vp); 


where v, = 22-4W/M, is the volume occupied by the sulphuric 
acid vapour alone, W being the weight of acid in the volume of air 
employed, and M its molecular weight, whilst vp, the volume of 
air used, reduced to N.7'.P., is given by the expression 


U = 2730(p, — P2)/760(T + 2), 


in which v is the unreduced volume of air and p, the barometric 
pressure, p, being the vapour tension of the water over which the 
air is collected and measured. 

This method of determining vapour pressures has been employed 
by numerous workers. Linebarger (J. Amer. Chem. Soc., 1895, 17, 
615) used it and also subjected it to a critical examination. He 
concluded that the method could be applied to mixtures of liquids 
with quite satisfactory results. The method was also employed 
by Jones, Lapworth, and Lingford (T., 1913, 103, 252) in their 
investigation of the influence of water on the partial pressures of 
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hydrogen chloride above its alcoholic solutions, and Tammany 
(Wied. Ann., 1888, 33, 322), Abegg and Riesenfeld (Z. physikal, 
Chem., 1902, 40, 84), Foote and Scholes (loc. cit.), R. Thomas 
(J. Soc. Chem. Ind., 1922, 44, 33), and many others have used jt 
with excellent results. 

The method has, however, been severely criticised, notably by 
Carveth and Fowler (J. Physical Chem., 1904, 8, 313), but Perman 
(Proc. Roy. Soc., 1904, 72, 72; J. Physical Chem., 1905, 9, 96), 
in a careful investigation of the subject, satisfactorily met the 
various objections raised by them, and there appears to be no doubt 
that, provided proper precautions are taken, this method is capable 
of yielding sufficiently accurate results. 


EXPERIMENTAL. 


The apparatus employed is depicted in Fig. 1. A current of 
air from the aspirator, A, was dried and freed from carbon dioxide 


Fia. 1. 


by passing it first over calcium chloride contained in the tower, 
B, then through the tube, C, which was about 30 inches long and 
contained soda-lime, whilst finally it was bubbled through concen- 
trated sulphuric acid in the wash-bottle, D. The dry air was then 
passed through sulphuric acid of the concentration under investi- 
gation contained in the saturators, EH and F, which were completely 
immersed in the thermostat. The saturators were of the type 
devised by Gahl (Z. physikal. Chem., 1900, 33, 178). The purified 
air entered the vessel by the small pear-shaped bulb, into which 
acid could also flow through a number of holes with which its walls 
were pierced. It then passed up the spiral tube in a series of bubbles, 
acid being carried with it. In this way, close contact between air 
and liquid was maintained for a considerable time, so that the former 
became saturated with the vapour while the acid was kept of uniform 
concentration throughout. Preliminary experiments showed that 
saturation of the air with vapour could be obtained when the rate 
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of flow of the air was as great as 1 litre per hour; in the actual 
measurements this rate never exceeded 0-5 litre per hour. 

Glass tubes terminating in capillaries were sealed to the bottoms 
of the saturators and by means of these the vessels were charged 

with acid, and samples were from time to time withdrawn for 
analysis. It was found impracticable to use glass taps on account 
of the high temperature, which caused the taps to stick. Two 
saturators were used, each containing about 120 c.c. of acid. The 
contents were analysed before and after each experiment. In 
some cases, the strength of the acid in the first vessel was found 
to diminish slightly, but no variation in the concentration of the 
acid could be detected in the second vessel. 

In order to prevent acid from being carried over with the air 
in the form of mist, the air was passed through a tube, G, packed 
with glass wool, before being led through the water in which the acid 
vapour was absorbed and estimated. To guard against the possi- 
bility of adsorption of acid on the glass wool, the first litre of air 
passed through the saturators was rejected. This was found to 
allow sufficient time for the vapour to come into equilibrium with 
the glass-wool. The acid which collected in this tube was removed 
after each experiment by heating the tube strongly; this was 
necessary because this acid was, in general, different in concentration 
from the acid in the saturators. 

The removal of the acid vapour from the air was effected by passing 
the latter through conductivity water contained in a vessel, H, 
similar to the saturators already described. The tube leading from 
the vessels in the thermostat to this absorbing vessel was heated 
electrically in order that premature deposition of the acid as the 
air cooled should not occur. One such vessel containing about 
100 c.c. of water was found to be sufficient for the complete removal 
of the acid. After the acid vapour had been absorbed, the air was 
collected by displacement of water in a vessel, J, the volume of 
which had previously been accurately determined. In this way, 
the volume of air passed through the saturators was found. 

The temperatures at which measurements of the partial pressure 
were required ranged from 140° to 260°, and therefore a thermostat 
had to be constructed large enough to contain the saturators and 
capable of maintaining any desired constant temperature within the 
range mentioned. In the earlier experiments, an electrically heated 
oil-bath was used. This sufficed for the maintenance of tempera- 
atures up to 220°, but it was ultimately discarded for several reasons. 
In the first place, it was desirable that determinations should be made 
at higher temperatures. Then it was found difficult to keep the 
temperature constant, as, probably on account of partial “ crack- 
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ing” of the oil used in the temperature regulator, this instrument 
was quite untrustworthy. Moreover, occasional breakages were 
unavoidable, and much loss and delay resulted when such breakages 
occurred and heated oil became mixed with the hot concentrated 
acid. 

It thus became necessary to construct a thermostat of a different 
type, and, finally, an electrically heated air-bath was decided upon, 
This consisted of an inner copper vessel, 22 inches long, 15 inches 
high, and 15 inches deep, enclosed in a shell of asbestos slate. The 
space separating the inner and outer vessels, about 2 inches in depth, 
was packed with asbestos wool, and this insulating material was 
also packed between the walls of the double-walled doors with which 
the front of the oven was closed. 

The inner shell of the thermostat was covered with asbestos 
paper, on which four separate and complete circuits of nichrome 
wire were wound. Any or all of these circuits could be used, 
according to the temperature desired, so that when lower temper. 
atures were required a much smaller external resistance was sufficient 
to regulate the current strength and power was thus economised. 
This method of winding was preferable to winding in separate 
sections in series, since unequal heating was avoided. Each of the 
four circuits carried a current of 3 amperes when connected with the 
mains at 230 volts, and any desired temperature up to 350° could be 
obtained. At the outset the temperature was regulated by means 
of a mercury regulator, but this was found to be unnecessary. The 
current was found to be sufficiently steady to allow of the regulator 
being removed, and once thermal equilibrium was established, 
usually in the course of two or three hours, the temperature variation 
never exceeded + 0-25°. 

At each end of the bath, holes were made through which the 
tubes connecting the vessels inside the bath with the rest of the 
apparatus passed, whilst in the top two similar holes were provided 
to carry thermometers. The interior of the thermostat was easily 
accessible, so that repairs and replacements could be quickly effected. 
The loss of heat was surprisingly small; in the course of experiments 
at the highest temperatures employed, the temperature of the outer 
walls did not rise above 50°. This thermostat gave every satis- 
faction and it was used in the majority of the measurements recorded 
in this communication. 

In order to estimate the amount of sulphuric acid vapour removed 
by the air, the acid was absorbed, as has already been mentioned, 
in carefully purified water, the specific conductivity of which was 
never greater than 0-000003 mho and therefore, except in the case 
of the most dilute solutions, could safely be neglected. The result- 
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iment 

were 
kages 
rated 


ing acid solution was washed into a measuring flask and made up to 
a known volume, usually 250 c.c. 

The concentration of the acid in these solutions was far too small 
to be estimated by the usual methods. The turbidity produced 
by the addition of barium chloride could only be seen in long columns 
of the liquid. The specific conductivity of these very dilute solu- 
| tions was therefore determined. The cell employed, which was 
immersed in a thermostat at 25° + 0-25°, was of well-seasoned 
' glass, and the electrodes, circular in shape and 1 cm. apart, were 
| slightly coated with platinum black. The cell constant was found 

to vary to a small extent, probably because of some slight dis- 
turbance of the electrodes, and therefore it was determined at 
' frequent intervals. The null point was obtained by the use of a 
high-resistance telephone and the apparatus was found to be sensi- 
| tive to 0-5 mm. on the bridge. 

Fortunately, in the case of sulphuric acid, the relationship between 
the specific conductivity and the concentration is known with great 
} accuracy. Whetham (Proc. Roy. Soc., 1905, '76, [A], 580) has deter- 
mined the specific conductivities of sulphuric acid solutions for 
concentrations lying between 0-0018N and 0-000024N with extreme 
accuracy and values of this constant for solutions the normality 
| of which lay between 0-01 and 0-002 were taken from the Smith- 
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ns | sonian Tables (1920, p. 346). In both cases, the values given refer 
“he to a temperature of 18°. They were corrected for 25°, the temper- 
ature coefficient being 0-0125 for concentrations down 0-01N and 
tor ian ti : : 
d 00159 in the case of more dilute solutions. 
* From these data a graph was constructed, and from this the 
concentration corresponding to the observed specific conductivity 
” wasread. In the case of the most dilute solutions the conductivity 
h of the water was subtracted from the observed conductivity of the 
r solution. 
This method of estimation is naturally of no value if reduction 
4 of the acid takes place either by traces of organic matter or from 
any other cause and determinations in which any trace of charring 
was observed were invariably rejected. In addition, after the 
: conductivity had been. determined, sulphur dioxide and other 
q volatile substances were expelled from the liquid by boiling and the 
: conductivity was then re-determined. As a rule, a slight increase 
J in the conductivity was observed ; if, on the other hand, it was found 


to decrease, indicating that slight reduction of the acid had occurred, 
the experiment was rejected. 

The sulphuric acid used in the investigation was the purest 
redistilled acid obtainable. It was free from compounds of 
nitrogen, and was found to contain 97-58 per cent. of H,SO,. Acids 
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of lower concentration were prepared from it by diluting it with 
distilled water, whilst more concentrated acids were prepared by the 
addition to it of sulphur trioxide, prepared by the distillation of 
fuming sulphuric acid. The sulphur trioxide was prepared separ. 
ately and added to the concentrated acid, instead of distilling it 
directly into the acid, because, when the latter course was followed, 
traces of sulphur dioxide were formed which dissolved in the acid 
and thus vitiated the results subsequently obtained. 

The concentrations of the acid solutions were estimated gravi. 
metrically in the usual way. It was found impossible to obtain 
consistent results by volumetric methods, but a constant check was 
kept on the analyses by means of the specific gravity balance. 


The Variation of the Acid Partial Pressure with the Temperature, 


The concentrations of the acids investigated lay between 86-76 
per cent. of H,SO, and 99-62 per cent. of H,SO,. The partial 
pressures observed are collected in Table I. 

In the case of the more dilute acids, measurements could only 
be made over a small range of temperature, for, in the first place, 
they have comparatively low boiling points, whilst, at temperatures 
below 200°, the acid partial pressures were so small that they could 
not be determined with accuracy. 

TABLE I. 

Series A. Series B. Series C. Series D 
86-76% H,SO,, 91-43% H,80,, 97-58% H,SO,, 99-62% H,SO,, 
d 1-7920. ° d 1-8520. d 1-8424, d 1-8391. 

Press. Press. 

Temp. (mm. of Hg.). Temp. (mm. of Hg.). Temp. Press. Temp. Press. 
182° — 160° — 140° 0-226 140° 0-325 
202 — 182 0-130 160 0-402 160 0-444 
210 0-178 215 0-331 178 0-480 180 0-912 
216 0-314 232 1-37 190 1-505 190 2-49 
218 0-325 245 3-02 200 2-668 200 3°57 
225 0-553 252 6-38 214 4-120 218 6-65 

220 5-608 231 9-69 
232 6-789 | 250 19:80 
252 14-95 259 29-12 
261 22-38 —_— — 


On plotting the observed partial pressures against temperature, 
the curves reproduced in Fig. 2 were obtained. In these curves, 
three different pressure scales have been employed, so that they 
are not directly comparable. The scales have been indicated on 
the diagram. This procedure was necessary on account of the low 
acid partial pressures of the dilute acids. In the construction of 
the curves relating to the two most concentrated acids investigated, 
the same pressure scale has been used and the similarity of the 
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curves to one another is readily seen. In every case, the relation 
between the partial pressure and the temperature is almost linear 
at low temperatures, but with increasing temperature dp/dt, the 
rate of increase of the partial pressure, also becomes greater. 
Various empirical expressions have been suggested for the 
relationship between the temperature and the ‘partial pressures 
of the components of liquid mixtures. Perman (T., 1903, 88, 1168) 


N 
N 


= we en a 


55 4 —— 5 
2mm. pressure, and in the case of 86-16% acid, 0-1 mm. 


140 160 180 200 220 240 
Temperature. 


found that for solutions of ammonia in water this relationship 
can be represented with considerable accuracy by the equation 


logp=a«+P67+yT77+... ete, 


a, 8, and y being constants, the numerical values of which can be 
found by taking a series of related values of p and 7' from the 
curve and solving the simultaneous equations thus obtained. 

This equation was applied to the curves shown in Fig. 3, the 
third and following terms on the right-hand side of the expression 
being neglected. The constants obtained in the manner described 


above are as follows : 


260 
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— 6-3258, B = 0-0145. 


99-62% H,SO,: «= 
— — 7-1161, 8 =0-0158. 


a 
97-58% H,SO,: « 
91-43% H,SO,: « 
86-76% H,SO,: « 


Using these values for « and §, the partial pressures of sulphuric 
acid in solutions of the concentrations under investigation wer 
calculated for a series of temperatures from 160° to 260°. The 
results obtained are shown in Table II, the experimental value; 
taken from the smoothed curves being also given. 

In general, the agreement between the observed and the calculated 
values for the acid partial pressures is fairly good, but at temper. 
atures considerably different from those used in calculating the 
constants the difference between the observed and the calculated 
pressure becomes steadily greater. This is particularly noticeable 
in the case of the more concentrated solutions at low temperatures, 


— 15-8923, B = 0-0317. 
— 16-4089, 6 = 0-0324. 


TABLE IT. 


86-76% H,SO,. 91-43% H,SO,. 97-58% H,SO,. 99-62% H,SO0,, 


T (Abs.). p (obs.).p (cale.). p (obs.). p (cale.). p (obs.). p (eale.). p (obs. \ p (cale.), 
433° 0-006 0-0043 0-01 0:0067 0-40 0-55 0-70 0-92 
443 0-01 00-0092 0-02 0:0140 0-65 0-79 1-00 1-29 
453 0-02 0-0193 0:03 0-029 1-05 1-14 1-50 1-80 


463 0-035 0-048 0-065 0-06 1-60 1-65 2-35 2-51 
473 0-08 0-086 0-125 0-12 2-45 2°37 3°50 3°52 
483 0-185 0-182 0-25 0-26 3°55 3-41 4-90 4-92 
493 0-39 0-385 0-50 0-54 4-95 4-91 6-85 6°85 
498 0-55 0-56 0-75 0:78 5-05 5-89 8-10 8-11 
503 —_ 1-10 1-12 7-00 7-07 9-55 9-64 
513 — 2-35 2-32 9-95 10:17. 13-40 13-47 
523 — — 4°85 4-82 14-00 14-65 19-00 18-80 
528 —_ —_ 7:10 6-95 16-65 17:36 22-25 22-14 
533 _— — 20-00 21-11 26-20 25-72 


The variation of the vapour pressure with the temperature is 
also given by Rankine’s formula, 


log p = a— B/T — y/T?.. . ete., 


where, as before, «, 8, and y are constants. In this expression the 
third term may generally be neglected, and only the first two terms 
have been considered here. The applicability of the formula is 
readily tested by plotting log p against 1/7. The resulting graph 
should be a straight line. 

The log p, 1/7’ curves reproduced in Fig. 3 show quite clearly 
that, for the concentrations investigated, Rankine’s equation does 
represent the relationship between the acid partial pressure and the 
temperature with fair accuracy over a considerable range of temper- 
ature. The constants « and # were calculated in the same way as 
before, the following values being obtained : 
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99-62% H,SO,: «= 17-8315, 6B = 3595. 
97-58% H,20, : = 8-5993, 6 = 3899. 

91-43% H,SO,: « = 15°3259, ®& = 8183. 

86-76% H,SO,: « = 17-7644, 6 = 8962. 

Little importance can be attached to the curve for the 86-76 per 
cent. acid or to the lower portion of that relating to 91-43 per cent. 
H,SO,; the pressures involved are so small that very large relative 
erors may be introduced in reading them from the temperature— 
vapour pressure curves. The pronounced deviation from the 
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straight line in the case of the two more concentrated solutions at 
high temperature is, however, of interest. Rankine’s equation, 
being an approximate form of the Clapeyron equation, should be 
generally valid and an explanation must be sought for the deviation 
under discussion. Such a deviation would be produced if, at high 
temperatures, heat were absorbed by some process other than 
vaporisation, as, for example, dissociation of the acid, as a result 
of which the equilibrium 
H,SO, SO, + H,O 

is established in the vapour. 

Assuming this to be the case, the degree of dissociation may be 
calculated. Thus, the observed partial pressure (Py,so, + Pso,) 
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of 99-62 per cent. acid at 240° is 13-4 mm. The partial pressup 
calculated by means of Rankine’s formula is, however, only 12-8 mm, 
whence the degree of dissociation is 0-045. At 250°, this increases 
to 0-09, whilst at 230° it would appear that no measurable dissogj. 
ation occurs. 


The Variation of the Acid Partial Pressure with the Concentration, 


The vapour pressure-concentration isothermals are shown in 
Fig. 4. The increase of vapour pressure with increasing concen. 
tration is small in the case of solutions containing less than 92 per 
cent. of H,SO,, and the relationship appears to be approximately 
linear. In the neighbourhood of the concentration mentioned, 
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however, the curve undergoes a marked change of direction and the 
acid partial pressure then increases much more rapidly. 

Of the various formule which have been proposed to express 
the relationship between the composition of a liquid mixture and 
the partial pressures of its constituents, the best known is that of 
Duhem and Margules, 


dlogps __—« d log pz 


d log M ~d log (1—M)’ 

where 4 and pz are the partial pressures of the vapours and I 

and (1 — M) represent their molecular fractional concentrations 
in the liquid phase. 

Unfortunately, neither this expression nor that of Zawidzki 

(Z. physikal. Chem., 1900, 35, 129) can be applied to the case under 

discussion, because the partial pressures of the water vapour have 
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not yet been determined. The measurements of Briggs and of 
Burt (loc. cit.) give values for two concentrations only at the required 
temperatures and these two points are insufficient for the slopes 
of the water vapour isothermals to be found. 

Lehfeldt (Phil. Mag., 1895 [v], 40, 402) has derived an equation 
which can be applied even when the slopes of the partial pressure 
isothermals are unknown. 

pa Bt + Ares 
(Bg +A) ° 


where p is the total vapour pressure, 74 and zz the vapour pressures 
of the pure constituents of the mixture at the temperature under 
consideration, A and B their molecular weights, g the ratio of the 
masses Of the two substances in the liquid, and , is a constant. 

In order to test the applicability of this expression, 7y,s0, Was 
first of all determined for each temperature by extrapolation from 
the isothermals and, using these values, 7 was then éalculated for a 
series of mixtures. The values of r obtained in this way are not 
at all constant, but diminish steadily with increasing concentra- 
tion, and therefore Lehfeldt’s equation does not hold for concentrated 
solutions of sulphuric acid in water. This is not at all surprising. 
lehfeldt himself points out that even in water—alcohol mixtures 
water behaves in an anomalous manner. In the present instance, 
itis very improbable that the moiecular weights of the components 
are normal, and the question is further complicated by the formation 
of compounds and by the dissociation of the acid, which undoubtedly 
occurs at the highest temperatures at which observations were made. 


The Latent Heat of Vaporisation of Sulphuric Acid. 


From the variation of the vapour pressure with the temperature, 
the latent heat of vaporisation may be calculated by means of the 
Clausius-Clapeyron equation. Assuming that the vapour obeys the 
gas laws and that the specific volume of the liquid can be neglected, 
this may be written 

Mas 2 
p, dt 
\ being the latent heat of vaporisation, p, the vapour pressure of 
the solution, and M the molecular weight of the vapour. This 
expression is applicable to a constituent of a binary mixture, in 
which case p, denotes the partial pressure of that constituent. 

If it is further assumed that ’ remains constant over the small 
range of temperature 7’, — 7',, the above equation becomes on 
integration 
1,7; 


Mx = 2-303 R T,—T, 
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In calculating the latent heat of sulphuric acid by means of this 
expression, three different values of 7', and 7’, were taken in each 
case, these being 20°, 10°, and 5° above and below the temperature 
for which the calculation was being made. The values for the latent 
heat obtained in this way agreed fairly well. They are given in 
Table III. At temperatures below 200°, the partial pressures become 
so small and the relative error in reading them from the curve js 
consequently so great that calculations of the latent heat for 
temperatures lower than this can have little value. This consider. 
ation also applies to the more dilute acids at all temperatures. 


TABLE III. 
Temp. Ma(99-62% H,SO,). Ma(97-58% H,SO,). Ma(91-43% H,S0,). 
[17,530 18,210 
240° 17,970 | 18,000 is 100 }18,190 _ 
1187500 | 18,250 
16 80) 16,850 37,120 
230 {18,80 16,840 (i =" 880 36490 | 7,9 
16,710 | 38,600 
16,080 | 16,800 | 37,260 
220 J 16,550 | 16,250 16, 280 | 6,570 30,300 133,550 
16,120 16 640) 33,100 | 
16,200) 16,700 
210 {is 750 +15,930 16 240 bro, 200 - 
15,840 15,700 
16,200 16,400 
200 15,600 | 16,070 15 300 | 16,220 mp 
16,400 16,470 


The heat of vaporisation of sulphuric acid appears to increase 
with dilution of the acid, that of the water decreases. 

The variation of the latent heat with the temperature is more 
interesting. From theoretical considerations, it should diminish 
with increasing temperature until at the critical temperature its value 
becomes zero. Sulphuric acid does not behave in this way. Below 
220° the value of Md appears to be fairly constant, but from this 
point it increases slowly with increasing temperature. 

This phenomenon can only be produced, as has already been 
pointed out, by the existence of some other heat-absorbing process 
side by side with the evaporation of the liquid. The dissociation 
of the acid would be such a process. 

In the dissociation equilibrium, if P represent the observed 
partial pressure, py,so, the true partial pressure of sulphuric acid, 
and pgo, the pressure of the sulphur trioxide produced, 


P = puso, + Psos 
and 
K,=?He-Po. sw il) 
PH.SO, 
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Now if MA,= heat of vaporisation of one gram-mole of sulphuric 
acid from the liquid, MA, = heat of vaporisation of one gram-mole 
of water from the liquid, and Q, = heat absorbed when one 
gam-mole of sulphuric acid dissociates at constant pressure, 


d log puso, _ MA, d log pao _ Mrz ile dlog Ky __ Qp 


dT RT?’ aT = =— ss RT”’ dT RT? 
Now, from equation (1) 


dlog pso, "— K, , dlog PH80, d log pu,o, 


aT ler a ae 
But 
d log P mm’ dpu.so, 43 dpso, 
ar F aT ) aT 
_ Paso, 4 log Pu,so, 1 Pon d log Ps0, 
Fr aT ° aT 
_ Puso, Mr, 4 Ps0s | . ee Md, a4 te} 
 - * ma RT2 " RT® RT? 
— Ur, , Peo, Op _ Pso, Mrs 
RT? * RT? P ° RT?" 
RT? a n = Mi, +  Q,— oo M),. 
And since 
d log P 
2 — i 
RT? °F = Ma 


and pso,/P is the degree of dissociation of the acid it follows that 

MX = Heat of evaporation of one gram-molecule of sulphuric 
acid + the heat of formation of pgo,/P gram-molecules of sulphur 
trioxide — the heat of evaporation of pso,/P gram-molecules of 
water from the liquid. 

Now for 99-62 per cent. sulphuric acid at 240°, M),, the mean 
constant value in the foregoing calculation, = 16,100 cals. 

The value of Q, is obtained from the following data : 

SO, (solid) + H,O (liq.) = H,SO, (liq.) + 21,500 cals. (Thomson). 

SO, (gas) = SO, (solid) + 11,790 cals. (Berthelot). 

H,O (gas) = H,O (liq.) + 9684 cals. (Dieterici and others). 

H,SO, (liq.) = H,SO, (gas) — 16,100 cals. (from present work), 

Whence Q, = 26,600 cals. 

The value of the heat of vaporisation of water from the sulphuric 
acid was calculated from the data given by Burt (Joc. cit.) for the 
partial pressure of water over 96 per cent. sulphuric acid at 230°. 
The value of M), thus obtained is 18,000 cals. 

Using these values, 

MX = 16,100 + 0-045 x 26,600 — 0-045 x 18,000 = 16,500 cals. 
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Mx, calculated directly from the partial vapour pressure curve, 
= 18,000 cals. 

At 250°, the value calculated for M) in this way is 16,870 cals, 
as against 17,880 cals., the value obtained by the direct applica. 
tion of the Clausius-Clapeyron equation to the vapour pressure curve, 

It would seem that the abnormally high partial pressures are not 
entirely accounted for by the dissociation of the acid. It should 

' be pointed out, however, that the accuracy of the value for Mi, 
used in making this correction is extremely doubtful. Burt's 
measurements were made on 96 per cent. acid at 230° and it is 
questionable how far values based on these conditions are applicable 
to 99-62 per cent. acid at 240° and 250°. Unfortunately, however, 
no other observations are available. 


Summary. 


1. The partial pressures of sulphuric acid vapour over sulphuric 
acid—water mixtures containing from 86 to 99-6 per cent. of sulphuric 
acid have been determined at temperatures from 160° to 260°, the 
method employed being that of bubbling a slow stream of air 
through the acid, absorbing the acid vapour thus removed in con- 
ductivity water, and determining the amount of acid removed by 
measuring the conductivity of the resulting solutions. 

2. The partial pressures are represented with considerable 
accuracy, except at the highest temperatures, by the expressions 


log p = a+ 67+ yT?+4+.... ete. 
log p = «— $/T — y/T?—... . ete. 
3. An attempt has been made to apply Lehfeldt’s equation to the 
partial pressure—concentration isothermals. 
4. Dissociation of the acid is shown to occur at temperatures 
above 220°. The degree of dissociation calculated for 250° is 0-09. 
5. The latent heat of vaporisation of sulphuric acid has been 
calculated from the experimental results and an attempt made to 
account for the abnormally high values obtained at temperatures 
above 230° by the introduction of the heat effects produced by the 
dissociation of the acid. 


In conclusion, the authors desire to express their thanks to Prof. 
E. C. C. Baly, C.B.E., F.R.S., for providing the facilities for carrying 
out this work and to Mr. R. O. Griffiths, M.Sc., for much valuable 
advice during its progress. 
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(CCLX XX VII.—Studies in the Organic Polysulphides. 
Part I. The Action of Anhydrous Potassium 
Pentasulphide on some Alkyl Halides. 


By RicHARD WILuiAM Ripine and Joun SmMEATH THOMAS. 


Tur action of aqueous solutions of the polysulphides of the alkali 
metals on alkyl halides has been studied by several investigators. 
Spring and Demarteau (Bull. Soc. chim., 1889, [iii], 1, 314) obtained 
diethyl disulphide by the interaction of ethyl bromide or iodide 
with aqueous solutions of the sodium polysulphides. This reaction 
was shown by Blanksma (Rec. trav. chim., 1901, 20, 121; Proc. 
K. Akad. Wetensch. Amsterdam, 1901, 3, 81) to be a general one, 
and he obtained many disulphides of both aliphatic and aromatic 
radicles by boiling alcoholic solutions of the halogen compounds 
of these radicles with sodium sulphide. He also states that tri- 
and tetra-sulphides can be obtained in a similar manner by the 
use of so-called sodium trisulphide and sodium tetrasulphide 
respectively. 

As regards the preparation of trisulphides by this method, 
inasmuch as the existence of trisulphides of the alkali metals under 
the conditions mentioned has been shown by Thomas and Rule 
(T., 1917, 114, 1063) to be extremely improbable, the reaction 
cannot be a simple replacement as Blanksma supposed, and the 
trisulphide, if obtained at all, is probably produced by the degrada- 
tion of higher polysulphides. 

It may also be pointed out that in the investigations mentioned, 
anhydrous polysulphides were not employed and therefore, even 
although the reactions were carried out in alcohol, the polysulphides 
must have been hydrolysed to a considerable extent, so that besides 
polysulphide-ions, hydrosulphide-, hydroxyl-, and even thiosul- 
phate-ions must invariably have been present in the solution. This 
is borne out by the observation of Holmberg (Annalen, 1908, 359, 
81) that in all cases in which aqueous sodium disulphide was used 
higher polysulphides were formed, together with diethyl sulphide 
and mercaptan, in addition to diethyl disulphide. Holmberg found 
no evidence of the formation of a trisulphide, and he considered 
the higher polysulphide to be the tetrasulphide. 

The question of the formation and structure of organic poly- 
sulphides has also received considerable attention from another 
point of view. Holmberg (loc. cit.) found that mercaptans and mer- 
captides react with sulphur, forming disulphides, a reaction similar 
to that of sulphur on metallic hydrosulphides. He also observed 
that mercaptans readily react with chlorine derivatives of sulphur, 
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and he obtained various polysulphides by the interaction of they 
substances with sulphur monochloride, sulphur dichloride, thiony| 
chloride, etc. This work has been considerably extended by Smythe 
and Forster (T., 1910, 97, 1195) and by Ray and his co-worker, 
It is of interest that Holmberg failed to obtain diethyl tetrasulphid 
from ethyl mercaptan and sulphur chloride, whereas Chakravartj 
(this vol., p. 954) succeeded in preparing it by a modification of the 
method. 

Polysulphides have also been obtained by the action of sulphur 
on alkyl monosulphides (Miiller, J. pr. Chem., 1871, [ii], 4, 40: 
Klason, ibid., 1877, [ii], 15, 216), and it is stated by them and also 
by Hinsberg (Ber., 1910, 43, 1874) that higher polysulphides ar 
produced by the thermal decomposition of the disulphides in 
accordance with the typical equation 


The present authors, in an extended investigation of these con. 
pounds, have found no evidence of the occurrence of reactions of 
this type. 

Staudinger and Siegwart (Helv. Chim. Acta, 1920, 3, 824) observed 
that dithiodibenzyl trisulphide is formed by the action of thionyl 
chloride on dithiobenzoic acid. Reference may also be made 
to the work of Otto (J. pr. Chem., 1888, [ii], 37, 211) and of Troeger 
and Hornung (ibid., 1899, [ii], 60, 113), who succeeded in preparing 
certain organic tetrasulphides. Recently, again, it has been shown 
that polysulphides are produced in the synthesis of {§’-dichloro- 
diethyl sulphide from sulphur monochloride and ethylene. Thus, 
Green (J. Soc. Chem. Ind., 1919, 38, 469R) isolated {8'’-dichloro- 
diethyl disulphide. Conant, Hartshorn, and Richardson (J. Amer. 
Chem. Soc., 1920, 42, 585) obtained the pentasulphide together with 
some trisulphide, and this observation has been confirmed in respect 
of the trisulphide by Mann, Pope, and Vernon (T., 1921, 119, 634). 

The investigation of the organic polysulphides is, however, still 
far from complete ; in particular, the work of Spring and Demarteau 
and of Holmberg left our knowledge of the action of alkyl halides 
on the polysulphides of the alkali metals in a somewhat unsatis- 
factory state. The main obstacle encountered by them has, 
however, been removed by the preparation of pure and anhydrous 
di-, tetra-, and penta-sulphides of the alkali metals (Rule and Thomas, 
T., 1914, 105, 177, 2819), and therefore the present investigation 
was undertaken in the first instance with the object of preparing 
from these compounds corresponding alkyl derivatives. In the 
second place, the constitution of these compounds, and especially 
of the tetrasulphide, has given rise to considerable discussion, and 
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it was hoped that in the course of the work further evidence bearing 
on this problem would be obtained. In the present paper, the 
action of potassium pentasulphide, this being the polysulphide 
most readily obtained in the required degree of purity, on methyl, 
ethyl, and propyl halides is described. The interaction of this 
substance with allyl and benzyl halides and the action of lower 
polysulphides on organic halogen compounds will be described 
in subsequent communications, where the question of the structure 
of the polysulphides will also be discussed. 

In some preliminary experiments, an attempt was made to 
prepare alkyl pentasulphides by boiling potassium pentasulphide 
with a dry alcoholic solution of an alkyl halide. Although penta- 
sulphides were obtained, the method was not a very satisfactory 
one. In the first place, the yield of pentasulphides obtained was 
always small, probably on account of the dissociation which potass- 
ium pentasulphide is known to undergo in alcoholic solution (‘Thomas 
and Rule, loc. cit.), and the isolation of the pentasulphide from the 
reaction mixture required in consequence considerable handling 
of the material, a serious disadvantage in view of the fact that, 
speaking generally, these polysulphides are readily decomposed 
by traces of moisture. Moreover, traces of mercaptan were always 
obtained, and since these substances react with sulphur to form 
disulphides, their formation would vitiate any conclusion which 
might be drawn with regard to polysulphide structure. 

In the course of these preliminary experiments an observation 
of some interest was made. When the crude diethyl pentasulphide 
was distilled under reduced pressure (1—2 mm. of Hg), pure disul- 
phide was first obtained, and on heating the residual pentasulphide 
to a higher temperature it decomposed into approximately equal 
amounts of the di- and tri-sulphides, sulphur finally remaining in 
the distillation flask. This observation is directly opposed to the 
statements of Miiller and of Klason (loc. cit.) to the effect that higher 
polysulphides are formed when the lower members of the series are 
heated. This decomposition of diethyl pentasulphide into an equi- 
molecular mixture of the di- and tri-sulphides is in entire accord 
with the observation of Conant, Hartshorn, and Richardson (loc. 
cit.) that 6@’-dichlorodiethyl pentasulphide is decomposed by super- 
heated steam into a di- and a tri-sulphide. It is suggested that the 
pentasulphide first decomposes into the disulphide and sulphur, 
a reaction actually observed by Thomas and Riding (this vol., 
p. 1726), and that the disulphide then reacts with sulphur, forming 
the trisulphide. 

The method of preparation was eventually modified as described 


in the experimental section. The modified process yielded excellent 
5 Q* 
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results, the only serious objection being the extreme slowness of 
the reaction under the conditions mentioned. Ethyl, propyl, 
allyl, and benzyl pentasulphides have been obtained in this way, 
the yield in every case exceeding 90 per cent. of the theoretical, 
Although dimethyl pentasulphide has not yet been isolated in a 
high state of purity, conclusive evidence of the existence of this 
compound has been obtained. 

A certain amount of disulphide was always found in the crude 
products, and these might also have contained small amounts of 
the tri- and tetra-sulphides, although from theoretical considerations 
these would not be expected to occur, and, in fact, no evidence of 
the presence of these substances was ever found. No trace of free 
sulphur could be observed even when the crude oil was diluted with 
about ten times its volume of pentane. 

That the substances finally obtained were true compounds and 
not stable solutions of sulphur in the disulphide was established 
by determinations of their molecular weight in boiling ether. 
The results obtained were about 5 per cent. low, but they left no 
doubt as to the chemical nature of these substances. 

The stability of these compounds increases with increasing 
weight of the alkyl group. An approximate indication of the 
stability is given by the following figures : methyl 1, ethyl 7, allyl 10, 
propyl 20, benzyl 50. For example, dimethyl pentasulphide 
rapidly decomposes at 50—60°, whilst dibenzyl pentasulphide may 
be boiled with water without marked decomposition occurring. 
Diethyl pentasulphide slowly decomposes at the ordinary tem- 
perature, and an investigation of this decomposition showed that 
it results in the formation of diethyl disulphide and sulphur only. 
This observation is of the highest importance because of the light 
it throws on the structure of these compounds. 

With the object of facilitating the purification of the products 
and, if possible, obtaining some idea of the valency relationships 
in the polysulphide group, attempts were made to prepare crystalline 
double compounds of the pentasulphides with a variety of substances, 
both organic and inorganic, widely different in chemical character, 
but in no case was a crystalline compound obtained. The only 
substance found to combine with the pentasulphides was piperidine. 
On the addition of this substance a deep red coloration was imme- 
diately produced and an oily compound was obtained from which 
the free pentasulphide could be recovered by treatment with dry 
hydrogen chloride. The composition of these additive compounds 
was found to be R,S;,3C;H,,N, but every attempt to crystallise 
them ended in failure. Reference may be made here to the colora- 

tions observed by Thomas and Rule (loc. cit.) and by Thomas and 
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Riding (Joc. cit.) when the polysulphides of the alkali metals and 
also ammonium pentasulphide were treated with piperidine or 

idine. The results now obtained support the view previously 
expressed that in these cases too the colour is really due to the 
formation of additive compounds. 


EXPERIMENTAL. 


Diethyl Pentasulphide—A mixture of 9-5 grams of ethyl iodide 
(which had been treated with a little sodium to remove free iodine), 
100 c.c. of dry alcohol, and 7-3 grams (the calculated quantity) of 
anhydrous potassium pentasulphide was boiled under reflux for 
forty-eight hours and cooled. The insoluble residue consisted 
mainly of potassium iodide with some free sulphur and yielded only 
a trace of potassium iodide to acetone. 

The alcoholic solution was distilled. The distillate contained 
sufficient mercaptan to give a faint coloration with alcoholic ferric 
chloride and acid 1 per cent. isatin, but no trace of diethyl sulphide 
could be detected. The residue after distillation of the alcohol 
was semi-solid. It was kept for several days in a vacuum desiccator 
over phosphoric oxide and a portion was then extracted with acetone. 
The extract was boiled with ethyl iodide and mercuric iodide for 
six hours, and ether added to the cold liquid, whereupon a viscous 
oil was precipitated from which, after purification, crystals melting 
at 106° were obtained; this was presumably the compound 
(,H,S,,HgI,,C,H,I, m. p. 110°, described by Ray. 

From the main portion of the residue ether extracted a yellow 
oil, leaving potassium iodide. This oil, on distillation under reduced 
pressure, yielded two fractions and left a residue which proved to 
besulphur. The first fraction boiled at 64°/1—2 mm. (Found: 8 = 
51-95. Calc. for Et,S,, 8 = 52-50 percent.). The second fraction, 
b. p. 64—81°/1—2 mm., was a red, viscous, highly refractive liquid, 
from which a small quantity of sulphur slowly separated as a thin 
film on the sides of the vessel. The appearance of this film was 
found to be a very sensitive indicator for the decomposition of all the 
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‘er, If polysulphides examined. This fraction (Found : S = 57-35. Et,S, 
nly requires §S = 52:50. Et,S, requires S = 62-38 per cent.) certainly 
ne. | contained disulphide, as it yielded a precipitate with alcoholic 
ne 


silver nitrate. It would appear to be a mixture of the di- and tri- 
sulphides in approximately equal proportions formed by the decom- 
position of the pentasulphide, a decomposition analogous to that 
observed by Conant, Hartshorn, and Richardson (loc. cit.) in the 
case of 88’-dichlorodiethyl pentasulphide. 

In a second experiment, 5 grams of potassium pentasulphide, 
6-5 grams of ethyl iodide, 100 c.c. of dry ether, and a few glass beads 
5 Q*2 
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were placed in a bottle, the air was displaced by dry hydrogen, 
and the bottle sealed and shaken at the laboratory temperatur 
until the solid became colourless. The clear liquid was they 
decanted, the ether removed, and the residual yellow oil distilled 
(1—2 mm.), the temperature of the water-bath being kept beloy 
80°. A small quantity of the disulphide distilled over, leaving 
a faintly red oil, which was freed from the last traces of solvent 
and of the more volatile lower polysulphides by keeping for thre 
weeks over phosphoric oxide in an evacuated desiccator. The 
yield of diethyl pentasulphide, 4-22 grams, was 92 per cent. of the 
theoretical (Found: C = 22:09; H=4-56; S = 73-50; WM, in 
boiling ether, = 205, 207. Et,S,; requires C = 21:98; H = 4:57. 
S = 73-45 per cent.; M = 218. 

If light petroleum is substituted for ether in the preceding pr. 
paration, the reaction proceeds much more slowly, being only 
about half completed at the end of two months; the final yield 
of the pentasulphide, however, is the same. 

Diethyl pentasulphide is a faintly yellow, highly refractive oil 
which has a most disagreeable odour. Its density at 18° is 1-233. 
It is insoluble in water, moderately soluble in alcohol, and miscible 
in all proportions with the other common solvents. It decomposes 
when heated, and therefore its boiling point could not be determined. 
It is volatile, with considerable decomposition, in steam. Water 
decomposes it slowly at the ordinary temperature, monoclinic 
sulphur (m. p. 119°; rapid heating) separating (compare Thomas 
and Riding, loc. cit., on the formation of monoclinic sulphur during 
the decomposition of alcoholic solutions of ammonium _penta- 
sulphide). 

The decomposition of diethyl pentasulphide was further studied 
with reference to the nature of the lower polysulphide produced. 
A specimen which had been kept for two months was treated with 
ether to precipitate dissolved sulphur, the clear solution decanted, 
and the ether evaporated. The residual oil proved to be diethy! 
disulphide (Found: S = 52-42 per cent.). It therefore appears 
that as in the case of ammonium pentasulphide the decomposition 
of diethyl pentasulphide results in the formation of the disulphide 
together with free sulphur. 

Oxidation of diethyl pentasulphide effected by aspirating bromine 
vapour through the oil resulted in the precipitation of much sulphur 
and the formation of a mixture of acetic and monobromoacetic 
acids. No evidence of the formation of thio-acids was obtained. 

Reference has already been made to the difficulty of removing 
the last traces of solvent from the pentasulphides. This difficulty 
is especially marked in the cases of ether, the complete removal 
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of which could only be accomplished by keeping the substance in 
an evacuated vessel for several weeks. 

Dimethyl Pentasulphide.—The reaction between potassium penta- 
sulphide and methyl iodide took place extremely slowly, and there- 
fore methyl sulphate, which reacts much more readily, was employed 
in the preparation. 

Five grams of potassium pentasulphide and 2-6 grams of methyl 
sulphate were shaken with dry ether at the ordinary temperature. 
4ssoon as the reaction was complete, the clear liquid was decanted 
and divided into two portions. . 

From one portion the ether was rapidly distilled and an attempt 
was made to remove the disulphide by distillation under reduced 
pressure in the manner already described, the temperature of the 
bath being kept at 80°. A considerable quantity of a pale yellow 
oil was collected which boiled without decomposition at 110°, 
leaving no residue of sulphur. After this oil had stood for some 
days in a desiccator, it was analysed (Found: C = 25:30; H = 
611; S = 68-71. Calc. for Me,S,, C = 25:50; H =636; S= 
6814 per cent.). The residue in the flask contained scarcely any 
polysulphide and consisted of almost pure sulphur. 

The second portion was examined in the following way. The 
ether was allowed to evaporate at the ordinary temperature and 
the crude oil remaining was kept in an evacuated vessel over phos- 
phoric oxide and paraffin wax for a month, the sulphur content 
being determined at intervals. At the outset the substance con- 
tained 71-91 per cent. of sulphur, but as the disulphide and the 
last traces of solvent were removed the percentage of sulphur 
| steadily increased until the value 82-7 was reached. Beyond this 
point the removal of impurity took place so slowly that even after 
a week no appreciable change was noticed in the sulphur percentage. ., 

The complete analysis of the substance was only effected with 
difficulty on account of its extremely unstable nature, and the 
results obtained are not altogether satisfactory (Found : C = 12-60; 
H= 2-99; S = 82-77. Me,S, requires C= 1261; H= 3-16; 
§ = 84-22 per cent.). Although the yield of the crude oil was good, 
75 per cent. was lost during the purification of the substance, so 
that only a small amount of the final product was obtained. 

Dimethyl pentasulphide is a pale yellow, highly refractive oil, 
slightly heavier than water, in which it is insoluble but undergoes 
rapid decomposition. Like the ethyl compound, it is miscible with 
the common organic solvents, and it also resembles this com- 
pound in that it decomposes into the disulphide and free sulphur. 
It is, however, much less stable than diethyl pentasulphide, and is, 
in fact, the most unstable pentasulphide as yet obtained. 
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All these compounds have highly toxic properties which are especi. 
ally marked in the case of dimethyl pentasulphide. 

Dipropyl Pentasulphide.—This substance was prepared in the 
usual manner by the interaction of propyl bromide (2-6 grams) with 
anhydrous potassium pentasulphide (5 grams) in dry ether. The 
reaction was one of the slowest investigated, three months being 
required for its completion. The ethereal solution was separated 
from the solid residue, and after the ether had been distilled of 
an oil remained from which the last traces of solvent and the more 
volatile disulphide were removed by keeping it over phosphoric 
oxide in a vacuum desiccator for four weeks. The oil remaining 
weighed 4-7 grams, the yield thus being 91 per cent. of the theoretical 
(Found: C=29:13; H=582; S = 64-69. Pr,S,; requires 
C = 29-21; H = 5-69; S = 65-10 per cent.). 

Dipropyl pentasulphide is a lemon-yellow oil, d 1-18. It has a 
peculiar, sickly odour which is, however, less marked than that 
of the compounds previously noticed. It is readily soluble in the 
usual organic solvents, but insoluble in water. Its stability is 
much greater than that of diethyl pentasulphide, and it is only 
slowly decomposed by water or moist air at the ordinary tempera- 
ture. When heated, it decomposes into the disulphide and free 
sulphur. 

Summary. 


1. The action of anhydrous potassium pentasulphide on certain 
alkyl halides and similar compounds has been investigated. Under 
certain conditions, this reaction results in the formation of penta- 
sulphides in 90 per cent. yield. 

2. These compounds are heavy, highly refractive oils insoluble 
in water and highly toxic in character, this property being especially 
marked in the case of dimethyl pentasulphide. 

3. All the organic pentasulphides so far obtained are unstable, 
the stability increasing with increasing molecular weight. As 
products of their decomposition, disulphides are formed together 
with free sulphur, the pentasulphides resembling in this respect 
ammonium pentasulphide. 


In conclusion, the authors desire to express their thanks to Pro- 
fessor E. C. C. Baly, C.B.E., F.R.S., for his unfailing kindness and 
interest during the progress of this investigation, and to Mr. J. H. 
Jones, B.Sc., for valuable assistance in the experimental work. 
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OCCLXXXVIII.—The Chemical Constitution of Bac- 


in t i : ; 

) a terial Pigments. Part I. The Isolation of 
The Pyocyanine and the Preparation of its Salts. 

being By Hamitton McCompBie and HaroL_p ARCHIBALD 

aie ScARBOROUGH. 

ed 0 


Ir has been known for a long time that Bacillus pyocyaneus can be 


nies grown on such media as agar-peptone, bouillon, milk and potatoes 
‘ining with the production of the characteristic blue pigment, pyocyanine, 
etical and that this colouring matter can be extracted from the culture 
aires With chloroform. Thus Fordos (Compt. rend., 1860, 51, 215; 

1863, 56, 1128) added ammonia to the culture and was able to 
as q y extract the pigment with chloroform; further, he showed that the 


that colouring matter was basic and could be precipitated by the usual 
the | precipitants for substances of an alkaloidal nature. The product 
obtained by a simple extraction with chloroform must obviously 


y is 

ony be contaminated with fats from the medium and by any substances, 
era. § soluble in chloroform, the production of which accompanies that of 
free @ pyocyanine. The method of Fordos was improved by Gessard 


(Annales Instit. Pasteur, 1890, 4, 88; 1891, 5, 737; 1892, 6, 801; 

1901, 15, 817; 1902, 16, 313), who extracted the pigment from a 
i culture, rendered feebly ammoniacal, with chloroform; the filtered 

sky-blue extract was shaken with a dilute mineral acid, when the 
er pyocyanine was converted into a water-soluble, red salt. The 
wT chloroform retained the fatty matters and a yellow, non-basic 
colouring matter, which has been named pyoxanthose, the pro- 
i duction of which accompanies that of pyocyanine. The aqueous 
= layer after separation and filtration was rendered alkaline with 
ammonia and the colouring matter extracted with chloroform. By 


* evaporation of the chloroform extract there was obtained a confused 
a mass of deep blue, needle-shaped crystals which were very unstable. 


7 An attempt to obtain an empirical formula for pyocyanine was 
° made by Ledderhose (Deut. Zeit. Chirurgie, 1888, 28, 201), who 
prepared the picrate by shaking a saturated aqueous solution of 
picric acid with a chloroform solution of the colouring matter and 
recrystallised the precipitate from ethyl alcohol. From the analysis 
of this picrate he assigned to pyocyanine the empirical formula 
C\4H,,ON,. He attempted also to prepare a chloroplatinate, but 
was unable, judged by his analytical figures, to obtain a uniform 
product. It seems probable from the authors’ work that both the 
picrate and the chloroplatinate as prepared by Ledderhose were 
contaminated with ammonium salts. Apart from this work, no 
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other attempt appears to have been made to elucidate the chemical 
constitution of pyocyanine. 

In an attempt to determine the empirical formula for pyocyanine, 
the authors realised that if the free base were as unstable in the solid 
state as is recorded by Gessard no consistent analytical figures would 
be obtained, and this was found to be the case. On the other hand, 
the salts of pyocyanine are known to possess considerable stability, 
and it was believed that much information might be obtained by 
the analysis of a series of salts. Thus pyocyanine perchlorate was 
found to have the composition C,,H,.0,N,,2HCIO,, pyocyanine 
chloroplatinate, C,,H,,0,N,,H,PtCl,, pyocyanine chloroaurate, 
CygHgg0.N,,2HAuCl,, and pyocyanine mercurichloride, 

CygHgg0.N,,2HgCl,,2HCL. 
Two iodides were obtained, a pentaiodide, C.,H,,0,N,I;, and a 
heptaiodide, C,,H,,0,N,I,. The picrate gave on analysis figures 
agreeing with a formula Cy,H,.0,N,,2C,H,0,N;,2CH,-OH — 2H,0 
or Cy,H,,0.N,4,2C,H,0,Ns,C,H;-OH according to the solvent used 
in the recrystallisation. The picrolonate, 
Cog H,,0.N4,2Cy)HgO;N,,C,H;-OH — H,O 

was also prepared. 

An examination of these formule seems to indicate that 
pyocyanine has an empirical formula C,,H,,0,N,, but that it may 
lose one or even two molecules of water and that salts may be 
derived from any one of these three forms. That the molecular 
formula is identical with the empirical formula is, at present, 
dependent upon a determination of the molecular weight of the free 
base, which is unstable, in chloroform solution. The value 397 
was obtained, which is in fair agreement with the value required for 
the simple formula. 

Of the four nitrogen atoms present in the molecule, one can be 
removed by the action of nitrous acid in the cold. 


Cultivation of the Bacteria. 


The amount of pigment produced by the bacillus is small, and 
thus it was essential that it should be grown on a large scale on an 
as inexpensive medium as possible. Three factors had to be taken 
into consideration : (a) the medium should not be so stiff that the 
extraction of the pigment is rendered difficult, (b) the period of 
incubation for a maximum development of colour should be as short 
as possible, (c) the bacteria should produce the pigment over long 
periods on the same medium. 

In the first experiments which were conducted, a stiff agar- 
peptone medium was employed, using Parke Davies’s bacteriological 
peptone. This medium is made from 80 grams of peptone, 100 
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grams of agar, 20 grams of salt, and 8 grams of Lemco, the whole 
being made up to 4 litres and the reaction of the medium adjusted 


yanine, § with sodium hydroxide to py = 8-0. 

1€ solid This medium proved to be too stiff to allow the pigment to be 
Would § extracted with reasonable ease and, further, the cost of the peptone 
’ hand, roved to be very high; after many experiments it was found 


bility, possible to reduce the peptone to 40 grams and the agar to 50 grams 
ed by per 4 litres without appreciable reduction in the pigment production 
fe was Hor increased time of incubation. It was found advisable, however, 
fanine § to return to the richer medium at intervals of a few months in order 
urate, # to keep the pigment production at a high level. 
A less expensive medium was obtained by digesting two minced 
pigs’ stomachs in 3 litres of water and 40 c.c. of concentrated 
nd a § hydrochloric acid for 7:5 hours at 50°. The temperature was then 
gures § raised to 90° to arrest the digestion and to destroy the pepsin. The 
*H;0 § product was made alkaline with sodium hydroxide, heated at 110° 
used in an autoclave for one hour, and filtered. The medium was then 
made up as follows: 750 c.c. of extract, 50 grams of agar, and 6 
grams of Lemco, and diluted to 4 litres. 
The colour produced, judged on the yield of perchlorate, was some 


that 60 per cent. of that produced on the peptone medium; it was 

may necessary, however, to return to the peptone medium at short 

’ be intervals in order to maintain the yield at this level. 

ular A third medium which was employed with limited success was 

ent, prepared from bullock’s heart. It was found to give a yield of 

free pigment corresponding to about 25 per cent. of that obtained from 

397 the Parke Davies peptone. 

for It was found that B. pyocyaneus could produce a small amount of 
pigment when grown on a synthetic medium containing ammonium 

he citrate or ammonium succinate together with some glycerol. This 


medium was not found to be satisfactory on a large scale. 
The medium was prepared and transferred to large, flat bottles 
with a capacity of 1 litre, about 350 c.c. of medium being placed in 


nd each bottle. By employing these bottles, a large surface was 
un obtained and further the bottles could be sterilised readily and 
on were of a convenient shape for keeping in large numbers in the 
1€ incubators. 

of After inoculation, the bottles were kept in an incubator at 37° 
rt for 4 to 6 days; longer periods of incubation did not give rise to an 
g increased yield of pigment. 


The original culture of B. pyocyaneus employed in these experi- 
ments was obtained from the Lister Institute and sub-cultures were 


made from<this. 
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Extraction of the Pigment. 


After incubation, the contents of the bottles were shaken with 
some 200 c.c. of water until the medium had broken up into pieces 
no larger than a pea, and were then transferred to a large aspirator, 
A little sodium carbonate was added and the mixture extracted with 
chloroform until the chloroform layer was only a faint blue in colour; 
four extractions were usually sufficient. 

The chloroform extract was filtered through glass wool to render 
the solution clear and then shaken with a fixed quantity of dilute 
sulphuric acid (1 per cent.). By this procedure the pyocyanine 
was converted into the water-soluble, red sulphate, while the 
chloroform became almost colourless. There remained in the chloro- 
form an appreciable quantity of dissolved fats and a minute quantity 
of the yellow colouring matter, pyoxanthose. The red aqueous 
solution was separated, filtered, and stored until a sufficient 
quantity had accumulated. At intervals, this sulphate solution 
was neutralised with sodium carbonate, filtered, extracted with 
chloroform, and the chloroform solution shaken with dilute sulphuric 
acid (1 per cent.) in such quantities that the final concentration of 
the sulphate solution approximated to 0-2 gram of pyocyanine per 
100 c.c. This solution was the starting point for the preparation 
of the salts and for any reactions it was desired to investigate. 


Pyocyanine. 

This substance is very unstable and judged by analyses was never 
obtained in a pure state, but its salts are stable. The purest 
specimen of the free base was obtained from the pure recrystallised 
perchlorate, which was neutralised with sodium carbonate and the 
colouring matter extracted with chloroform. The chloroform 
solution was dried carefully over sodium sulphate and the chloro- 
form removed under reduced pressure. There resulted a confused 
mass of small, dark blue, needle-shaped crystals resembling indigo. 
It was recrystallised from water, care being taken not to allow 
the temperature to rise above 60°. It separated in beautiful dark 
blue needles and melted with decomposition at 130°. A sample of 
pyocyanine left in a vacuum desiccator slowly decomposed and there 
was obtained from this a small quantity of a yellow substance which 
is probably identical with one of the decomposition products obtained 
with sodium hydroxide. An analysis of the recrystallised pyocyanine 
indicated that it was not quite pure. A determination of the mole- 
cular weight in chloroform solution gave M = 397 (CygH,,03N, 
requires M = 444). Pyocyanine is soluble in hot water, in dilute 


alcohol, chloroform, acetone, or ethyl acetate. It is insoluble in 3 
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ether, benzene, xylene, carbon tetrachloride, light petroleum, or 

carbon disulphide. It is strongly basic, and its salts are dark red 
in colour, and in aqueous solution are appreciably hydrolysed. 
When it is heated with potassium, sodium, or barium hydroxide, 
ammonia is evolved slowly, the colour of the solution changes from 
blue to purple, and on acidification several decomposition products 
can be isolated which are at present under investigation. 

When pyocyanine is treated with nitrous acid in the cold, the 
solution turns green, a solid product, which is at present being 
studied, is formed, and nitrogen evolved in the quantity indicating 
that one of the four nitrogen atoms has been detached. This was 
shown in the case of the sulphate solution of the base by determining 
the ratio of the total nitrogen in the solution to the nitrogen evolved 
by the action of sodium nitrite (Van Slyke’s method) (Found : 100 
c.c. of solution contained 0-0282 gram of total nitrogen, whilst on 
addition of sodium nitrite 100 c.c. yielded 0-0074 gram of nitrogen). 

If the salts of pyocyanine are boiled with concentrated nitric acid, 
there seems to be produced a second blue colouring matter which 
differs from pyocyanine in that when a chloroform solution is 
shaken with dilute sulphuric acid a red salt is not produced. 

Hydrogen peroxide and potassium persulphate are almost without 
action on pyocyanine. In alkaline solution, sodium hypochlorite 
has no apparent action, but on acidification the colour is discharged. 
Pyocyanine is readily attacked by potassium permanganate in acid, 
neutral, or alkaline solution, the colour being destroyed immediately. 
Ferrous sulphate in neutral solution completely destroys the colour 
of pyocyanine. Potassium ferrocyanide appears to have no action 
on the colouring matter. Sulphur dioxide gives a reddish-brown 
solution with pyocyanine, which changes to a faint green on render- 
ing the solution ammoniacal. Zinc and sulphuric acid give a 
reddish-brown solution which changes to a grass-green solution on 
further action. Stannous chloride gives the grass-green coloration 
immediately. Sodium hydrosulphide destroys the blue colour 
immediately, but after a further period a grass-green coloration 
appears. 

Pyocyanine can be precipitated from dilute solution by means of 
phosphomolybdic acid. 

Pyocyanine Perchlorate-——The pyocyanine sulphate solution was 
extracted with chloroform to free it from fatty matters, neutralised 
with sodium carbonate, filtered, and the base extracted with 
chloroform. The chloroform solution after filtration was shaken 
with perchloric acid (d 1-12), when the perchlorate separated and the 
chloroform became colourless. The perchlorate, recrystallised from 
hot water containing a little perchloric acid, formed beautiful, dark 
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red needles which melted with decomposition at 221—223° (Found: 
C = 48-5, 48-4; H=44, 44; N=89, 89; Cl= 10-9, 10-9, 
CygH,,0,N,,2HCIO, requires C=484; H=43; N= 8-68; 
Cl = 11-0 per cent.). Heated at 120°, this perchlorate lost two 
molecules of water (Found: H,O lost = 5-2, 5-4. The residue on 
combustion gave C = 51-2; H = 4-22. C,,H,,0,N,,2HCIO,—2H,0 
requires H,O = 5-58; C = 51-2; H = 3-9 per cent.). 

Pyocyanine Chloroplatinate.—A chloroform solution of the free 
base which had been freed from fatty matters was shaken with 
platinic chloride in hydrochloric acid. The chloroplatinate separated 
as a dark red powder and was recrystallised from dilute hydrochloric 
acid (Found: C= 37:3; H=2:9; N=7-2, 7-3; Cl = 25-9, 
25:5; Pt = 23-4, 23-7, 23-7. CygH,,O.N,,H,PtCl, requires C = 
37-3; H = 3-2; N=6-7; Cl = 25-5; Pt = 23:3 per cent.). 

Pyocyanine Chloroaurate-—Pure pyocyanine perchlorate was 
dissolved in water, neutralised with sodium carbonate, and the free 
base extracted with chloroform. To this chloroform solution was 
added gold chloride in hydrochloric acid solution and after vigorous 
shaking of the mixture the chloroaurate was precipitated as a dark 
reddish-brown powder. It was found impossible to purify it by 
crystallisation (Found: C = 28-4, 28-5, 28-8; H = 2-1, 2-8, 2-6; 
Au = 35-25, 35-1; Cl = 25:3, 25-2. C,,H,,O.N,,2HAuCl, requires 
C = 28:2; H = 2-4; Au = 35-6; Cl = 25-7 per cent.). 

Pyocyanine Periodides.—a. The Pentaiodide. A solution of the 
pure base in dry chloroform was treated with an excess of iodine, 
also in chloroform. The precipitated pentaiodide was separated by 
filtration and washed with chloroform (Found: I = 59-0, 59-1. 
C.,H,,0,N,I, requires I = 58-8 per cent.). 

b. The Heptaiodide. The free base was dissolved in water, a 
solution of iodine in potassium iodide added, and the mixture warmed 
gently. The heptaiodide, which was precipitated as a brown powder, 
was separated by filtration, washed with potassium iodide solution, 
and dried, when it was found to melt at 152—153° (Found : I = 66-7, 
66-7. C,,H,,0,N,I, requires I = 66-7 per cent.). 

Pyocyanine Mercurichloride—A chloroform solution of the free 
base was shaken with dilute hydrochloric acid, and an excess of a 
2-5 per cent. solution of mercurichloride added to the hydrochloric 
acid solution. The mixture was warmed for half an hour on a 
water-bath and, on cooling, dark red, needle-shaped crystals of the 
mercurichloride separated, which were recrystallised from hot water 
(Found: C = 30-4, 29-9, 30-0; H = 2-6, 2-5, 3-4; N = 5:3, 5:3. 
Cy,H,g0,N,,2HCI,2HgCl, requires C = 300; H=2-7; N= 5-4 
per cent.). 

Pyocyanine Picrate.—A chloroform solution of the free base was 
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shaken with a saturated aqueous solution of picric acid and the dark 
red solid which separated, when recrystallised from dry methyl 
alcohol, crystallised in dark red, almost black leaflets with a violet 
sheen. The substance melted with decomposition at 194—195° 
(Found: C = 51-5, 51:3; H = 3-9, 3-3; N = 15-2, 15-2; loss of 
weight on heating at 120° = 10-8. C,,H,,0,N,,2CH,OH—2H,O 
requires C = 51-6; H = 4:1; N = 15-1; loss of 2CH,-OH + 2H,O 
= 10-75 per cent.). . 

The picrate crystallised from ethyl alcohol in deep violet leaflets 
which melted with decomposition at 194—195° (Found : C = 51°38, 
§1:56; H = 3°5, 3°75; N= 15-5, 15°07. 

C,gH,,.0.N,,2C,H,0,N3,C,H,-OH 
requires C = 51-6; H = 4:1; N = 15-05 per cent.). 

Pyocyanine Picrolonate——The pure perchlorate was dissolved in 
water, neutralised with sodium carbonate, and the pyocyanine 
extracted with chloroform. To the chloroform solution was added 
excess of picrolonic acid dissolved in methylated spirits diluted 
with ten volumes of water. The chloroform became colourless and 
the picrolonate separated as a reddish-black precipitate, which was 
separated by filtration and on recrystallisation from ethyl alcohol 
melted at 195—196° (Found: C= 58:5; H=45; N= 17-5. 
C.g,H,ON,,2C,9H,O;N,,C,H,-OH requires C= 58-7; H= 4-7; 
N = 17-1 per cent.). 


The authors desire to thank the Lister Institute, from whom the 
original cultures were obtained, Dr. C. G. L. Wolf for much kind 
assistance, and the Department of Scientific and Industrial Research, 
without whose assistance the work could not have been undertaken. 
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CCCLXXXIX.—The Action of Hydrogen Sulphide on 
Lithium Ethoxide. Lithium Hydrosulphide. 


By Joun Henry Jones and JoHN SMEATH THOMAS. 


Wuitst the sulphides of the more electropositive alkali metals 
have been investigated from several different points of view, little 
attention has been directed to the sulphur compounds of lithium, 
none of which appears to have been prepared in the pure and 
anhydrous condition. 

Berzelius (Pogg. Ann., 1826, 6, 439) obtained a solution of the 
hydrosulphide by reducing lithium sulphate with carbon, lixiviating 
the melt with water, and passing hydrogen sulphide through the 
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solution. A modification of this method was also employed by 
Sabatier (Ann. Chim. Phys., 1881, [v], 22, 21), but neither he nor 
Berzelius succeeded in isolating the pure hydrosulphide. According 
to Sabatier, the solid obtained by saturating a solution of lithium 
sulphide with hydrogen sulphide, evaporating to a syrup, and 
finally drying in a vacuum over anhydrous potassium carbonate, 
has the composition Li,S,H. Attempts have also been made to 
prepare the hydrosulphide by the action of the metal on hydrogen 
sulphide, but Sabatier states (Compt. rend., 1879, 89, 254) that the 
products always contain polysulphides. 

The present investigation was commenced with the object of 
devising a convenient method of preparing pure lithium hydro. 
sulphide, considerable quantities of which were required for another 
purpose. 

As the compound undergoes considerable hydrolysis in aqueous 
solution, it seemed clear that satisfactory results could be obtained 
only by the use of non-aqueous solvents and therefore preliminary 
experiments were made along the lines indicated by Rule (T., 1911, 
99, 558), who obtained sodium and potassium hydrosulphides by 
the action of hydrogen sulphide on alcoholic solutions of the 
ethoxides of these metals, ether or benzene being used as the 
precipitating agent. In this way, the anhydrous compounds were 
obtained.* 

In the preparation of the hydrosulphides of sodium and potassium 
a solution of the ethoxide is first obtained by dissolving the metal 
in dry alcohol. This mode of procedure was found to be unsuitable 
in the case of lithium ; although small amounts of the hydrosulphide 
were ultimately obtained, serious difficulties were encountered. In 
the first place, lithium dissolves very slowly in ethyl alcohol even 
at 80°, and although this difficulty is to some extent overcome by 
the use of methyl alcohol, the high cost of the metal together with 
the fact that all the specimens used contained much impurity, 
which contaminated the final product, ultimately led to the aban- 
donment of the method. For the same reasons, Scott’s method, 
referred to by Bloxam (T., 1900, 77, 763), although yielding pro- 
mising results, had also to be abandoned. It became clear, however, 
that if pure lithium were readily obtainable the anhydrous hydro- 
sulphide could most easily be obtained in this way. 

Experiments were thereupon made with the object of preparing 
* Rule appears to have been unaware of the experiments of Wanklyn 
(Phil. Mag., 1869, [iv], 37, 177, 358), who investigated the action of hydrogen 
sulphide on dry sodium ethoxide, obtaining a white solid to which he assigned 
the formula HS-NaH-OEt. On heating this substance to 100°, he obtained 


a compound which, on arialysis, yielded results closely approximating to those 
required for anhydrous sodium hydrosulphide. 
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the hydrosulphide by double decumposition. Anhydrous sodium 
hydrosulphide reacts readily in the cold with an alcoholic solution 
of lithium chloride, but it was found impossible to free the lithium 
hydrosulphide thus obtained from sodium chloride. A solution of 
lithium ethoxide is, however, easily obtained by the action of 
sodium on an alcoholic solution of lithium chloride, and, after 
removing the precipitated sodium chloride, this can then be con- 
verted into the hydrosulphide by passing hydrogen sulphide through 
the solution. The isolation of the hydrosulphide from the solution 
is, however, difficult. On the addition of ether it is precipitated as 
a “fog” which can be filtered only with difficulty; moreover, the 
presence of even a minute quantity of water which, owing to the 
hygroscopic nature of lithium chloride, could scarcely be excluded, 
rendered the isolation of the anhydrous compound almost impos- 
sible. The hydrosulphides of sodium and potassium are very 
hygroscopic, but the lithium compound was found to have an even 
greater affinity both for alcohol and water. 

For these reasons it was found advisable first to isolate the 
ethoxide and then to convert it into the hydrosulphide by passing 
hydrogen sulphide into ether in which the dry substance was 
suspended, a method similar in principle to that employed by 
Wanklyn (loc. cit.) in the case of sodium hydrosulphide. In this 
way excellent yields of an alcoholate, LiHS,4C,H;-OH, were 
obtained. Attempts made to remove alcohol from this compound, 
leaving the anhydrous hydrosulphide, were unsuccessful. 

A considerable amount of work has been done in connexion with 
solutions of lithium ethoxide, notably by Acree, but a careful 
search of the literature revealed no reference to the isolation of the 
substance in the pure state. It has already been pointed out that 
solutions of lithium ethoxide are readily obtained by the interaction 
of sodium ethoxide with lithium chloride in alcohol, the sodium 
chloride formed being precipitated owing to its slight solubility in 
that solvent. Lithium chloride is more readily soluble in methyl 
than in ethyl alcohol. According to Turner and Bissett (T., 
1913, 103, 1904), at 25° the solubilities in grams per 100 grams of 
solvent are as follows: lithium chloride 25-83 and 42-36, sodium 
chloride 0-065 and 1-31, in ethyl and methyl alcohol, respectively. 
The advantage gained by the greater solubility of lithium chloride 
in methyl alcohol is, therefore, more than neutralised by the rel- 
atively much greater solubility of sodium chloride in that solvent. 

In practice, the formation of a saturated solution is difficult ; 
equilibrium appears to be reached very slowly, so that solutions of 
much lower concentrations were generally employed. In order to 
make sure that the lithium chloride contained no water (the 
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anhydrous salt was always used), the fused substance was employed 
in one experiment, but it was then found that the solubility had 
greatly diminished and a solution of suitable concentration could 
not be obtained. This observation is in agreement with that of 
Patten and Mott (J. Physical Chem., 1904, 8, 157), who found the 
solubility of fused lithium chloride in ethyl alcohol at 25° to be 
only 2-475. 

On evaporating the lithium ethoxide solution in a vacuum, a 
light powder was obtained, white when first prepared, but which 
rapidly darkened in colour on exposure to the air. The substance 
thus obtained always contained a small quantity of sodium chloride 
and the lithium content was invariably about 1 per cent. too high, 
Evaporation in a current of hydrogen led to similar results. 

It was noticed, however, that when solutions of lithium ethoxide 
in alcohol were heated at about 70° crystals were deposited. Some 
of these were separated and examined. They were perfectly white, 
readily soluble in cold alcohol, but very sparingly soluble in hot 
alcohol. These crystals were free from sodium compounds and 
they proved to be pure lithium ethoxide. The method of separation 
finally adopted was based on this observation. 

In order to obtain a satisfactory yield of the ethoxide, it was 
found necessary to work with fairly dilute solutions and to keep 
the lithium chloride in slight excess in order to ensure the complete 
decomposition of the sodium compound. When these precautions 
were neglected the final product was always found to contain 
sodium compounds. 

EXPERIMENTAL. 


The metallic lithium and the anhydrous lithium chloride used 
were supplied by British Drug Houses, Ltd., as the purest obtain- 
able; the metal, however, contained impurities which rendered its 
use impracticable. The alcohol and the ether were carefully dried, 
the former by shaking for twenty-four hours with freshly burned 
quicklime followed by distillation, the latter by means of metallic 
sodium. Sodium hydrosulphide was prepared by Rule’s method 
(loc. cit.). 

At the commencement of the work gravimetric methods of 
analysis were employed. It soon became evident, however, that a 
very large number of determinations would have to be made and 
test experiments were carried out in which volumetric methods 
were employed. Finally, lithium was estimated by direct titration 
with N/10-sulphuric acid, and sulphur by adding a dilute aqueous 
solution of the substance under éxamination slowly and with 
constant stirring to excess of a dilute solution of iodine acidified 
with hydrochloric acid. The excess iodine was then estimated by 
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means of V/10-sodium thiosulphate solution. The results obtained 
in this way were found to be in good agreement with those obtained 
by the usual gravimetric methods. 


Lithium Ethoxide. 


To 5 grams of anhydrous lithium chloride, dissolved in a minimum 
of alcohol (a slight residue always remained; even after standing 
for several hours, the liquid was slightly turbid), was added a 
solution of sodium ethoxide obtained by dissolving 2-7 grams of 
sodium, rather less than the quantity theoretically required, in 
alcohol. The whole operation was carried out in a large flask 
fitted with a reflux condenser and guard tubes containing calcium 
chloride and soda-lime, and through which a current of dry hydrogen 
was continually passed. A milky precipitate of sodium chloride 
immediately formed and the separation of this precipitate from the 
solution proved to be difficult. When first formed, it remained in 
suspension indefinitely, but when the liquid was boiled the pre- 
cipitate settled fairly rapidly, but much lithium ethoxide was carried 
down with it and the recovery of this from the precipitate caused 
the volume of the solution to become inconveniently large. 

The method ultimately adopted was to shake the mixture 
vigorously and then to allow the precipitate to settle for twenty- 
four hours, after which the clear liquid was blown over by means 
of dry hydrogen. A small quantity of fresh alcohol was then 
added and the operation repeated. Exposure of the solution to 
air or to moisture was thus avoided. When this alcoholic solution 
was heated at 70° in a stream of dry hydrogen, white crystals of 
lithium ethoxide formed. These were separated and, after evapor- 
ating the solution, a second and a third crop of crystals were 
obtained in a like manner. 

Owing to the ease with which lithium ethoxide absorbs water 
and carbon dioxide the separation of pure lithium ethoxide from 
the alcohol was not easy. Even when the filtration was carried 
out as quickly as possible and the product was transferred rapidly 
to a vacuum desiccator where it was stored over phosphoric oxide, 
experiments carried out as nearly as possible under the same con- 
ditions furnished products which, on analysis, were found to differ 
considerably in composition. Thus, in one case the first precipit- 
ation yielded 3-7 grams of a substance containing 13-68 per cent. 
of lithium (LiOEt requires Li = 13-35 per cent.). In other cases, 
however, the lithium content of the first fraction was much higher 
and only the third fraction could be considered to be reasonably 
pure. The following is a typical example. Fraction 1, 2-5 grams 
(40 per cent. of the theoretical); Li = 18 per cent. Fraction 2, 
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0-61 gram (10 per cent.); Li = 16-65 percent. Fraction 3, 3-0 grams 
(solution evaporated almost to dryness); Li = 13-30 per cent. 

In general, only about 50 per cent, of the total yield was obtained 
in a sufficiently pure condition for the preparation of the hydro. 
sulphide, although the impure first fraction could be utilised in the 
preparation of the polysulphide. The principal impurity was 
lithium hydroxide, formed during filtration by the action of water 
vapour from the air. Attempts to remove this impurity were not 
successful. An apparatus was therefore devised by means of which 
the precipitation and subsequent filtration could be carried out in 
dry hydrogen. By means of this apparatus, 
sketched in Fig. 1, much more satisfactory 
results were obtained. 

Lithium ethoxide was prepared in the 
vessel A, which was immersed in the bath B. 
: On raising the temperature of the bath to 
a 70°, the solid was precipitated. After settling, 


Dry hydragen the tap, C, was opened and the solid was 

a transferred to the funnel, D, where it was 
filtered by suction. As much liquid as 
possible was removed by means of the pump 
and the solid was then rapidly transferred 
to a vacuum desiccator, where it was kept 
over phosphoric oxide until the last traces 
of alcohol had been removed (Found: 
Li = 13-42; C= 46-01; H =9-53. LiOEt 
requires C = 46:17; H = 9-61; Li = 13-35 
per cent.). 


Lithium Hydrosulphide. 


The Action of Hydrogen Sulphide on 
Alcoholic Solutions of LInthium Ethoxide.— 
Five grams of anhydrous lithium chloride 
were dissolved in dry alcohol, care being 
taken to exclude moisture and carbon dioxide, 2-7 grams of 
sodium were added, and the mixture was gently warmed under 
a reflux condenser. Sodium chloride was precipitated in a very 
finely divided form and was separated from the solution in the 
. manner already described. 

Pure dry hydrogen sulphide was then passed into the solution for 
several hours, after which the liquid was concentrated to about 
one-third its original volume by distilling off alcohol in a current of 
hydrogen. It was found necessary to continue alternately satur- 
ating the cold solution with hydrogen. sulphide and removing 
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alcohol by distillation until crystals began to be deposited on the 
walls of the vessel, otherwise the amount of ether required for the 
precipitation of the hydrosulphide was very large. 

On the addition of ether a white “fog ’’ formed which passed 
through filter-paper. It was found advantageous to transfer the 
liquid to a dry stoppered bottle and to shake it vigorously for at 
least an hour. This treatment caused the precipitate to coagulate 
somewhat and it could then be separated by filtration. The solid 
was washed with dry ether and stored in a vacuum desiccator over 
phosphoric oxide and chips of paraffin wax. After standing a 
week, the substance was analysed (Found: Li = 11-02; S = 50-40. 
2LiHS,C,H,"OH requires Li = 11-01; S = 50-85 per cent.). 

The freshly prepared substance was a pure white, crystalline 
powder which dissolved readily in dilute hydrochloric acid, hydrogen 
sulphide being vigorously evolved. The solution was perfectly clear 
and the preparation therefore contained no polysulphide. The 
substance is extremely soluble both in water and in alcohol. It is 
extremely deliquescent and is decomposed rapidly by carbon 
dioxide. When heated, the substance loses alcohol, but the 
anhydrous hydrosulphide cannot be obtained in this way, as dis- 
sociation of the hydrosulphide also occurs; the final product is 
yellowish-brown in colour. 

The product obtained by evaporating the alcoholic solution to 
dryness instead of precipitating with ether was also an alcoholate, 
yielding on analysis figures practically the same as those already 
quoted. The substance was, however, less pure; it contained a 
trace of polysulphide and had in consequence a faint buff colour. 

In another experiment an attempt was made to prepare the 
ethoxide by dissolving lithium in alcohol. The result was by no 
means satisfactory. The metal dissolved very slowly, a considerable 
amount of residue remained, and the solution was discoloured by 
impurities present in the lithium. Methyl alcohol gave much better 
results. After passing hydrogen sulphide through the solution, it 
was concentrated in a vacuum at room temperature, the ratio 
[Li]/[S] being determined at intervals. For this ratio the following 
values were obtained: 0-976, 0-990, 1-05. As before, the final 
product was an alcoholate, but for reasons already mentioned this 
method of preparation is very unsatisfactory. 

The Action of Hydrogen Sulphide on Lithium Ethoxide Suspended 
in Ether.—¥ive grams of lithium ethoxide, prepared in the manner 
previously described, were added to 250 c.c. of dry ether in a flask 
provided with a reflux condenser and the usual guard tubes. A 
current of hydrogen sulphide was then bubbled through the liquid, 
which was kept cool by immersing the flask containing it in iced 
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water. The gas reacted readily with the suspended solid, a cop. 
siderable amount of heat being evolved, and a marked Change 
occurred in the appearance of the suspension. The ethoxide wa 
extremely light and remained in small, flocculent masses; the 
hydrosulphide was denser and settled fairly rapidly as a white 
crystalline powder. 

This powder was filtered, washed with ether, and dried in the 
usual way over paraffin wax and phosphoric oxide. On analysis 
it was found to be the alcoholate and this proved to be the most 
convenient method of preparing this substance. The presence of 
alcohol in the compound in no way interfered with its use in the 
preparation of polysulphides, which was the ultimate object of the 
work, The yield of the alcoholate was 5-6 grams (92 per cent. of 
the theoretical) (Found : Li = 11-35; S = 51-00. 2LiHS, C,H,-0H 
requires Li = 11-01; S = 50-85 per cent.). Both the sulphur and 
the lithium values are slightly high. This is probably due to the 
presence of a little anhydrous hydrosulphide with the alcoholate. 

The Action of Hydrogen Sulphide on Lithium Metal.—The dif. 
culty experienced in the preparation of anhydrous lithium hydro. 
sulphide from the alcoholate led to the investigation of the action 
of hydrogen sulphide on the metal in the hope that in this way a 
specimen of the pure hydrosulphide would be obtained. 

A small piece of lithium was scraped under ether. A clean 
metallic surface could not be obtained, as the fresh surface was 
found to contain numerous black specks which penetrated the metal 
to varying depths. This impurity was removed as completely as 
possible and the metal was then placed in a small conical flask with 
30 c.c. of ether, on which it floated. The flask was provided with a 
small double-surface reflux condenser and the usual guard tubes. 

On passing a stream of dry hydrogen sulphide into the ether, 
bubbles of hydrogen were observed to be liberated from the surface 
of the metal and a white substance was formed which collected at 
the bottom of the flask. The action was complete in twenty-four 
hours. An examination of the solid product showed it to be con- 
taminated with some darker-coloured material; it was separated, 
washed with ether, and dried in a vacuum over paraffin wax and 
phosphoric oxide. The substance readily dissolved in water, leaving 

a slight residue, and the solution was faintly green. When this 
solution was treated with hydrochloric acid, hydrogen sulphide 
was freely evolved and no sulphur was precipitated. The substance 
was therefore free from polysulphide (Found: Li = 16-1; S = 
69-63; [Li]/[S] = 1-06. LiHS requires Li = 17-35; S = 80-15 per 
cent.; [Li]/[S] = 1). 

It appears, therefore, that pure lithium hydrosulphide could be 
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prepared by the action of hydrogen sulphide on the metal if the 
‘Blatter could be obtained sufficiently pure. An attempt to remove 
the impurities from the substance by dissolving it in the smallest 
possible quantity of alcohol and reprecipitating with a large excess 
of ether resulted in the formation of the alcoholate. 

It was noticed, however, that when the impure substance was 
shaken with ether the dark-coloured impurity settled much more 
rapidly than the white hydrosulphide. This difference in density 
can be utilised for the purification of the impure material. The 
crude product was shaken with dry ether and when most of the 
impurity had settled the supernatant layer was decanted. This 
process was repeated until a separation into two fractions was 
effected and the whole process was then repeated with the purer 


it, of product. Both the purified material and the residue were then 
5 OH analysed (Found : in the residue, Li = 17-49; S = 19-45 per cent.). 
and This appears to indicate that the impurity is mainly lithium 
the F carbonate, which is insoluble in ether and would be acted on by 
©. J hydrogen sulphide very slowly. Assuming 95 per cent. of the 
lif. F residue to consist of lithium compounds, 70 per cent. being lithium 
dro. carbonate and the remainder hydrosulphide, the percentage of 
tion F jithium and of sulphur would be 17:5 and 20, respectively. 

ya The purified material proved to be the pure alcoholate. This is 


accounted for by the fact that, unfortunately, the substance was 
placed in a desiccator which had previously been used to store 
a product containing alcohol. Although the phosphoric oxide 
appeared to be fresh, the anhydrous hydrosulphide took up alcohol 
from it and was completely converted into the afore-mentioned 
alcoholate. Owing to the difficulty of obtaining the metal, no 
further experiments were made in this direction, but the authors 
are satisfied that by adopting this method of purification pure 
lithium hydrosulphide can be obtained even from impure lithium. 
Given pure metal, this is the most convenient method of preparing 
the substance. 

In this connexion attention may be directed to a statement of 
Bloxam (loc. cit.), Referring to the preparation of sodium hydro- 
sulphide by this method, he states that when a small amount of 
alcohol is present in the ether the hydrosulphide is not obtained 
but oxidation products of the ethoxide. In view of the results 
obtained in this and in previous investigations, this statement is 
difficult to understand. Potassium, sodium, and lithium ethoxides, 
whether dry or in solution in alcohol, are converted into hydro- 
sulphides by the action of hydrogen sulphide, and in the presence 
of sufficient ether these compounds are precipitated, the only 
difference being that whereas the substances precipitated in the 
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cases of sodium and potassium are the pure hydrosulphides, the 
corresponding lithium product is an alcoholate. It might even be 
suggested that a trace of alcohol acts as the medium in which the 
reaction really occurs. 

Summary. 


1. A method is described for the preparation of lithium ethoxide 
by the interaction of sodium ethoxide and anhydrous lithiuy 
chloride. 

2. Lithium ethoxide is a white, crystalline substance, the solu. 
bility in alcohol of which decreases with increasing temperature, 
This property was utilised in the separation of the substance. 

3. The action of hydrogen sulphide on lithium ethoxide has been 
investigated under a variety of conditions. The reaction results in 
the formation of an alcoholate of the hydrosulphide having the 
formula 2LiHS,C,H;-OH. This substance is best obtained by the 
action of hydrogen sulphide on lithium ethoxide suspended in dry 
ether. 

4. Pure lithium hydrosulphide may be obtained by the action of 
hydrogen sulphide on lithium in dry ether. Impurities in the 
metal render the product very impure. These can best be removed 
by repeated shaking with dry ether; the impurities, being of 
greater density than the hydrosulphide, settle more rapidly. 

5. The properties of lithium hydrosulphide and of its alcoholate 
have been investigated. The former is remarkable for the ease 
with which it absorbs alcohol. 


THE UNIVERSITY, LIVERPOOL. 
THE UNIVERSITY, CaPE Town. [Received, October 16th, 1923.] 


CCCXC.—Use of the Quinhydrone Electrode for the 
Estimation of Amino-acids and of Acid and 
Basic Functions. 


By Les J. Harris. 


THE quinhydrone electrode (Biilmann, Ann. Chim., 15, 109; 
Biilman and Lund, ibid., 16, 321; S6rensen and others, ibid., 
p. 283; Granger and Nelson, J. Amer. Chem. Soc., 1921, 43, 1401) 
furnishes a convenient and rapid method of determining the 
hydrogen-ion concentration of solutions having a value of py, less 
than 8. 

The procedure adopted for the purposes of the present investig- 
ation was as follows. A gold electrode (1 x 1 sq. in.) was suspended 
in the liquid (usually about 25 c.c., saturated with quinhydrone), 


he 
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into which was then introduced the capillary tube forming the 
potassium chloride bridge establishing connexion with a saturated 
potassium chloride-calomel half-cell. The resulting potential differ- 
ence was read off on a null-point potentiometer. The liquid was 
titrated with N/10-hydrochloric acid or N/10-sodium hydroxide, 
and the #.M.F.’s were again measured, Hydrogen-ion concen- 
trations were calculated from the observed #.1/.F. by the formula 


i (Leen saan E cvs.) [0-059 . . . . (1) 


the constant for the cell, H,.,, having been determined from 
measurements made with solutions of known pg, namely, N/10- 
hydrochloric acid and buffer solutions of amino-acids plus hydro- 
chloric acid. All operations were carried out in a warm box at 
25°. It was found possible to estimate the acid or alkali in a 
pigmented solution with an accuracy equal to that obtained in a 
titration in presence of an indicator, and, when a solution was 
being titrated to a given H.M.F. end-point, with scarcely any 
increased expenditure of time. Satisfactory micro-titrations were 
carried out with 4 c.c. of liquid by the use of a needle-shaped 
electrode and a micro-burette. 

In the case of solutions having hydrogen-ion concentrations 
appreciably different from that of pure water, the titration readings 
were diminished by a correction equal to the amount of titrant 
required to bring water alone (in absence of solute) to the same 
volume and same hydrogen-ion concentration. In general, two 
methods of titration were employed: either the complete py— 
titration curve was traced, or titrant was run in until a fixed 
arbitrary pg end-point was reached, the corrected volume of titrant 
required being proportional to the amount of titratable substance 
present. 

I. Estimation of Amino-acids. 

The author has recently shown (Proc. Roy. Soc., 1923, [B], 95, 440; 
1924, 95, 500) that amino-acids in solution may be estimated with 
considerable accuracy by titrating the basic and acidic groups with 
acid and alkali, respectively ; the conditions of the titration, py end- 
points, etc., being fixed by considerations based on the application of 
the mass law and the theory of titration, and depending on the K, 
and K, values of the ampholyte. In many cases, various amino-acids 
in a mixture may be estimated individually. For such of these 
titrations as are carried out in acid solution or to an acid end- 
point, the quinhydrone technique for determining pg may be 
conveniently employed: namely, for the estimation of an amino- 
acid by titrating with hydrochloric acid the amino-group or groups ; 
for the estimation of total amino- or basic groups in a mixture; 
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for the estimation of dicarboxylic acids or diamino-acids or histidine 
in a mixture of amino-acids. 

Titration of Glycine—-The results are given in Table I. After 
the addition of the amount of N/10-hydrochlorie acid shown in 
column d to 25 c.c. of M/10-aqueous glycine, the resulting py, as 
calculated by the formula given above, was that shown in column f. 
The correction for the blank was made according to the author's 
formula (loc. cit.) 

$ =.d —.ge/100 . 0, 2. vite: 9) (2) 
where 7 = corrected amount of acid used in titrating to a given py, 
d = uncorrected amount of acid used in titrating to the given pz,, 
g = blank for 100 c.c. (c.c. of acid necessary to bring the solvent 
alone to the given py, and to a final volume of 100 c.c.), and e = total 
volume of titrated fluid at the given py. The blank correction, g, in 
the above equation was read from a curve constructed from my 


formula 
Pu = — log {(«.g)/100N}. . . . . (3) 


where « = extent of ionisation of hydrochloric acid = 0-9 approx., 
and N = normality of hydrochloric acid employed = 0-1. 


TABLE I. 


Titration of 25 c.c. of N/10-aqueous glycine. 
(d). (e). (f). (9). (h). (¢). 


Blank for 
100 c.c. 
C.c. of Total vol. of pyfrom total vol. Blank for Corrected 
N/10-HCl  liquidafter #.M.F. (read from given vol. of 
added. titration. reading. curve). total vol. e. N/10-HCIL. 
e=25+d 
(approx. ). h = ge/100. i=d—h 
0-2 25-2 4-42 — — — 
0:5 25-5 4:07 —_ a — 
1-0 26-0 3-80 — — — 
2-0 27-0 3-49 — —_ — 
4-0 29-0 3°15 — _- — 
10-0 35-0 2-60 —— - — 
15-0 40-0 2-34 5 2 13 
25-0 50-0 1-99 11-5 5:7 19-3 
37°5 62-5 1-62 26 16-25 21-25 
58-3 83-3 1-42 42 35 23-3 
100 125-0 1-25 62 77:5 22-5 
225 250-0 115 80 200 25 


In Fig. 1 the unbroken line represents the theoretical titration 
curve calculated from the formula 


Du = log (K,/Ky) + log{(1 — «)/a} . ”. 


* There is no appreciable dissociation of the ampholyte as an acid at the 
hydrogen-ion concentrations mentioned. 
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where « = fraction of amino-acid converted into hydrochloride ; 
the circled points are the experimental uncorrected values, and the 
squares the experimental values corrected for blank. At the acid 
end of the titration the corrected values tend to lie on either side 
of the theoretical curve rather than to be strictly coincident with 
it, owing to the very large magnitude of the blank corrections; a 
very slight percentage error in reading the correction, g, leading to 
a comparatively large error in the corrected value. For purposes 
of quantitative estimation, therefore, more accurate results are 
obtainable by utilising the data corresponding to the lower section 


Fie 1. 
Titration of 25 c¢.c. of M/10-glycine with N/10-HCI. 


fu, ee | 


to 
‘\ 


i) 


PH p 


5 10 15 20 25 30 
C.c. of N/10-HCI. 
© Observed, uncorrected. (© Observed, corrected for blank. — Theoretical. 


of the titration curve. A method has been described by which the 
upper part may be deduced by algebraic or geometric extrapolation 
(Proc. Roy. Soc., loc. cit.). 

Titration of Valine—A similar method was adopted, and from 
the corrected values the basic dissociation constant of valine, 
hitherto unknown, was determined (Biochem. J., 17, No. 6). 

Estimation of Leucine.—Solutions of leucine of various strengths 
were taken, the potentiometer was set at a fixed reading (corre- 
sponding to a definite py), and standard hydrochloric acid added 
from a micro-burette, until zero deflection was observed. Since, 
by the mass law relation, a given proportion of amino-acid is 


neutralised as hydrochloride at a given pg, the amounts of hydro- 
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chloric acid required were proportional to the quantity of amino. 


acid present. 


TaBe II. 
; ‘ C.c. of N /10-HCl required. 
Quantity of M/10-leucine 4 . 4 
taken. Found. Calc. from (1), 
(1) 10 c.c 2:3 c.c., corr.* — 
(2) » » + 10c.c. aq. a ‘i 2:3 
(3) . yy 15 28 a", ” t 1-15 
(4) By te 1B) gis 0-45 ,, ” tT 0-46 
(5) 1 ”? + 19 ” ” 0 2 ” ”° 0:23 
* Q-1 C.c. correction for blank. } 0-2 C.c. correction for blank, 


Estimation of Histidine.—The dissociation constants of histidine 
are K, = 2:2 x 10°; Ky, = 5:7 x 10°; Ky = 5-0 X 10°, from 
which figures it can be shown that at py 3-8 there is 99 per cent, 
neutralisation of the more strongly basic group, and only insignificant 
ionisation of the more weakly basic and the acidic group. To 
titrate a solution of histidine to pg 3-8 requires, therefore, the 
addition of one molecular equivalent of hydrochloric acid. 

The following results were obtained. 


TaBLeE III. 
N/10-HCl required, 
titrating to Pa 3:8. 
Quantity taken. Found. Ideal. 
20 c.c. M/80-histidine in NaCl—aq (M/40 ca) 2-55 c¢.c. uncorr. 2-5 c.c. 
40 Cc. Cc. M /160- 9° 99 99 ” Me 99 9 2: 6 > > 99 
60 c.c. M /240- ” ” ” 9S 9 ” 2-7 ” ” ” 
80 c.c. M /320- ” ” ” ” _* ” ” 2-7 9 ” ” 
100 c.c. M /400- ” ” ” 92 So ” 2:7 ” ” ” 


All end-points were very sharply defined. 

Estimation of Histidine in a Mixture of Amino-acids.—The 
a-monoamino-monocarboxylic acids are inappreciably dissociated 
in the region of pg 3-°8—4, owing to the low magnitude of their 
dissociation constants, and therefore histidine may be conveniently 
estimated in such a mixture by titrating its more strongly basic 


group to this hydrogen-ion exponent. 
N/10-HCI required, titrating 


to pu 3: “9. 
Mixture taken for analysis. Found. Ideal. 
1 c.c. of M/10-histidine, Kg = 2:2 x 10-° 
Ko, = 5-7 x 10° 
Ki, = 5-0 x 107% 
5 c.c. of M/10-glycine, K, = 1-8 x 107° | 
K, = 2-7 x 1073 | 1-2 c.¢c., 1-0 c.e. 
2 c.c. of M/20-valine, Keg =2 xX 10-%ca) uncorr. 
, =—s' K 10-12 
0-2 c.c. of M/10-leucine, Kg = 1:8 x 107° | 
K, = 2-3 x 107% 
0-2 c.c. of M/10-alanine, Kg = 1-9 x 107° | 
KR =51x108 , 


nino. 
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Titration of Glutamic Acid.—In this dicarboxylic acid, the more 
strongly acidic group is completely ionised as alkali salt in neutral 
reaction; the K,, value deduced from the experimental results below 
is 62 X 10° * and the titration curve ranges from pg 2-21 (1 per 
cent. dissociation) to py 6-21 (99 per cent. dissociation) with p K, 
(mid-point of curve and 50 per cent. dissociation) at pg 4-21. The 
weakly basic amino-group becomes ionised in more acid solution : 
K,=1:3 x 10°2*; 14 x pK, = 2:1; titration end-point for 99 
per cent. neutralisation, pg = 0-1. It follows that these two 
titration curves succeed one another without appreciable inter- 
ference In Fig. 2, DC is the ideal curve for an acid with K, = 


Fia. 2. 
Titration of glutamic acid hydrochloride. 


| 


| | Cc 
ae ' 1 ——— ahaa ee ee 
‘ 5 10 15 20 £42 30 35 40 
C.c. of N/10-NaOH added to 20c.c of M/10-glutamic acid hydrochloride. 
© Experimental, uncorrected. ©) Experimental, corrected. —- Theoretical curves. 


6-2 x 105 and BA that for a base with K,=1-3 x 10°)*%. The 
combined result is the curve AB’C, obtained by summation of AB 
and DC. 

The experimental work was conducted with a solution of J7/10- 
glutamic acid hydrochloride. One volume of N/10-sodium hydr- 
oxide was required for the back titration of the amino-group, that 
is, for the displacement curve AB, corresponding to the reaction 


NaOH 
R-NH,’ + Cl’ —> R:NH, + Na’ + Cl’ + H,0; 


* These values are in good agreement with those determined by Holmberg, 
namely, Kz = 4:1 x 10%; 6:3 x 10°; etc., by catalysis of diazoacetic ester, 
and K, = 1-5 x 10-4, by hydrolysis (Z. physikal. Chem., 1908, 62, 726). 

5R2 
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and a second volume for the neutralisation of the carboxyl group, 
that is, for the titration curve DC, where the reaction is 


NaOH 
R:CO-OH —— R:CO-0’ + Na’ + H,0. 


The experimental results are plotted in Fig. 2. 

The effect of hydrochloric acid on the solvent was corrected for 
in a manner similar to that described above for glycine and should 
be clear from the following table. 


Correction (c.c.). 


C.c. of N/10- C.c. of N/10- Total From curve For given C.c. (corr.) of 
NaOH HCl vol. for total N/10-HC! 
added. remaining. pg. (c.c.). 100 c.c., vol. remaining, 

0 20 1-61 20 27 5-4 14-6 

2 18 1:74 22 20 4-4 13-6 

5 15 1-94 25 13 3°25 11-75 
10 10 2:30 30 6 1:8 8-2 
15 5 2-63 35 2-5 0-9 4-1 
19 1 3:09 39 1 0-39 0-61 


The titration of glutamic acid hydrochloride has not hitherto 
been investigated. 

Estimation of Glutamic Acid in a Mixture of Amino-acids.— 
Glutamic acid mixed with monoamino-monocarboxylic acids was 
readily estimated by titrating to pay = ca. 6-2, at which end-point 
the “neutral”? ampholytes were infinitesimally minutely ionised. 
Thus a mixture of | vol. of M/10-glutamic acid hydrochloride and 
2 vols. of N/10-sodium hydroxide containing 5 c.c. of M/10-glycine 
had py 6-08, whilst the same mixture containing 10 c.c. of 1/10. 
glycine and 2 c.c. of valine had py 6-06. 

The same method may be adopted for the estimation of aspartic 
acid, which has a similar K,, value. 

Estimation of Lysine-—The more strongly basic group in this 
diamino-acid is approximately 100 per cent. neutralised as hydro- 
chloride at py 7 and more strongly acid reactions. The second basic 
group is very feeble (K, = 10-1?) and for its neutralisation the solution 
must be brought to a strongly acid reaction (14 — pK, = 2), whilst 
the carboxyl group is correspondingly feebly acid and becomes 
neutralised as sodium salt only in strongly alkaline solution (pK, = 
10-7). Lysine was accordingly readily estimated by titrating to 
pu 6 to 7, one equivalent of hydrochloric acid being required. 

Estimation of Lysine in a Mixture.—The same procedure applies 
to the estimation of lysine in a mixture of the “ neutral”? mono- 
amino-monocarboxylic acids. 

Estimation of Arginine.—K,, for arginine is of the same order as 
K,, for lysine and the same methods are applicable. 


THE ESTIMATION OF AMINO-ACIDS, ETC. 


‘oup, 


II. Estimation of Acids. 


A number of acids have been estimated, both organic and 
inorganic, strong and moderately weak, with the aid of the quin- 
hydrone electrode. Only in the case of very weak acids, with 
K, < 10°, is the method inapplicable, as titration with sodium 


| for 
nul Fic. 3. 
Titration of acids. 
Scale for HCl titration: C.c. of N/10-NaOH added. 
Jot 0 5 10 15 20 25 30 
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$ Scale for acetic acid titration: C.c. of N/10-NaOH added, 
= I.—Titration of strong acid. Il.—Titration of moderately weak acid. 
) ++ Hydrochloric acid. x x Acetic acid. 


hydroxide in such cases yields alkaline solutions. In Fig. 3 are shown 
the titration curves of (1) a strong acid, namely, a pigmented solution 
of hydrochloric acid, and (2) a moderately weak acid (acetic acid), 
as determined by the quinhydrone electrode. When determining 
the strength of the solution of a given acid it is sufficient to titrate 
to a single predetermined py end-point (that is, until the galvano- 
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meter shows no deflection, the potentiometer being set at a standard 
reading), the amount of salt formed being proportional to the 
amount of acid originally present—the exact ratio salt : acid being 
calculated from the formula pg = log 1/K, + log{«/(1 — «)}, where 
« = fraction of acid neutralised; or the fraction neutralised at a 
given py may be determined from the result obtained by titrating 
a solution of known strength. 

Estimation of Bases.—Alkalis and the strongest bases are estimated 
by adding sufficient hydrochloric acid, the excess of which is titrated, 
For moderately weak bases, the method of direct titration is avail- 
able as described for lysine; as also for very weak bases (compare 
titration of the amino-group in glycine). In the latter case, the 
blank corrections assume an important magnitude. 

The general method is not applicable when substances are present 
which react with the quinhydrone, for example, aniline. 


Summary. 


The quinhydrone electrode furnishes a ready method of estimating 
acids and bases in pigmented solutions where indicators would be 
inapplicable, and of obtaining titration curves with much greater 
ease and rapidity than is possible with a hydrogen electrode. 

The electrode (which is available only for acid solutions) may be 
used for thé estimation of bases of any strength, and for any but 
the weakest acids (K, < 10-6), provided no reaction occurs with 
the quinhydrone. 

Methods have been evolved for the estimation of amino-acids in 
solution, depending on the application of the theory of titration to 
amphoteric electrolytes. The following estimations are described : 
Estimation of an amino-acid by titrating the amino-group; estim- 
ation of the total amino-groups present in a mixture; estimation 
of lysine and arginine or of histidine, alone or in a mixture of 
“neutral ’’ amino-acids; estimation of glutamic (and aspartic) acid 
alone or in a mixture of “neutral” amino-acids (by titration of 
the stronger carboxyl group). 

Two types of procedure have been employed: (1) The complete 
corrected or ideal titration curve has been deduced, each titration 
reading being diminished by the volume of titrant required to produce 
in a hypothetical blank—consisting of solvent alone in absence of 
titratable solute—the same pg and the same final volume. (2) The 
potentiometer was set at a given reading and titrant added until 
zero deflection was attained, the corrected volume of titrant so 
required being proportional to the original concentration of titrat- 
able substance. 
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(CCXCI.—The Chemistry of Polycyclic Structures in 
Relation to their Homocyclic Unsaturated Iso- 
merides. Part V. Orientation in the gem- 


Dimethyldicyclopentene Series. 


By RoBertT CHARLES GRIMWOOD, CHRISTOPHER KELK INGOLD, 
and JOCELYN FIELD THORPE. 


Proor has been adduced by Farmer and Ingold (T., 1920, 117, 
1362) and by Farmer, Ingold, and Thorpe (T., 1922, 121, 128) that 
derivatives of dimethylcyclopentadiene (I) are tautomeric with 
corresponding derivatives of dimethyldicyclopentene (II). So 
mobile is the five-carbon nucleus that substances known to belong 
to either class frequently exhibit the properties of both; for 
example, the oxidation of one and the same substance may lead 
to an unsaturated acid (type III), and also to a cyclic acid (type 
IV), the former derived from the monocyclic and the latter from 


the dicyclic form of the original compound. 


CH:CH ay, ~CH-CH 
(L) CMex<crr-dey CMe arty OL) 
CH==CH CH-CO,H 
au) CMe<co.4 ¢0,H — Set-c0'H — 


A considerable number of compounds of this series were pre- 
pared by Perkin and Thorpe (T., 1901, 79, 729) before the mobile 
character of the five-carbon nucleus was understood, and therefore, 
quite apart from the fact that the nucleus of each such substance 
has now been shown to possess two distinct phases which together 
confer on the compound a dual chemical character, there are certain 
questions of structure, principally relating to the orientation of 
attached groups, which, in the light of the newer knowledge, require 
reconsideration. 

Perkin and Thorpe’s compounds were synthesised by a method 
which indicated the dicyclic constitution (II), and therefore were 
formulated throughout as dicyclic substances. The parent (from 
the preparative point of view) of the series was a sodio-ester, to 
which both of the formule (V) and (VI) must now be assigned, 
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and numerous derivatives of this substance were obtained, either 
by direct hydrolysis, or by methylation and subsequent hydrolysis, 
The nuclear constitution of the direct hydrolysis products has been 
dealt with in earlier parts of this series, and as to the orientation 
of the groups there appears to be no ambiguity. On the other 
hand, the determination of the structure of the methylation pro. 
ducts involves, not only a consideration of phenomena depending 
on the intra-annular tautomerism of the nucleus, but also a special 
problem in orientation, the solution of which forms the subject of 
the present communication. 


C(CO, Et): :C-00,Et (CO, Et). Cs CO,Et 


C(CO,E):C-ONa wens ier Et): C ONa =") 
(4) 


(V.) @CMe,< ¢ 


There are two positions in which the above sodium compound 
might methylate on carbon; namely, position (4), through the 


operation of the 8-ketonic ester group derived from CO,Et*C:C-ONa 
(4) (3) 

in (V), or position (2), through the B-ketonic ester group derived 

from the residue C(ONa):C-CO,Et in (VI). The product might 


(3) @) 

therefore have either formula (VII) or formula (VIII), and it is 
important to note that in either case, since enolisation is rendered 
impossible by the absence of the mobile hydrogen atom, the nucleus 
cannot revert to its quasi-aromatic structure (I or II), and intra- 
annular tautomerism must therefore be suspended. Hence the 
substance is static, and should be capable of being orientated, 
either as (VII), or as (VIII), by the usual methods applicable to a 
static individual. 


((CO,Et)==C-CO,Et £100, ,Et)-CMe-CO, Et 
OMes<care(bo, Et)-CO CMe< (C0, Et)-CO 
(VIL.) (VIII. : 


The importance attaching to the orientation of the methyl group 
in this substance lies in the fact that it is the parent of a consider- 
able series of hydrolysis products all of which have been formulated 
in accordance with Perkin and Thorpe’s assumption that the 
methylated ester has formula (VIII) and not formula (VII). How- 
ever, there is no evidence at present on record proving that this is 
the case, and, were it not so, the chemistry of the whole group of 
compounds would require reinterpretation. 

On hydrolysis by mineral acids, the methylated ester yields an 
acid the structure of which must be represented by formule (IX) 
and (X) if the ester has formula (VII), or by (XI) and (XII) if the 
ester has formula (VIII). In either case, the acid is closely related 
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to the monocarboxylic acid (XIII and XIV) previously investigated 
(Farmer, Ingold, and Thorpe, Joc. cit.), and might be expected to 
undergo similar reactions. 


((CO,H):CH C(CO,H)-CH, ¢(CO,H)-CHMe 
pos aah CMe< taro —-¢ i CMe:< hq —_60 
(TX.) (X.) “) 
C(CO,H):Me O(CO,H):CH GOH ‘H, 
OMe,< oH, aa CMe<oH dq CMe< O 
(XII. ) ah ) (XIV.) 


It will be recalled that the acid (XIII and XIV) was converted 
by nitrosyl chloride into a static oximino-derivative having the 
monocyclic structure (XV). This on hydrolysis yielded a very 
characteristic diketone (XVI), which existed in bluish-red and 
yellow modifications, and on oxidation by hydrogen peroxide passed 
quantitatively into dimethylaconitic acid (XVII). 


(Mle < (COs): TE aay CMe SCORMITE (XVE) HOD 


C(:NOH)-CO --CO 
(XV.) C(CO,H):CH 
Me CO. co,n &Y") 


Evidently a similar series of experiments must clearly distinguish 
an acid having formule (IX) and (X) from one having formule 
(XI) and (XII), for only in the latter case could a corresponding 
chain of reactions occur without extrusion of the methyl group. 

Actually, the results show that the methylated acid has formule 
(XI) and (XII), and not formule (IX) and (X). Like the un- 
methylated acid, it is readily converted into an oximino-derivative 
(XVIII), similar in all respects to the compound (XV). This, on 
hydrolysis, gives a diketone (XIX), which exists in bluish-red 
and yellow modifications and bears a striking resemblance to 
the diketone (XVI)* previously described. On oxidation by 


* Since these 1 : 2-diketones are the five-carbon ring analogues of o-benzo- 
quinone, it is of interest to note that in both cases the red form is the more 
stable, the yellow modification reverting to the red on warming, or on mere 
keeping at the ordinary temperature. Willstitter and Miller showed (Ber., 
1908, 41, 2580) that o-benzoquinone exists in an unstable colourless form as 
well as a stable red modification, and they formulated the isomeric change 


as follows : , sae 
ON /\— 
etme = 
Van V 


(colourless, unstable. ) (red, stable.) 


The analogy suggests the following explanation of the chromoisomerism 


5 R* 
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hydrogen peroxide, the new diketone yields trimethylaconitic acjj 
(XX), the structure of which was placed beyond doubt by it 
general similarity to dimethylaconitic acid * and, secondly, by 
its oxidation to dimethylmalonic acid (XXI) and pyruvic acid 
(XXII). 


aaa C(CO,H): (CO,H):CMe __ 
eared (HNO,) CMe 2S ina “(oh) sp CMe Oat -CO G9) 
(XVIIL.) (XIX.) 
a, C(CO,H): sy CO,H , COMe 
C —_> (M 2 
Meco H H 60, amon Me<SCoo + bon 
(XX, ) (XXI.) (XXII) 


From these results it follows that of the alternative formule 
(VII) and (VIII) for the methylated ester, formula (VIII) is the 
correct one; and, as this is the formula which Perkin and Thorpe 
assigned to the substance, no revision of the series of acids and 
lactones to which it gives rise is necessary. 

Moreover, the fact that methylation of the tautomeric sodium 
compound proceeds in such a way as to give rise to the static 
bridged compound (VIII) provides additional evidence, if any 
were required, that the assumption of a bridged phase is necessary 
to interpret the reactions of this series of compounds. 


EXPERIMENTAL. 


[Note on nomenclature.—All intra-annular tautomeric sub- 
stances are designated by the names of their bridged modifications.] 


which we have observed to occur amongst the corresponding 1 : 2-diketones 
of the five-carbon ring series : 


<a an) oninistitie oe D 
ae ee =: 
Nee =, 
CR, CR, 
(yellow, unstable. ) (red, stable.) 


It is noteworthy that a similar kind of isomerism has not been observed either 
with p-benzoquinone or the analogous 1 : 4-diketones obtained by oxidative 
degradation of the five-carbon nucleus : 


CO co 
c* 
| Il CR, || 
CO CO 
(sole form, deep yellow.) (sole forms, colourless or pale yellow.) 


* A curious property possessed by all the gem-dialkylaconitic acids which 
we have handled hitherto consists in their passing spontaneously or with 
extreme ease into anhydro-acids, all of which crystallise from benzene with 
solvent of crystallisation, which is lost, with disintegration of the crystals, 
on exposure in an evacuated desiccator. 
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The sodium compound of ethyl 5: 5-dimethyldicyclopenten- 
3-ol-1 : 2: 4-tricarboxylate was prepared by Perkin and Thorpe’s 
method (loc. cit.) and methylated by means of an excess of methyl 
jodide (loc. cit.). The methylation product, ethyl 2:5: 5-tri- 
methyldicyclopentan-3-one-1 : 2 : 4-tricarboxylate, was then hydro- 
lysed by alcoholic potassium hydroxide to the potassium salt of 
2:5: 5-trimethyldicyclopentan-3-one-1 : 2-dicarboxylic acid, which 
was further hydrolysed to the monobasic acid in the manner 
described below. 

2:5:5- Trimethyldicyclopentan - 3 - one - 1 - carboxylic Acid.—The 
above-mentioned potassium salt, prepared by Perkin and Thorpe’s 
method, was dissolved in a small amount of water and decomposed 
with 2 per cent. more than the theoretical quantity of concen- 
trated hydrochloric acid. The solution was boiled for ten minutes, 
and then heated at 180° in a closed tube for half an hour. On 
cooling, the monobasic acid crystallised nearly completely, and was 
collected, washed with a little water, and dried. 


Action of Nitrosyl Chloride on 2 : 5 : 5-Trimethyldicyclopentan-3-one- 
l-carboxylic Acid : Formation of Oximino- and Dichloro-derivatives. 
_ 4-Oximino-2:5: 5 - trimethyl - A - cyclopenten - 3 - one - 1 - carb- 
orylic Acid.—The trimethyldicyclopentanonecarboxylic acid (5 
grams) was dissolved in 50 c.c. of dry chloroform, and the solution 
treated at 0° with nitrosyl chloride prepared from 150 grams of 
“chamber crystals’ and 100 grams of sodium chloride. After 
twenty minutes, the pale yellow, crystalline substance was collected, 
and crystallised from boiling water, from which it separated in 
yellow needles which melted with decomposition at 207° (Found : 
C= 546; H=5-5. C,H,,0,N requires C = 54:8; H = 5-6 per 

cent.). The yield was 3 per cent. of the theoretical. 

The oximino-compound gives orange solutions in alkalis, in- 
stantly decolorises cold alkaline permanganate, and gives a red 
solution, containing the diketone described below, on boiling with 
concentrated hydrochloric acid. 

2:4- Dichloro - 2:5: 5 - trimethyldicyclopentan - 3 - one - 1 - carb- 
orylic Acid, CMe, <n ogy! or 4:4-Dichloro-2 : 5: 5-tri- 
methyl-A1-cyclopenten-3-one-1-carboxylic Acid, CMe, <og do - 

2 
—This acid remained in the chloroform solution, and, after the 
oximino-compound had been collected, was obtained by evapor- 
ating the solvent at the ordinary temperature. It separated from 
water in leaflets, m. p. 142° (Found : C = 45-25; H = 4-35; Cl = 29-4. 


CyH,90,Cl, requires C = 45-5; H = 4:2; Cl = 29-5 per cent.). 
5 R* 2 
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This acid was also obtained in the experiment (below) with 
amyl nitrite and hydrogen chloride, and was the sole produc 
which was obtained when a stream of chlorine was used in place 
of nitrosyl chloride in the above preparation. 


Action of Amyl Nitrite and Hydrogen Chloride on 
2:5: 5-T'rimethyldicyclopentan-3-one-1-carboxylic Acid. 


Owing to the small yield of oximino-compound produced by 
nitrosyl chloride, a better method of preparation was sought, and 
one was ultimately found in the process described below, by means 
of which the whole of the oximino-compound required to carry 
out the subsequent stage-by-stage decomposition was prepared. 

4 - Oximino - 2:5: 5 - trimethyl - Al - cyclopenten - 3 - one - 1 - carb. 
oxylic Acid.—The trimethyldicyclopentanonecarboxylic acid (5 
grams), dissolved in 50 grams of dry ether, was treated at 0° with 
7 grams of amy] nitrite and a rapid stream of dry hydrogen chloride, 
The solution at first turned dark green, and then the colour gradually 
changed to pale yellow, and a yellow precipitate separated. The 
solution was now allowed to warm to the ordinary temperature, 
and the precipitate collected and washed with ether. It consisted 
of practically pure oximino-acid, the yield being 30 per cent. of the 
theoretical. 

The Dichloro-acid.—This was obtained on evaporating the 
ethereal solution and crystallising the residue from water. 


Decomposition of the Oximino-compound by Stages to 2:5: 5-Tri- 
methyl-A1-cyclopentene-3 : 4-dione-1-carboxylic Acid, Trimethyl- 
aconitic Acid, and Dimethylmalonic and Pyruvic Acids. 

2:5: 5-Trimethyl-A'-cyclopentene-3 : 4-dione-l-carboxylic Acid, 
Yellow and Bluish-red Modifications—The oximino-compound 
(1 gram) was boiled for two minutes with 10 c.c. of concen- 
trated hydrochloric acid and 4 c.c. of 40 per cent. aqueous 
formaldehyde, The red solution was cooled and repeatedly ex- 
tracted with ethers. The extract on evaporation yielded 0-92 gram 
(nearly the theoretical amount) of a mixture of the two modific- 
ations of the diketone. On warming, the yellow diketone passes 
into the bluish-red form, which melts at 140°; recrystallisation 
from benzene does not alter this melting point (Found: C = 59-1; 
H = 5:3. C,H,,0, requires C = 59-3; H = 5-5 per cent.). 

any-T'rimethylaconitic Acid.—Half a gram of either modification 
of the diketone was dissolved in a slight excess of aqueous sodium 
carbonate and treated gradually at the ordinary temperature with 

“twenty volume” hydrogen peroxide. In the course of ten 

minutes, a quantity of hydrogen peroxide equivalent to one atom 
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of available oxygen was added, and during this period the colour 
of the solution became much paler. A few minutes later, decolor- 
ation was complete and the solution was then acidified with 
hydrochloric acid and extracted with ether. The crystalline 
product obtained on evaporation of the ether (0-5 gram) was found 
to be partly soluble and partly insoluble in boiling benzene. The 
insoluble portion consisted of the tribasic acid and the soluble 
ortion the corresponding anhydro-acid (below). 

The insoluble portion was purified by adding light petroleum to 
its solution in dry ether, and was this obtained as a microcrystalline 
powder, which melted at 120° with evolution of steam and the 
formation of a clear, colourless liquid (Found: C = 49-9; H = 5-2; 
M, by titration, = 216. C,H,,.0, requires C= 500; H=5-4 
per cent.; MM = 216). 

On melting or treatment with acetyl chloride, the acid is con- 
verted into the anhydro-acid. 

tq ©Mes*C(CO,H):C Me —, CMeg*C:CMe-CO,H 4 

The Anhydro-acid, éo—-—0 - bo or &0-0-¢0 ; 
This was deposited from the benzene solution in feathery, flattened 
needles, m. p. 142°. These, when freshly prepared, contained 
benzene of crystallisation, which was gradually evolved on exposure 
in an evacuated desiccator, the crystals becoming opaque and 
friable (Found: C = 53:3; H = 5-6. C,H,,0; requires C = 53-5; 
H = 5-6 per cent.). 

On cooling and acidifying its solution in hot alkalis, the anhydro- 
acid is converted into the original tribasic acid, which may then be 
isolated by extraction with ether. 

Dimethylmalonic and Pyruvic Acids.—A solution of trimethyl- 
aconitic acid (0-5 gram) in aqueous sodium carbonate was diluted 
to 50 c.c., cooled to 0°, and treated gradually with a neutral 3 per 
cent. solution of potassium permanganate while a rapid stream of 
carbon dioxide was passed through the alkaline liquid. The 
colour of the liquid became permanent after the addition of an 
amount of permanganate corresponding with one atom of avail- 
able oxygen, and a further quantity, equivalent to three atoms 
of oxygen, was run in, and the solution allowed to remain in a 
carbon dioxide atmosphere at the ordinary temperature for sixteen 


* These two formule for the anhydride correspond with the fumaroid 
structure for the tribasic acid. There should be two other anhydro-acids 
corresponding with the maleoid acid. We believe, however, that the 
fumaroid constitution of the tribasic acid is placed almost beyond question 
by its formation from a cyclic structure : 

CO,H—C-CMe,°CO CO,H—C—CMe,°CO,.H 


a ae. 
Me—U Go ©) ye C_co,H 
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hours, after which decoloration was complete. The solution was 
treated with steam and filtered, and the manganese oxides wer 
treated twice with steam. The aqueous solutions were combined 
and concentrated, strongly acidified with hydrochloric acid, and 
extracted with ether. The extract on evaporation smelt strongly 
of pyruvic acid, which was isolated in the form of its characteristic 
phenylhydrazone (Found: C = 60:9; H= 5:8. Calc., C = 60-7; 
H = 5-6 per cent.). A second portion of the product was placed 
in an evacuated desiccator over potassium hydroxide until it 
solidified. The solid was crystallised from water, from which pure 
dimethylmalonic acid, m. p. 189°, separated (Found: C = 45-4; 
H = 6-2. Cale., C= 45-4; H=6-1 per cent.). Both products 
were further identified by comparison with authentic specimens. 


We wish to thank the Royal Society for a grant with the aid 
of which the cost of some of the materals used in this investigation 
has been met. 
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CCCXCII.—The Interaction of Primary Amines and 
2-Dithiobenzoyl. 


By Ernest WILSON McCLELLAND and Joun LONGWELL. 
y 


In a previous communication (McKibben and McClelland, this 
vol., p. 170) it has been shown that 2-thiobenzimide (I) is pro- 
duced by the action of ammonia on 2-dithiobenzoyl (II). It 
might therefore be predicted that the reaction between 2-dithio- 
benzoyl and a primary amine would take the course shown : 


(a) ChH,<85>8 + R-NH, —> (a) CoH,<SO>NR + H,S. 


As previously pointed out (loc. cit.), 2-dithiobenzoyl on treat- 
ment with aniline yields the anilide (III; R = Ph) of 2 : 2’-dithio- 
benzoic acid, and not a heterocyclic compound as with ammonia. 
It is to be noted that during the reaction between aniline and 
2-dithiobenzoyl, hydrogen sulphide is continuously evolved, and, 
secondly, that no reaction takes place between 2-dithiobenzoy! 
and substances such as methylaniline and dimethylaniline, which 
have not a primary nitrogen atom. These two facts suggest that 
the sulphur atom of the compound is removed as hydrogen sulphide, 
from which it follows that the first stage in the reaction is neces- 


and 
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sarily the formation of a heterocyclic compound of the type shown 
above (Ia). 


8 s- S- 
OH<Go>NH ©) CHA<GO>S | CHC |, 


The present investigation was therefore undertaken with the 
object of determining if the formation of the disulphide type of 
compound, as a result of the action of primary amines on 2-dithio- 
benzoyl, is of a general nature; and, if so, why ammonia differs 
from its substitution products in its action upon 2-dithiobenzoy]. 

The interaction of aqueous methylamine and 2-dithiobenzoyl 
yields a compound of the disulphide type (III; R=Me). In 
some experiments a substance of lower melting point was pro- 
duced, which, on standing or on treatment with ferric chloride, 
rapidly oxidised to the disulphide. It would therefore seem that 
the mercaptan also is formed. 

Since in the production of 2-thiobenzimide dry ammonia was 
employed, whilst in the methylamine experiment an aqueous 
solution of the gas was used, it seemed probable that the presence 
of water in the reaction mixture was an influencing factor. It has 
been found, however, that when dry methylamine is substituted 
for aqueous methylamine, the end-product is the same. Similarly, 
aqueous or pure propylamine reacts with 2-dithiobenzoyl to yield 
the propyl amide of 2 : 2’-dithiobenzoic acid (III; R= Pr). The 
identity of this compound has been established by its synthesis 
from the acid chloride of 2: 2’-dithiobenzoic acid and propyl- 
amine. 

In all the cases studied, the interaction of 2-dithiobenzoyl with 
an amino-compound results in the formation of the disulphide type 
of compound. A heterocyclic compound of the type shown (Ia) 
could not be isolated. 

The authors take the view that the tendency of the carbonyl 
group to acquire an adjacent hydrogenated atom is the factor 
which determines the end product in these reactions, and further 
that a cyclic compound in which this condition is not satisfied will 
be easily reduced. 

When a primary amine reacts with 2-dithiobenzoyl, the form- 
ation of a cyclic compound as postulated involves a system in 
which the carbonyl group is without an adjacent hydrogenated 
atom. Since hydrogen sulphide is a product of the reaction, the 
easily reducible cyclic compound will necessarily undergo reduction 
to the disulphide, thus accounting for the failure to isolate a cyclic 
compound. The fact that the mercaptan is sometimes obtained 
as well as the disulphide indicates that reduction is taking place 
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in the reaction mixture. The reaction between a primary amine 
and 2-dithiobenzoyl may then be represented as follows : 


C,H,<85>S + RNH,—> O,H,<85>NR =, ay 


In the case of the reaction between ammonia and 2-dithio. 
benzoyl, the analogous cyclic compound, namely, 2-thiobenzimide, 
having an imino-group adjacent to the carbonyl group, will be 
relatively stable towards a weak reducing agent such as hydrogen 
sulphide and therefore can be isolated. 

It has been pointed out by Kenner (Ann. Rep., 1921, 114; see 
also Thole and Thorpe, T., 1911, 99, 2183) that the instability of 
certain cyclic compounds seems to be due to the tendency of the 
carbonyl group to acquire a tautomeric hydrogen atom. For 
example, the condensation of 2-thiolbenzoic acid with acetylacetone 
(T., 1921, 119, 1810) under mild conditions of reaction yields the 
2-acetyl derivative (V), and not the 2: 2-diacetyl derivative (IV); 
whilst under other conditions 3-oxy(I)thionaphthen is obtained. 
Since the latter compound and its acetyl derivative exist to some 
extent in the enolic form, the decomposition of the diacetyl com- 
pound appears to be the result of its tendency to acquire a tauto- 


meric hydrogen atom. 
CUE Ko adc? | CHi<Gg>C(COMe), (Iv.) —> 
00,H CO 
(V.) CoH, <S5>CH-COMe —>C,H,<55>CH, (1) 


It seems therefore that the tendency of the carbonyl group in 
2-dithiobenzoyl to acquire an adjacent hydrogenated atom is 
fundamentally of the same nature. There is no evidence that the 
amides investigated exist in an enolic form. Nevertheless, since 
acid amides show many enolic properties, especially with regard to 
salt formation, it seems reasonable to assume that the presence of 
an adjacent hydrogenated atom will tend to stabilise the system 
in that the affinity of oxygen for hydrogen is partly satisfied. 

It has been pointed out (loc. cit.) that 2-thiobenzimide gives a 
characteristic coloration with alcoholic ferric chloride, which tends 
to show that this compound exists to some extent in the enolic 
modification (VII). If, therefore, the hypothesis which has been 
advanced be correct, a derivative of 2-thiobenzimide, the form- 
ation of which involves the loss of the imino-hydrogen atom, should 
be unstable. This is found to be the case with the acetyl derivative. 
Thiobenzimide on treatment with acetic anhydride yields an acctyl 


mine 


! 
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derivative (VIII), which is hydrolysed by warming with water, 
yielding the original substance. 


S S 
(VIL) CH > C,H. SN (VIII) 
on \e "* |eome 
~< Pre) 
(LX.) cK? SNR C,H | 
| -So-NH |, 


It has been suggested that a cyclic compound of the type shown 
above (IX) will undergo reduction at the point indicated by the 
dotted line. If this be the case, 2-thiobenzimide on reduction 
should yield the amide of 2 : 2’-dithiobenzoic acid (X) or the amide 
of the corresponding mercaptan. Reduction of 2-thiobenzimide 
yields a substance which rapidly oxidises in solution, or on addition 
of ferric chloride, to the amide of 2 : 2’-dithiobenzoic acid, which 
has also been prepared by the action of ammonium hydroxide on 
2-dithiobenzoyl. 

EXPERIMENTAL. 


2 : 2’-Dithiobenzamide (Formula X).—(A) From 2-dithiobenzoyl. 
A solution of 1 gram of 2-dithiobenzoyl in ethyl alcohol was mixed 
with an excess of ammonium hydroxide. After keeping for four 
hours at room temperature, the precipftated sulphur was filtered 
off and the filtrate concentrated: On cooling, 2 : 2’-dithiobenz- 
amide was deposited. The crude material was crystallised from 
glacial acetic acid, from which it was obtained in fine, white needles, 
m. p. 250°. The mixed melting point of this product with that 
obtained from (b) was 250°. 

(B) From 2-thiobenzimide. A solution of 0-3 gram of 2-thio- 
benzimide in glacial acetic acid was shaken with zine dust for two 
hours. The mixture was then heated on the water-bath for a few 
minutes and the undissolved zine filtered off. On addition of 
water to the filtrate, a white substance was precipitated which was 
washed with water and then with dilute hydrochloric acid and 
again with water. This substance, which melted at 145°, was 
dissolved in glacial acetic acid and solid ferric chloride added. 
After standing for a short time, 2: 2’-dithiobenzamide was pre- 


| cipitated by the addition of water and crystallised from glacial 


acetic acid. M. p. 250° (Found: C= 552; H=41; S= 211. 
Cale. for C,,H,,0,N,S,, C = 55:2; H = 4-0; S = 21-1 per cent.). 
2:2'-Dithiobenzamide has previously been prepared by Bind- 
schedler (D.R.-P. 80713) from 2 : 2’-dithiobenzoyl chloride, who 
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gives the melting point of the substance as 239°. The amide as 
obtained above oxidises to o-benzoic sulphinide (‘‘saccharin’’), as 
observed by Bindschedler. 

2 : 2’-Dithiobenzomethylamide (Formula III; R = Me).—An excess 
of methylamine (33 per cent. solution) was added to a solution of 
2-dithiobenzoyl in ethyl alcohol. After standing for twelve hours at 
room temperature, the precipitated sulphur was removed by filtration 
and the filtrate concentrated by evaporation. On cooling, the 
solution deposited crystals of the compound, which after recrystallis- 
ation from ethyl alcohol melted at 221° (Found: C = 57-9; H = 
4:8; S=19-2. C,,H,,0,N,S, requires C = 57:8; H=48; S= 
19-3 per cent.). It was found that the same product resulted when 
dry methylamine, generated by the action of alcoholic sodium 
ethoxide on methylamine hydrochloride, was used instead of the 
33 per cent. solution in the above method. 

2 : 2’-Dithiobenzopropylamide (Formula III; R = Pr).—(A) From 
2-dithiobenzoyl and propylamine. An excess of propylamine was 
added to a solution of 2-dithiobenzoyl in ethyl alcohol and the 
mixture kept over-night. After removal of the precipitated 
sulphur, the mother-liquor was concentrated by evaporation. On 
cooling, a white substance separated out which was purified by 
crystallisation from ethyl alcohol. M. p. 200° (Found: C = 61:7; 
H = 6-2. Cy 9H.,0,N.S, requires C = 61:8; H = 6-2 per cent.). 
The substitution of aqueous propylamine in the above reaction did 
not alter the product. 

(B) From 2: 2’-dithiobenzoyl chloride and propylamine. The 
acid chloride was prepared by the action of phosphorus penta- 
chloride on 2: 2’-dithiobenzoic acid and was used in the crude 
condition. 

One gram of propylamine was placed in a freezing mixture and 
3 grams of the acid chloride were gradually added. The reaction 
mixture was then heated for an hour at 50°, after which a 50 per 
cent. solution of hydrochloric acid was added until an acid reaction 
was obtained. The solid which separated out was washed with 
ethyl alcohol to eliminate an impurity of an oily nature. The 
washings were discarded and the residue was crystallised from 
ethyl alcohol, from which it was eventually obtained in fine, white 
needles melting at 200°. The melting point of a mixture of this 
substance with the product obtained by the action of propylamine 
on 2-dithiobenzoyl showed no depression. 

Acetyl-2-thiobenzimide (Formula VIII).—The acetyl derivative 
was prepared by heating 2-thiobenzimide with an excess of acetic 
anhydride at 100° for one hour. The solution, when cold, was 
diluted with water and the solid which separated out was immedi- 
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ately collected and washed with water. It was found that if the 
solution was heated with water in order to hydrolyse the excess 
of acetic anhydride, the product obtained was mostly 2-thiobenz- 
imide. If the excess of acetic anhydride was not too great, the 
acetyl derivative usually crystallised out on cooling and a further 
quantity was precipitated by the addition of water as above. The 
crude material was purified by crystallisation from glacial acetic 
acid, from which it was obtained in white, needle-shaped crystals, 
m. p. 138° (Found: C = 564; H=3-9; S=16-7. C,H,O,NS 
requires C= 55-9; H=3-65; S—16-6 per cent.). The acetyl 
compound yields 2-thiobenzimide on boiling with water. 


The authors desire to express their thanks to Professors Stewart 
and Smiles for their interest in this work. 
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CCCXCITI.—Studies in Fluorescence Spectra. Part I. 
Some Benzenoid Hydrocarbon Vapours. 


By JosepH KENNETH Marsu. 


In connexion with investigations in progress in this laboratory, 
wherein it is being found that many vapours may be electrically 
stimulated into the emission of a characteristic spectrum (McVicker, 
Marsh, and Stewart, this vol., p. 2147), the author has undertaken the 
measurement of the fluorescence spectra of various organic com- 
pounds in the state of vapour, as, with one or two exceptions, the 
fluorescence of vapours has not been investigated. The present 
paper deals with some of the simple benzenoid hydrocarbons and 
the experimental arrangements. 

Our knowledge of the fluorescence of organic compounds is due 
mainly to Stark and Ley and their pupils, who worked with alcoholic 
solutions of about 0-005 strength, using a silica mercury lamp as 
the source of exciting light. The fluorescence spectra, except in 
the case of some of the hydrocarbons, were found generally to 
consist of a single broad band spreading over wave-lengths imme- 
diately greater than those which the substance absorbs. In the 
case of the absorption spectra of organic compounds, Hartley and 
Purvis have shown that the broad bands of the solution spectra are 
generally resolved into a number of finer bands when the substance 
is in the state of vapour. It might similarly be expected that 
fluorescing vapours would yield spectra showing numerous fine 
bands. To acertain extent this has in fact been realised, but only in 
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the case of some compounds of very simple structure. Thus it will 
be seen later that benzene shows about 100 fine bands, a single 
methyl substituent reduces the number to about 40, whilst an ethyl 
group or two methyl groups almost complete the fusion into one 
broad band, and at the same time the wave-length of the fluorescent 
light is increased. 

Apparatus.—A mercury lamp of the Kromeyer type designed for 
therapeutic use was employed. The burner consists of an inverted 
U-tube, surrounded by a silica bulb. This is placed in a metal 
case provided with a quartz window of about 4 cm. effective 
diameter, and water circulates between the case and the silica 
bulb. In front of the window a diaphragm may be placed into 
which is fitted a quartz condensing lens opposite the brightest part 
of the burner. Thus a narrow pencil of light of great intensity is 
obtained. Part of this lens was blackened so as to leave a trans- 
parent portion about 2 by 1 cm. 

A suitable cell for containing the vapour under investigation 
was constructed by the Thermal Syndicate, Ltd. This consisted of 
a piece of square-section silica tubing about 3 cm. long and 1-5 cm. 
cross-section, one face of which was polished flat. One end was 
closed by a fused-on plate, also of optical quality silica, and at the 
other end a silica tube of round section was attached. The latter 
was closed by a rubber bung through which passed one arm of a 
T-tube. Through this arm passed another tube attached to a 
specially constructed tap-funnel. The silica cell was placed inside 
an asbestos-covered metal cylinder, together with a heating element 
such as is used in electric hot plates, consisting of three sheets of 
mica, round the middle one of which is wound resistance wire. 
By putting this heater in series with a variable resistance, the cell 
could be kept at any desired temperature. By means of the tap- 
funnel, liquid was delivered into the hot cell, where it was volatil- 
ised. The stem of the T-tube acted as the exit pipe for the vapour, 
and to it was attached the side tube of a distilling flask. This 
side tube was bent slightly upwards and acted as an air condenser 
for the vapour, the flask itself acting as receiver. The neck of the 
flask was closed by a rubber stopper bearing a tube attached to a 
pressure gauge and water-pump. 

The cell described had the disadvantage that it could be used 
only at temperatures up to about 140°, as this was the highest at 
which the rubber could be heated without serious decomposition, 
and thus observations have been confined to substances boiling 
below about 220°/760 mm. Another cell has therefore been made 
with a ground joint which it is hoped will be more universally 
useful. Fig. 1 is a diagram of the original apparatus, and inset is a 
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representation of this newer cell, which, although not used in con- 
nexion with any of the substances under consideration in this paper, 
may with convenience be referred to here. Ready access to the 
interior of the cell is necessary for cleaning purposes, for reasons 
given later. 

The spectrograph employed was one of Messrs. A. Hilgar’s size C, 
and most of the plates used were the Imperial Plate Company’s 


Eclipse of H. & TD. 650. 
Fia. 1. 


SSS 


) 


EXPERIMENTAL. 

It was possible to place the end of the observation tube at a 
distance of about 1 cm. from the slit of the spectrograph. The 
unblackened portion of the lens of the mercury lamp was placed 
against the optically worked face of the cell, the beam being directed 
horizontally. ‘The distance between the centre of the lamp burner 
and the cell was not more than 6 or 7 centimetres. To prevent 
stray light entering the slit, the metal case holding the cell was 
treated with black lead, as also was the inside of the round portion 
of the cell, and the top and bottom faces of the square tube and a 
part of the end were blackened with enamel. With these pre- 
cautions and a careful placing of the apparatus, the amount of 
mercury light entering the slit was not deleterious; on the contrary, 
it was of use in calibrating the scale of the instrument. The strong 
mercury lines at 4 = 2803-7 and 2700, however, made observations 
in their immediate neighbourhood a little uncertain in one or two 
instances. On each plate, below the fluorescence spectrum, a 
spectrum of the mercury light itself was taken. 
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At the beginning of an experiment, when the cell had been 
heated to the requisite temperature and the pressure reduced, a 
few drops of liquid were run into the cell to displace the remaining 
air by vapour. Thereafter a slow stream of liquid was allowed to 
enter the cell to ensure that it remained full of vapour, but a flow 
of more than 2 or 3 c.c. per hour was not necessary. As, except 
with substances having appreciable vapour pressures at room 
temperature, there was practically no loss, only a small quantity 
of material was necessary. Unless otherwise stated, all observa- 
tions were made with vapour at a pressure of 12 to 15 mm., obtained 
by the use of a water-pump. For each substance the temperature 
was about the minimum considered necessary to ensure volatilisa- 
tion. 

All observations are to be regarded as qualitative only, as some 
of the govening factors were subject to uncontrollable variation. 
Thus the slit was in such close proximity to the cell that its width 
varied with the expansion of the jaws at different temperatures. 
Another source of very serious trouble was the coating of the window 
of the cell with a yellow film. This occurred to varying extents 
with almost every substance investigated. Sometimes the film was 
nearly transparent, and invisible until scratched. At other times, 
it was yellow or brown and often iridescent, and could be seen cover- 
ing just that part of the window through which the beam of light 
passed. The film was very opaque to ultra-violet light and hence 
destroyed the fluorescence. Long exposures were therefore use- 
less, and the apparatus had to be taken apart and cleaned at 
frequent intervals. After one hour, the efficiency was probably 
greatly impaired and cleaning advisable. In most cases, with a 
slit 0-05 mm. wide, an exposure of three separate hours with the 
rapid plates employed was sufficient to give a satisfactory negative. 


Benzene. 


A note on the fluorescence spectrum of this substance has already 
been published (McVicker and Marsh, this vol., p. 820), but since 
then it has been again examined with the aid of the mercury lamp, 
more rapid plates, and a new spectroscope slit, and much more 
satisfactory spectra have been obtained. A spectrogram was also 
taken with a large prism spectrograph giving a dispersion of about 
20 cm. over the region of the fluorescence of benzene vapour. 
This, however, showed no new bands and clearly indicated that 
there was nothing in the nature of-a linear structure. Many of 
the bands run to a head at one end, but even this does not termin- 
ate with absolute abruptness. 


A 


been 
od, a 
ining 
d to 
flow 


cept 
‘oom 
itity 
TVa- 
ined 
ture 
lisa- 


ome 
ion, 
dth 
res, 
low 
nts 
was 
1es, 
er- 
xht 
ice 
se- 
at 
aly 
a 
he 
ve, 


PART I. SOME BENZENOID HYDROCARBON VAPOURS. 3319 


TABLE [. 


Benzene. 
Group Group Group Group Group Group Group Group Grou 
H. G. F. E. D. C. B. A. a. 
3937 3859 3749 s 3651s} 3552s} 3453 3354) 3254) 


3929 38506 3647 3550 34474 33514 32514 
3922 f 3846—39 3741 3642 f 3541 3442—38 
3862 | 3837 + 3639 b 3536 3436 f 3337 | 3237 | 
3830+ 3734| s 3635s} 3533+ 34344 3335+ 32344 
3821 s 
3816 3724 3624 f 3523) ) 3423 3326 ? Hg 3222) =. 33123 
3813 3622—19 $520 | 
3809 3717| s 361884 3517/4 3417 3318+ 3218 
3803 . 3615—11 
2797 3707 3607—3 3509—5 3411 | 
3795 3504f 3405! f 3204f 3106 
3789 3700 3601—97 3501 + 3400 


3784 3692 3593—90 3493 3393 f 


3778 
3764s 3685—1b 3586 3487?f 3389 3288 
3752 3583—0 3483? 3389—77 
3676 bf 3575f 3473 | (group ?) 32774 
3670 3472 + 3274 3172 
aaa Hg 3165 
3663 3160 
3652 3555 


s = strong, f = faint, b = broad. 
The above grouping is the same as in previous papers (this vol., pp. 646, 818). 
Arrows point in the direction of the sharper side of a band. 


In addition to the ultra-violet spectrum at low pressures, benzene 
was found to emit the three chief heads of the “ blue bands” 
which have been observed with many substances under the influ- 
ence of the Tesla discharge (this vol., p. 2147). At pressures of 
5 or 6 cm. they were not seen, but at pressures of 12 to 20 mm. 
they were always present. Otherwise, between these pressure limits 
very little difference was observable. 

The fluorescence spectrum differs from the luminescence spectrum 
in that it shows more complete series of bands at short wave- 
lengths. Thus the bands tabulated above were produced under 
60 mm. pressure, whilst the bands of groups H and G were found 
only at a pressure of 1-6 mm. in the case of luminescence. 

Benzene being sufficiently volatile, no heating of the observation 
tube was necessary. 


Toluene. 


A pressure of 3 cm. was maintained and a temperature of about 
40°. Below is a table of the bands observed. These were read from 
two different plates and are not all common to both. 
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Tas_e IT. 
Toluene. 

Group G. Group F, Group E. Group D. Group C. 
3831 3748 3648 3549 8 3446 
3824 3741 3642 
3816 3736 
3808 3730 3627 3530 s 3426 
3802 f 3722 

3712 3609—6 3507 
3704 

3697 

3693 3594 

3687 3588 3487 
3681 3584 @ 

3669 

3663 3463 
3659 3559 

3652 


The groups are lettered to show their correspondence with benzene. 


Ethylbenzene. 


The temperature of observation was about 65°. The spectrum 
was much fainter than that of toluene, and only three or four 
bands were found. The eleyated temperature had probably pro- 
duced an appreciable effect, as at 16° and 2—3 mm. the Tesla- 
luminescence spectrum showed seven or eight bands. 


TaBe III. 
Ethylbenzene. 


Start 3758. 3749 f 3721 of 3672 bs 
3649 bs 


o-Xylene. 

Examination was made at 50° and a remarkably strong spectrum 
obtained. This consisted of two narrow bands at 1/4 3731 and 3722 
respectively, and, at 3718, the sharp edge of a continuous region, 
extending to about 1/ 2960, and strongest between 1/2 3583 and 
3525. 

The o-xylene was a sample of Kahlbaum’s, but no purification 
was attempted. 

Mesitylene. 


Here the benzene molecule is symmetrically weighted without 
interference with valency relationships, yet the benzene band system 
is completely upset. Whilst not marked, the spectrum has, how- 
ever, one or two characteristics worth noting. The start is indefi- 
nite at about 1/2 3690—3700; at 3616 there is a faint band and at 
3598. a sudden increase of intensity followed by a slight decrease 
to 3502, where there is another sudden although slight increase. 


2 G2 G9 G&S ©&S G&D 


um 
yur 
r0- 
Ja- 


PART I. SOME BENZENOID HYDROCARBON VAPOURS. 3321 


Thence the intensity is constant to about 3295, and then it dwindles 
to zero at about 1/4 3000. 

Mesitylene was examined at about 100°, and the fluorescence did 
not appear to be very strong. 


Styrene. 

The spectrum at 60° was not strong. It started at about 1/a 
3525, and bands appeared at 3490 and 3483; at 3474 there was 
sudden increase in intensity, whilst a decrease occurred at 3425. 
Between 3413 and 3378 four or five bands were distinguishable, 
but these were too slightly differentiated from the continuous back- 
ground to permit of accurate location. A band was seen at 1/ 
3372 and at 3356 a band stood at the head of a region of increased 
intensity. Two or three more faintly distinguishable bands occurred 
in the neighbourhood of 1/4 3330. The upper limit of the spectrum 
was indefinite, but may be placed at about 1/4 2725. 


Phenylacetylene. 

Four exposures were made with this substance. Two showed no 
spectrum, and two showed a continuous spectrum starting at about 
1/4 3560 with a sudden increase at 3520. The whole spectrum was 
rather faint and the other end was not well defined, as it merged 
into the continuous emission spectrum of stray mercury light, but 
it probably reached to beyond 1/4 2775. Some doubt as to whether 
there was a genuine fluorescence spectrum has been felt but dis- 
missed, and the above is in good agreement with the observation 
of Ley and Englehardt (Z. physikal. Chem., 1910, 74, 1), who give 
the limits for an alcoholic solution at 1/A 2450 and 3550, but they 
regard the intensity as equal to that of benzene, whilst the author 
finds that in the vapour state the intensity is undoubtedly much 
less. 

Discussion of Results. 

Fig. 2 is a diagram representing the chief characteristics of each 
spectrum. The intensities are roughly shown by vertical heights. 
From this figure and through all the foregoing measurements may 
be traced a certain regularity. This can best be seen from Table IV, 
where the intensity heads of the various substances examined are 
given together with the frequency differences between them. 


TABLE [V. 

C,H. C,H,'CH;3. C,H,'C,H;. C,H,(CHs)3. C,H,-CH:CH,. 
3749 3748 3749 
3651 -98 = 3647 10 3649 100 
3552 99 «3549 13 3695 9+ 
3453 99 3446 3598 96 
3354 100 3502 3474 102 
3354 3372 
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This interval, it will be seen, is almost constant and is evidence 
of the benzene ring being the place of origin of the fluorescence. 
Substitution in the ring modifies and may shift the whole position 
of the spectrum without entirely effacing these signs of origin. 
Nevertheless the spectra of substances in the vapour state are found 
to give a very delicate response to slight chemical variations. Thus, 
chemically, benzene and toluene bear the closest resemblance, 
but the spectrum of the latter, whilst undoubtedly closely related 
to that of benzene, is clearly differentiated from it. The benzene 
system as a whole must be involved in a very delicately balanced 
system of vibration. It can then be easily understood that any 
change involving loss of symmetry in the benzene nucleus may 
upset the vibrations of the whole system. This is what is found. 
Much of the fine band system is lost in toluene, and in ethylbenzene 


Fia. 2. 
A=2500 26 27 28 29 3000 31 32 33 34 3500A.U. 
{| i | | -e 
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nh 47. 


nearly the whole. That mesitylene should differ so widely from 
benzene may appear strange at first sight, but this substance must 
in reality be considered highly unsymmetrical. Considering benzene 
as some such dynamic system as Collie has postulated, it will be 
seen that the three methyl groups lie in one plane and the three 
hydrogen atoms in a parallel plane at the extreme phases of the 
vibrational swing, and the molecule is divisible by an intermediate 
plane into two quite unsymmetrical portions. 

It has already been pointed out (McVicker, Marsh, and Stewart, 
this vol., p. 642) that the luminescence bands of groups F and G of 
benzene may be identified with absorption bands observed by 
Hartley (Phil. Trans., 1908, A, 208, 475) in benzene vapour, and 
the further observations recorded above show that this overlapping 
or Fraunhofer effect is of fairly general occurrence. In Table V, 
Hartley’s bands are confronted with fluorescence bands, and if the 
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two spectra overlap it will be found that the bands in the common 
region are in the same position. 


TABLE V. 
Benzene. Benzene. Toluene. 
Absorp- Fluor- Absorp- Fluor- Absorp- Fluor- 
tion. escence, tion. escence, tion. escence, 
Hartley. Marsh. Hartley. Marsh. Hartley. Marsh. 
1/a. 1/a. 1/a. 1/a. 50—30°. 40°. 
3934 3935 3774 3778 A. A. 
3928 3928 3766 2611 2610 
2920 3920 3764 3764 3 bands 
3862 3862 3761 2631 2631 
3859 3859 3754 3 bands 2668 
3850 3850 3752 3752 2671 2673 
3843 3846—39 3751 2676 2676 
3837 3837 3749 3749 2682 2681 
3834 3830 3741 2687 2686 
3826 3738 2690 
3821 3821 3734 3734 2693 
3818 3816 3722 3724 
3813 3716 3717 Ethylbenzene. 
3809 3809 3708 3707 70°. 65°. 
3805 3803 3700 3700 2661 
3798 3797 3691 3692 2667—73 2667 
3794 3795 3683 3685—1 
3789 3656 5 bands o-Xylene. 
3782 3784 3650 3651 45°. 50° 
5 bands 2678 2680 
3621 3622—19 2685 2686 
3617—8 3618 2690 2689 


Any omissions in either set of bands are indicated. 

The fluorescence spectra are always more banded at the end of 
shorter wave-length, and sometimes the only banding is in the 
region of overlap with the absorption spectra. For fine banding 
to be seen in fluorescence spectra, a high degree of symmetry in the 
molecule would appear to be necessary, and this, of course, benzene 
possesses pre-eminently. A preliminary experiment with naph- 
thalene showed some broad bands, and other observers have found 
bands in the spectra of some of the triple nuclear hydrocarbons. 
Experimental difficulties with these high-boiling substances have 
up to the present prevented their examination, and it is doubtful 
if at the temperature necessary for their volatilisation many fine 
bands will be observable, for high temperature would seem to 
have a considerable effect in obliterating them. 


Summary. 
(1) Apparatus for observing the fluorescence of vapours is 


described. 
(2) Measurements of the fluorescence spectrum of benzene, 
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toluene, ethylbenzene, o-xylene, mesitylene, styrene, and phenyl. 
acetylene vapours at about 15 mm. are given. 

(3) The spectra are more complicated than when observed iy 
solution, especially in the case of benzene and toluene. Throughout 
the series a regular rise and fall in intensity may be traced attribut. 
able to the common possession of a benzene nucleus. 

(4) The vapour absorption and fluorescence spectra often over. 
lap and are then found to consist of identical bands. 


The author wishes to acknowledge with gratitude the keen and 


helpful interest of Prof. A. W. Stewart and Mr. W. H. McVicker. 
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CCCXCIV.—Muconic and Hydromuconic Acids. Part 
III. WValency Interchange in the Hydromuconic 
System. 

By Ernest HarRoLtp FARMER. 


In Part I of this series (T., 1922, 121, 2015) dealing with the addition 
of esters to ethyl muconate, it was shown that the addition obtained 
with sodiomalonic and sodiocyanoacetic esters did not agree with 
either of the orthodox types associated with conjugated systems. 
In place of addition of the expected 1: 2- or the rarer 1 : 4-type 
the reaction was in effect of a 1: 3-type which had previously only 
been met with in connexion with glutaconic esters. 


EtO,C-CH:CH-CH:CH-CO,Et-+CH(CN)-CO,Et —> 
Oy Ta OO 
H(CN)-CO, Et’ 


The problem then arose as to whether the symmetrical four-carbon 
system of the muconic esters was such as to render the 1 : 3-addition 
of esters as much the normal mode of reaction as the 1: 2- and 
1: 4-addition of esters in the case of unsymmetrical conjugated 
systems, or whether the structures found were the result of internal 
reorganisation subsequent to addition. 

In consideration of the total lack of evidence then available in 
favour of the latter hypothesis the view was taken that the mobility 
of the muconic system was such as to allow each of the three types 
of addition to take place in suitable circumstances. Steps were 
immediately taken, however, to obtain further experimental 
evidence bearing on the matter. and the investigation of the stereo- 
isomerism of the muconic system (this vol., p. 2531) and the examin- 
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ation of further instances of its chemical reactivity have clearly 
indicated that such a conception of the internal mobility of the 
syumetrical four-carbon system can no longer be sustained. In- 
deed it has become very plain that the muconic system is static 
and does not differ essentially from the ordinary variety of ethylenic 
compound; further, whatever the cause of the unusual configur- 
ation of the additive products it is not to be sought in the internal 
mobility of the conjugated system. 

Such a conclusion necessitates the adoption of the alternative 
explanation that the cause of the particular configurations obtained 
is to be sought in the nature of the additive products themselves ; 
that the yalency arrangement must be the result of internal re- 
organisation, possibly attributable in some measure to the experi- 
mental conditions, but subsequent to addition of usual type. Since 
the possibility of 1:4-addition is ruled out by the experimental 
evidence, the process may be represented thus : 


Et0,C-CH°:CH-CH:CH:CO,Et —> EtO,C-CH:CH:-CH-CH,°CO,Et 


(L.) GH(CN)-CO,Et 
EtO,C-CH,‘CH,’0:CH-CO,Et 
(I1,) H(CN)-CO, Et’ 


The initial 1 : 2-addition * yields a substance (I) which contains 
both a dihydromuconic and a glutaric system. Now, the tendency 
for a glutaric system to become a glutaconic system is well known, 


but such a procedure in this case would involve movement of 


the double bond from the «f$- to the yé-position, bie aes 


a ig This configuration once attained, however, would be 
likely to prove stable. The possibility of such an explanation 
was realised from the first and apparently it was in this direction 
that Lapworth and McRae were pointing when in the course of 
their remarks on the constitution of aliphatic alkylidenecyano- 
acetic esters (T., 1922, 121, 2748) they directed criticism at the 
original suggestion. The subject with which these authors were 
concerned, however, the establishment of «$-unsaturation in the 
free esters, contributed little towards the elucidation of the problem 
of the migration of the double bond from the «8- to the yé-position, 
a process in which the first step, the «8, Sy-change, presented the 
greater difficulty. The process, which is no doubt closely related 


* Evidence in support of an initial 1: 2-addition was obtained in con- 
nexion with another investigation (this vol., p. 3334), in which a process of 
additive ring formation, not admitting of a8, yi-change, was secured at the 
1; 2-position of a muconic system. 
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to the By, «f-change in unsaturated acids, is intimately connected 
with the potentialities of the hydromuconic system—a_ subject 
little investigated hitherto. 

The conversion of As-dihydromuconic acid into its A*-form was 
accomplished by Rupe (Annalen, 1890, 256, 26) in the usual way, 
but numerous repetitions of his experiments failed to secure such 
a complete transformation by use of alkalis as his brief description 
suggests; indeed the similarity of the various products strongly 
suggested the attainment of an equilibrium between the two forms, 
Examination of the possibility of converting the esters of the 
A8-acid wholly or partly into their A*-forms led to interesting 
results. 

When Aé-dihydromuconic ester is heated with an alcoholic 
solution of sodiomalonic ester, addition occurs precisely as though 
the double bond were in the «$-position. The reaction proceeds 
to completion, no trace of dihydromuconic acid being recognisable 
on hydrolysis : 

Et0O,C-CH,*CH:CH-CH,°CO,Et-+CH,(CO,Et), —> 
Et0O,C-CH,°CH,°CH-CH,°CO, Et 
(II) — CH(CO,Et), 


The additive product (III) yields on hydrolysis an isopentanetetra- 
carboxylic acid ([V) which readily loses carbon dioxide to yield 


the tricarboxylic acid (V). Accompanying the ester (III) is a 
HO,C-CH,°CH,°CH-CH,°CO,H HO,C-CH,°CH,°CH:CH,°CO,H 
(Iv.) H(CO,H), (V.)  CH,-CO,H 


quantity of a ketonic ester formed as the result of an internal 
Dieckmann condensation on the latter and probably represented 
by formula (VI). From the cyclic ester the corresponding cyclo- 
pentanoneacetic acid (VII) is obtained on hydrolysis. Thus if it 


Et0,C-CH-CH, CH,°CH, 
(VI.) CO< CO { (VIL) 
EtO,C-CH-CH-CH,°CO,Et CH,°CH-CH,*CO,H 


be assumed that the addition occurs at the «8-double bond as is 
usually the case, the change of the Aé-ester into its A¢-form is 
complete under the conditions of the experiment. The rapid 
molecular change appears to be an effect consequent on the pres- 
ence of alcoholic sodium ethoxide, and it seemed probable that by 
the action of the latter on the Af-ester, in the absence of other 
reagents, considerable or complete transference into the A*-form 
might result. Actually, however, such change, which aimost 
certainly occurred, was masked by the addition of the elements 
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of alcohol at the double bond, the dihydromuconic ester com- 
pletely disappearing to produce, in the case of methyl dihydro- 


CHCH,CO,R _, QH,-CH,CO,R _, CH,CH,COR yr) 
UH-CH,-CO,R CH:CH-CO,R CH(OR)-CH,-CO,R 


muconate and sodium methoxide, methyl §-methoxyadipate 

(VIII). From this the corresponding methoxyadipic acid (IX) 

and lactonic acid (X) were obtained on hydrolysis. 
MeO:CH-CH,°CO,H HO,C-CH,°C 


(IX.) “Ne X) 
H,-CH,CO,H OH,:CH,*CO 


The recent work of Birch, Kon, and Norris (this vol., p. 1361) 
on the «8, By-change as manifested in cyclohexenylacetone and 
cyclohexylideneacetone indicates very clearly that the factor which 
is responsible for the rapid mobility of such systems is sodium 
alkyloxide, although the same changes, differing only in velocity 
and degree of completion, probably occur with reagents such as 
piperidine. The tautomerism described by these authors is essen- 
tially a tautomerism in sodium ethoxide solution and an expression 
of reversible reaction. Without considering the tendency towards 
equilibrium which probably exists in greater or less degree between 
most free «f-unsaturated ketones and esters and their By-isomerides, 
it appears certain that the reversible change «CH: 6-CH,°CO-CH, == 
‘CH,C:CH:CO-CHg, which is regarded as taking place through the 
conjugated forms ‘CH:C-CH:C(OH)-CH, and -CH,°C:CH: C(CH,):0, 
is capable of being driven one way or the other in the presence of 
sodium ethoxide by adding an appropriate reagent. The move- 
ment of the equilibrium in favour of the Sy-form is in most cases 
difficult to demonstrate directly and in the case of cyclohexylidene- 
acetone was shown by effecting methylation. In view of the 
obscurity of the relation between acidity and enolisation, the 
non-formation of a methylated derivative by any particular «$-un- 
saturated ketone cannot be regarded as evidence that the enolic 
form (By-) does not exist in equilibrium with its tautomeride in the 
presence of sodium alkyloxide. 

The capacity of carbethoxyl groups to enolise is a matter of 
considerable uncertainty. Assuming that sodium is attached to 
oxygen in those esters which yield definite sodio-derivatives, the 
cases in which carbethoxyl groups are sufficiently acidic to yield 
such salts are those in which conjugation is secured by the par- 
ticipation of both ketonic (cyano-, etc.) and enolic groupings as in 
malonic and glutaconic esters: EtO-(ONa)C°CH-C(OEt):O and 
Et0-(ONa)C:CH-CH:CH:-C(OEt):O. Experiment has shown that 
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Af.dihydromuconic ester, which might be written in the conjugated 
forms RO-(OH)C°:CH-CH:CH’CH,°C(OH):0 and 
RO-(OH)C:CH-CH:CH-CH:C(OH)-OR, 

cannot be methylated, and in the presence of sodium alkyloxide— 
although how far the change is dependent on the manifested 
tendency to add the elements of alcohol is uncertain—the #y-un- 
saturation disappears in favour of the af-phase. Nevertheless, 
even in such cases it appears certain that where subsidiary reactions 
do not interfere, the ®y-form exists in the presence of sodium 
alkyloxide in equilibrium with the probably greatly preponderating 
«@-form. 

If this is so, the symmetrical A8-dihydromuconic system presents 
a case in which two such equilibria are connected. Representing 
the respective phases by the prefixes indicating the position of the 


a é 
double bond, >. Squibtoriaym in the system CECC may be stated, 
a == By = 7. 

It should therefore be possible in a suitably substituted dihydro. 
muconic ester to secure recognisable movement of the double 
bond from the «- to the «’-position, and such a case the author 
believes the additive products of ethyl muconate to represent. 
In the muconic system the By-phase cannot exist and the system 
is static. When, however, addition has occurred, the system is 
no longer locked; there comes into play a system of connected 
equilibria in which, although the tendency to the By-form be small, 


a ) 
Et0,C-CH:CH-CH-CH,-CO,Et 
8CH(CN)-CO,Et 
EtO,C-CH,-CH: x CH,-CO,Et EtO,C-CH,*CH,-C:CH-CO,Et * 
H(CN)-CO,Et > GH(CN)-CO,Et 


equilibrium is established when conversion into the yé-form is 
almost complete. The equilibrium represented by py=—yé is, of 
course, identical with the reversible «8, By-change which the work 
of Kon and his collaborators (loc. cit.; this vol., p. 2440) has shown 
to characterise the alkylidenecyanoacetic esters; but where con- 
ditions are suitable the reversible «6, By-change is just as capable 
of manifestation when the activating group is carbethoxyl as when 
it is a ketonic, cyanoacetic, or malonic group. In short, the differ- 
ence in the nature of the activating group affects the position 
rather than the possibility of equilibrium. 


* It is not intended in the present paper to distinguish between the 
alternative positions of the double bond inside the cyanoglutaconic system; 
the position which applies to the sodio-derivative of the ester is here 
represented. 
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EXPERIMENTAL, 

Addition of Ethyl Sodiomalonate to Ethyl A®-Dihydromuconate. 

Ethyl Butane-«5-dicarboxylate-8-malonate (Formula III).—A well- 
shaken mixture of ethyl malonate (16 grams), a solution of sodium 
(3 grams) in absolute alcohol (35 c.c.), and ethyl A®-dihydro- 
muconate was heated on a steam-bath for four hours, cooled, and 
poured into water. Extraction of the aqueous alkaline liquor 
with ether yielded a neutral ester which, after drying and distilling, 
was obtained as a colourless oil, b. p. 213°/15 mm. This substance, 
which gave no coloration with ferric chloride and represented the 
result of a simple additive process, constituted about 50 per cent. 
of the total yield (Found: C= 56-59; H = 7-69. C,;H,,0, 
requires C = 56-66; H = 7-77 per cent.). 

Ethyl eycloPentan-1-one-2 : 5-dicarboxylate-3-acetate (Formula VI). 
—The alkaline liquid (above), after removal of the neutral ester, 
was acidified and extracted with ether. The ethereal extract was 
well washed with water and sodium carbonate solution, which 
removed that portion of the material (about 25 per cent.) which 
had suffered partial hydrolysis during the reaction. The ester 
still remaining in the ether was worked up in the usual way and 
was obtained as a colourless, mobile oil, b. p. 210°/16 mm., which 
gave a deep blue colour with ferric chloride and dissolved readily 
in caustic alkali. The ready formation of this substance, which 
cannot be other than a cyclic ketonic ester, not only affords a 
further illustration of the ease of closing five-carbon rings, but also 
indicates a suitable way of preparing cyclopentan-l-one-3-acetic 
acid. Yield about 25 per cent. (Found: C = 57-51; H = 7-04. 
C;;H 0, requires C = 57-32; H = 7-01 per cent.). 

The acidic oil obtained from the sodium carbonate washings 
gave a blue coloration with ferric chloride. A portion of it was 
hydrolysed to ascertain whether it contained any ethyl hydrogen 
hydromuconate. This was not the case; the conversion of the 
original ester into additive derivatives appeared to be complete. 

Butane-«8-dicarboxylic-B-acetic Acid.—Ethyl] butanedicarboxylate- 
malonate was boiled with dilute sulphuric acid (25 per cent.) until 
the ester had completely dissolved. Extraction of the cooled 
solution yielded a pale yellow syrupy acid which from its basicity 
evidently represented butane-ad-dicarboxylic-B-malonic acid. This 
acid, on heating with water in a sealed tube at 180° for thirty 
minutes, lost carbon dioxide, thereby suffering conversion into a 
tribasic acid. The latter, which soon crystallised out after its 
aqueous solution had been evaporated to dryness, was obtained.as 
a coarsely crystalline, white powder (m. p. 123°) after twice re- 
crystallising from ether [Found: C = 46-70; H = 6-00; MM (tri- 
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basic) = 205. C,H,.0, requires C = 47-06; H = 5-88 per cent.: 
M = 204]. 

cycloPentan-1-one-3-acetic Acid.—The best conditions for obtain- 
ing this acid by hydrolysis of the cyclopentanonedicarboxylicacetic 
ester obtained above were not worked out, As in the production 
of its isomeride, cyclopentan-l-one-2-acetic acid, from ethyl cyclo. 
pentan-l-one-2-carboxylate-2-acetate (Kétz, Annalen, 1906, 350, 
229), the yield of the syrupy decarboxylated acid obtained by use 
of dilute sulphuric or hydrochloric acid was rather poor. For 
analysis, the acid was converted into its semicarbazone, which 
crystallised from concentrated aqueous alcoholic solution in white 
flakes which melted with decomposition at 199° (Found: C = 48-4; 
H = 6-83. C,H,,0,N, requires C = 48-24; H = 6-53 per cent.), 

Action of Sodium Alkyloxide on A®-Dihydromuconic Esters. 
Attempted Methylation of Methyl A®-Dihydromuconate.—Methy] 
dihydromuconate (25 grams) was added to a solution of sodium 
(3-3 grams) in methyl alcohol (40 c.c.). On pouring excess of 
methyl iodide into the deep red solution so obtained, sufficient 
heat was developed to bring about energetic ebullition. After 
heating on a steam-bath for two hours, the product was poured 
into water. The ethereal extract of the aqueous liquor contained 
an oil which, after removal of a small acidic portion by sodium 
carbonate, was found on isolation and fractionation to consist 
mainly of a colourless, mobile liquid, b. p. 137°/17 mm. A small 
quantity of a viscous, yellow oil (b. p. about 240°/17 mm.), formed 
apparently by intermolecular condensation of dihydromuconic 
ester, was also obtained. The colourless oil, which was thought 
at first to represent a methylated product, was ultimately identified 
by reason of its ready transformation into the derivatives described 
below as methyl 8-methoxyadipate (Found: C = 53-03; H = 7°78. 
C,H,,0, requires C = 52-94; H = 7-84 per cent.). 

When the ester was heated at 100° with a saturated solution of 
hydrogen bromide in acetic acid in a sealed tube, almost quanti- 
tative conversion into $-bromoadipic acid occurred. This acid 
was obtained in crystalline form on evaporation of the solvent. 
Recrystallisation from acetic acid or ether yielded colourless prisms, 
m. p. 147°. Direct comparison with authentic specimens prepared 
by addition of hydrogen bromide to A*-dihydromuconic acid estab- 
lished the identity of the bromo-acid (Found: Br = 35-62. Calc., 
Br = 35°55 per cent.). 

8-Methoxyadipic Acid.—When methyl £-methoxyadipate was 
boiled with dilute sulphuric acid until solution was just effected, 
the resulting acid was obtained as a colourless syrup which soon 
solidified. Longer boiling yielded a mixed product which under- 
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went partial solidification on standing for a week. The solid in 
each case, after recrystallisation first from benzene and then from 
concentrated ethereal solution, was obtained in colourless, pris- 
matic nodules, m. p. 88—89°. This was $-methoxyadipic acid 
(Found: C= 47-72; H=6-76; M=177. C,H,,.0; requires 
C= 47-72; H = 6-82 per cent.; IM = 176). 

Lacione of 8-Hydroxyadipic Acid.—The syrupy acid formed by 
prolonged hydrolysis of 8-methoxyadipic ester could not be obtained 
in solid form. It was therefore distilled to separate small amounts 
of dissolved methoxy-acid and was thus obtained as a colourless 
syrup which on analysis gave figures closely approximating to those 
required for the lactone of @-hydroxyadipic acid. The correctness 
of this identification was further borne out by its basicity (mono- 
basic) and its conversion, under the conditions described above, 
into B-bromoadipic acid. A substance obtained in very small 
amount by Leuchs and Mobis (Ber., 1909, 42, 1233) was described 
as a lactone of $-hydroxyadipic acid. Although two forms of the 
lactone are theoretically possible, the description suggests that the 
substance was actually the isomeric A*-dihydromuconic acid. 

Action of Sodium Methoxide on Methyl A&-Dihydromuconate.— 
Mixing of a cold absolute methyl alcoholic solution of sodium 
methoxide and methyl As-dihydromuconate in equimolecular 
proportions led to some development of heat and the production 
of a deep red solution. If this solution, after standing for some 
minutes, were poured into water, the liquor extracted with ether, 
and the product worked up in the usual way, it was found that the 
ester had undergone complete alteration. It no longer yielded any 
appreciable quantity of A®-dihydromuconic acid on. hydrolysis with 
dilute sulphuric acid, but was converted into the B-methoxyadipic 
acid described above. Similar effects were obtained with the 
corresponding ethyl esters. Further, the method by which muconic 
esters were obtained by the addition of the requisite quantity of 
alcoholic sodium alkyloxide to $$-dibromoadipic esters was useless 
when applied to the preparation of A*-dihydromuconic esters from 
8-bromoadipic esters; a considerable removal of the hydrogen 
bromide was effected, but the dihydromuconic ester underwent 
change so soon as produced. 


The author desires to express his thanks to Professor J. F. Thorpe 
and Dr. C. K. Ingold for their interest in this work, and to the 
Chemical Society for a grant which has defrayed a considerable 
portion of the expense incurred. 
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CCCXCV.—Experiments on the Synthesis of Sub- 
stances Possessing the Ladenburg Formula. 
Part I. Associated Three-carbon Ring Systems. 


By Ernest Haroutp FARMER. 


WHEN, a few years ago, Beesley and Thorpe (T., 1920, 117, 591) 
synthesised a closed associated ring-system of the “cage” type, 
it seemed that this would be the first of a series of substances of 
similar nature. Since then no further example seems to have been 
obtained, although it is probable that many such compounds are 
capable of existence and there is one such structure, that repre. 
sented by the Ladenburg formula, which is of particular interest 
in view of the part it took in the controversy concerning the con- 
stitution of benzene. The attention of the author was directed by 
Professor Thorpe towards the problem of synthesising a substance 
derived from the hydrocarbon represented by formula I, and many 
experiments have been made with this ultimate object in view. 

In building up such a substance from non-cyclic materials two 
main processes are involved: the closing of four-carbon and of 
three-carbon rings. According as one or the other operation is 
first performed, it appeared that the process must necessarily 
proceed by way of a six-carbon skeleton of one of the types (A), 
(B), and (C). The consideration of these types in the light of 


HC———CH C. A 
| CH | C C ; 
| | | | (A.) So-ed (B.) 
HC-|--~CH C.| A ', a 
CH C 


present knowledge concerning the difficulty of formation of four- 
carbon rings, the instability of three-carbon rings, and the tendency 
of associated ring-systems such as norcaradienecarboxylic acid to 
undergo isomeric change, made it obvious that for the present the 


HO,CHOC TH dar —> Ho,c-Ho<CH CH. fH 


CH:°CH:CH CH-CH:-CH 


production and study of one or more of these intermediate six- 
carbon structures must be an aim in itself. Although the possi- 
bilities of each of these methods of procedure has been to some 
extent explored, the present paper deals mainly with the formation 
of substances of the type (C). It is impossible to forecast the ease 
or difficulty with which substances of this type may be converted 
by joining one of the pairs of carbon atoms denoted in the diagram 
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by the signs * *, into substances of the type (B), or by union of 
both pairs into the “prism” structure (I). If figures for such 
tendencies in the carbon skeleton could be calculated on the lines 
of Ingold’s “‘ Figures of Formation” (T., 1921, 119, 395) such 
figures could scarcely apply in practice owing to the experimental 
necessity of introducing heavy, unbalanced, substituent groups. 
Further complications arise from the latter in the way of stereo- 
isomerism. 

In view of the ready formation of three-carbon rings from sub- 
stituted glutaric acids, and the wealth of experimental detail 
concerning the process to be found in the literature, the substance 
which suggested itself as eminently suited to the present purpose 
was s.-ethanetetra-acetic acid, (CO,H*CH,),CH*CH(CH,°CO,H), 
(II). All attempts, however, to synthesise this acid from such 
substances as muconic acid, B-bromoglutaric acid, and 68’-dibromo- 
adipic acid were unsuccessful. From the ester of the last acid, 
however, was obtained one of a class of substances which it was 
desired to examine in connexion with the synthesis of substances 
of type (B). The reaction between ethyl 68’-dibromoadipate and 
ethyl sodiomalonate resulted mainly in the loss of hydrogen bromide 
by the former, the muconic ester produced subsequently under- 
going further transformation, owing to the occurrence of an additive 
reaction of the Michael type; yet, when the reaction was carried 
out at a higher temperature with sodiocyanoacetic ester in place 
of the sodiomalonic ester, addition of the Michael type did not 
occur or only to an inappreciable extent. The main product was 
again muconic ester, but the subsidiary product, carboxycyano- 
cyclopropanediacetic ester,* (III), was probably formed according 
to the scheme below. On boiling the cyclic ester with strong 


EtO0,C-CH,CHBr waozs EtO,C-CH,°CHBr 
Et0,C-CH,-CHBr > Et0O,C-CH:CH 
Et0,C-CH,‘CHy, . <ON na“ HO,C-CH,-CH-——0 
Et0,C-CH,-CH CO,Et ~~” HO,C-CH,°CH-CH,°CO 
(III.) (IV.) 


hydrochloric acid, fission of the cyclopropane ring occurred, yielding 
a lactonic acid probably represented by (IV). In this connexion 
may be mentioned certain other cyclopropaneacetic acids which 
have been prepared in the course of the search for a suitable starting 
material for the preparation of tricyclohexane derivatives (type B). 
By bromination and esterification of methylmethanetriacetic acid 
(V), a monobrominated acid ester (VI) was obtained which on 


* An analogous substance could not be obtained by the action of ethyl 
diazoacetate on ethyl Aé&-dihydromuconate. 
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treatment with concentrated aqueous caustic potash yielded the 
bridged acid (VII). Of the three stereoisomeric forms (two meso 


Me(CH,‘CO,Et), yz.) 
HBr-CO,H 
/PH(CO, H)7 


_ CMe-CH,°CO,H 
(VII.) HO,C-CH MeC<-CH,°CO—O (VIIL.) 
, SG. ‘CO,H ~ CH,*CO,H 


(V.) OMe(CH,-CO,H), 


and one racemic) which are theoretically possible for this substance, 
two were isolated in a state of purity, the third, which was probably 
present, being inseparable from small amounts of a gummy lactonic 
acid probably represented by (VIII). In dealing with all such 
substances, the difficulty was not one of securing reaction of the 
desired type, but of obtaining the required products in adequate 
yield. Up to the present, this has only been achieved for materials 
required for the synthesis of substances of type (C). 

Of the methods recorded in the literature for producing cyclo- 
propane rings, there are three that lend themselves to the production 
of a double cyclic system; the addition of diazoacetic ester or 
diazomethane to such substances as benzene and fumaric ester has 
frequently been made use of, whilst in other cases the same result 
has been obtained by the action of sodiomalonic ester on the esters 
of «®-dibrominated or «8-unsaturated-«-brominated acids. The 
application of the diazoacetic ester reaction to muconic esters was 
unsuccessful, reaction proceeding only at high temperatures to 
yield viscous materials unrecognisable as products of the usual 
type. The employment of ethyl ««’B8’-tetrabromoadipate was 
vitiated by the loss of bromine by reduction which resulted in the 
formation, amongst other products, of ethyl muconate and ethyl 
ethanetetracarboxylate. When, however, the third method was 
used, addition of the required type proceeded smoothly. ‘The 
formation of a cyclopropyleyclopropane system (IX) rather than 


CH: 
CO,R-CCl ‘ CCI-CO,R —__, COAR-HC. cg <i CO,R 


HCH 2C. simas00ch) 2 (CO ,R),C7 c(CO, R), 


(IX.) 


of a cyclopentadiene ring (X) under conditions precisely similar to 
those used by Perkin and Robinson (T., 1921, 119, 1292) for 
obtaining the corresponding saturated compound (XI) from ethyl 
aa’-dibromoadipate, is in keeping with the failure of all the author's 


CH:CH-CO,Et CH,-CH-CO,Et 
(X.) | >C(CO,Et), |  >C(CO,Et), (XI) 
CH:CH-CO,Et CH,-CH-CO,Et 
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attempts to obtain even traces of cyclopentadiene or cyclopenta- 
dienone derivatives from muconic acid. It seems remarkable that, 
although substances such as thiophen, pyrrole, and furan are 
readily obtained from 1: 4-diketones, the preparation of their 
homocyclic analogues directly from butadiene derivatives presents 
great difficulty. 

The preparation of isomeric methyl and ethyl dichloromuconates 
in quantity was described in a recent communication (this vol., 
p.2544). Since the process of additive ring formation in each half 
of the halogenated muconic molecule almost certainly takes place 
in two stages, a Michael addition rendering free rotation possible, 
followed by ring formation, it is not surprising that the same 

CCI-CO, Et a. CHCI-CO,Et CH-CO,Et 

‘CH malonate’ *CH-CNa(CO,Et), 7 -CH>C(CO,Et), 
product is obtainable from two stereoisomerides. Thus the two 
methyl a«’-dichloromuconates (probably representing cis-cis- and 
trans-trans-forms) yielded one and the same solid methyl cyclo- 
propyleyclopropanehexacarboxylate, and the two ethyl dichloro- 
muconates, one corresponding ethyl ester. These esters were 
beautifully crystalline substances and were produced in yield of 
about 25 per cent. They were not, however, the only substances 
formed. Whenever the reaction was carried out with one or other 
isomeride of either series, the appropriate solid ester was accom- 
panied by an extremely viscous liquid isomeride. Although these 
liquids could readily be obtained in a state of chemical purity, 
their stereoisomeric homogeneity is doubtful. Addition of malonic 
residues to the chloromuconic system probably takes place on the 
same and on different sides of the plane of the double linkings in 
different molecules, yielding position isomerides of the types (XII) 
and (XIII) as well as stereoisomerides of both types. The deter- 


Z Soxx 


(X IIT.) 
| Ccxx 
HC7-cxx Hc“>cHX 


mination of the configuration of the different isomerides, although 
of considerable interest and having an important bearing on the 
| last stages of the synthesis of a closed associated ring system, yet 
| offers in these esters and their corresponding hexacarboxylic acids 
| very great experimental difficulty and has not been attempted at 
| this stage of the investigation. 

The solid methyl and ethyl hexacarbexylic esters (IX) yield on 
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hydrolysis with alkali a crystalline sodium salt from which the 
hexacarboxylic acid, (HO,C),!C;H,°CsH,i(CO,H)s, is easily ob- 
tained. This acid, which is procurable in very pure condition 
and in reasonable quantities, shows extraordinary stability towards 
bromine and alkaline permanganate. It loses carbon dioxide on 
heating above its melting point, but at the same time suffers con. 
siderable ring-fission. Heating with water in a sealed tube gives a 
better result, although in this case also some fission results and the 
difficulty of the economical separation of the products has not yet 
been satisfactorily surmounted. Nevertheless, specimens of the 
pure tetracarboxylic acid (XIV) have been obtained, but the con- 
figuration of the substance is not yet known. The further 
examination of the tetracarboxylic acids derived from both liquid 


CHX 
HO—cHX 

(XIV.) | op 
HOZSCHX 


x —= CO,H 
and solid esters with the object of isolating the form (XV) is now 
in progress and it is hoped to describe these substances more fully 


at a later date. 
EXPERIMENTAL. 


Action of Ethyl Sodiocyanoacetate on Ethyl 88’-Dibromoadipate. 

Ethyl cycloPropane-1 : 1-dicarboxylate-2 : 3-diacetate-—The bromo- 
ester and ethyl sodiocyanoacetate (2 mols.) reacted quickly in cold 
alcoholic solution. The mixture was heated on a steam-bath for 
five minutes to complete the reaction, poured into water, and 
worked up in the usual way, the product consisting almost entirely 
of cyanoacetic and muconic esters; the amount of condensation 
was insignificant. In boiling solution, however, a much larger 
proportion of condensation product formed. This was obtained 
on fractionation as a colourless, rather viscous oil, b. p. 222°/21 mm., 
quite different from the substance resulting from an additive 
reaction of the Michael type, and on account of its properties it 
must almost certainly be represented by formula III. The small 
yield of the compound, however, rendered its employment in 
quantity as a basis for further synthesis too expensive (Found: 
C = 57:57; H = 6-56. C,;H,,0,N requires C = 57:88; H= 
6°75 per cent.). 
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Lactone of 6-Hydroxybutane-«d-dicarboxrylic-y-acetic Acid (For- 
mula IV).—Hydrolysis of the cyclic ester with concentrated 
hydrochloric acid was carried out before its cyclic nature was 
appreciated. Extraction of the acid solution with ether removed 
a quantity of gummy material only, but evaporation to dryness 
yielded a mixture of a solid acid and ammonium chloride. The 
former was extracted with ethyl acetate, and after recrystallisation 
fom this solvent was obtained as a white, crystalline powder, 
m. p. 140°. The acid was isomeric with that derived from the 
product of Michael addition mentioned above (vide T., 1922, 121, 
2019), but was stable to alkaline permanganate. On titration with 
standard baryta solution, only two equivalents of the latter were 
neutralised and the end-point was of that indefinite character 
frequently associated with lactonic acids (Found: C = 47-57; 
H= 5-08. C,H,)O, requires C = 47-52; H = 4-95 per cent.). 
Diethyl Hydrogen «-Bromomethylmethanetriacetate (Formula VI).— 
The mono-bromination of the acid bromide of methylmethane- 
triacetic acid under conditions similar to those used by Beesley 
and Thorpe (loc. cit., p. 610) for dibromination invariably led on 
subsequent esterification to a mixture of neutral and acidic esters. 
In no case was a specimen of the undoubted triethyl monobromo- 
ester isolated from the neutral portion; the latter usually consisted 
of a mixture of esters of the unbrominated and dibrominated acids. 
The acidic portion, on the other hand, consisted almost entirely of 
a diethyl hydrogen monobrominated ester, but its yield amounted 
to about only one-eighth of the total product. All attempts to 
improve the yield by adopting other conditions and methods of 
bromination failed. The acid ester which was separated from the 
neutral products by means of sodium carbonate solution was 
liberated by acidification and taken up in pure ether. From the 
well-washed ethereal solution, after drying and thorough removal 
of the solvent, the bromo-ester was obtained as a pale yellow oil 
(Found: Br = 24-1. C,,H,,O,Br requires Br = 23-6 per cent.). 
3-Methyl-cyclopropane-1 : 2-dicarboxylic-3-acetic Acid (Formula 
VII).—To a concentrated aqueous solution of potassium hydroxide 
at 150°, 10 grams of the bromo-ester, mixed with an equal volume 
of alcohol, were added as quickly as possible and the reaction was 
allowed to subside. The product was cooled and acidified. Since 
extraction with ether removed only a small quantity of acid material, 
the solution was evaporated to dryness and the residue extracted 
with ether and acetone. The combined extracts yielded a yellow 
syrup which partly solidified on standing. The whole was dissolved 
in glacial acetic acid and the acid (m. p. 180—190°) that crystallised 


after several days was filtered off. Further small quantities of this 
5 s* 
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acid separated over a period of several weeks. It was recrystallised 
by dissolution in a small amount of water and addition of an equal 
volume of concentrated hydrochloric acid. On standing, colourless 
flakes separated; these melted at 194° with loss of steam (Found; 
C = 47-40; H=4-87; WM, tribasic, = 201:8. C sH,)0, requires 
C = 47-52; H = 4-95 per cent.; M = 202). 

The mother-liquor was mixed with dry chloroform, which pre. 
cipitated a solid and an oil. After standing for some days, the 
solvent and oil were removed by suction and the solid acid was 
washed with dry ether. The acid, which was extremely soluble 
in water, crystallised from a mixture of acetic acid and chloroform 
as a white, crystalline powder, m. p. 216° (Found: C = 47-48; 
H= 502; MM, tribasic = 202. C,H,,O, requires C = 47-52; 
H = 4-95 per cent.; M = 202). 

The viscous gum obtained from the filtrate could not be purified; 
it is almost certainly isomeric with the solid acids (above), but is 
not tribasic. 

Action of Methyl Sodiomalonate on Methyl trans-trans-a«’-Di- 
chloromuconate.—The solid chloro-ester (1 mol.) was gradually 
added with shaking to a solution of methyl sodiomalonate (2 mols.) 
in methyl alcohol. Reaction soon set in, sodium chloride separating, 
and after a time (premature external heating causing the reaction to 
proceed with almost explosive violence) the mixture was heated 
on a steam-bath until the product was only feebly alkaline towards 
litmus (usually about two hours); although a slight deficit of sodium 
‘was usually employed, prolonged heating failed to remove the last 
trace of alkalinity. The cooled product was poured into water 
and shaken with ether, the solid ester that remained undissolved 
was removed, and the unwashed ethereal extract dried by standing 
for at least twelve hours over anhydrous sodium sulphate; the 
further considerable quantity of the solid ester that crystallised out 
on the sodium sulphate was recovered by decanting the ethereal 
solution and dissolving the sulphate in warm water. On evapor- 
ating the ether from the dry ethereal solution, a viscous, yellow oil 
was obtained. Extraction of the acidified aqueous liquor yielded 
a small quantity of a halogen-free acid ester, which was hydrolysed 
without further treatment. 

Methyl cycloPropylcyclopropanehexacarboxylate (IX).—(a) Solid 
form. The crude solid ester was well washed with methyl alcohol 
and dry ether and then twice recrystallised from boiling methyl 
alcohol, in which it was only sparingly soluble. It was obtained in 
stout, well-formed, colourless prisms, m. p. 148°. The recrystal- 
lisation of this substance in quantities of more than a few grams 
offered difficulty owing to the slight solubility of the ester in all the 
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ordinary organic solvents. It was satisfactorily accomplished, 
however, by extracting the crude ester with benzene in a Soxhlet 
apparatus and removing from time to time the crystals which 
accumulated in the boiling solution. Yield about 25 per cent. 
(Found: C = 50:09; H= 5-29. C,,H,.0;. requires C = 50-23; 
H = 5-12 per cent.). 

(b) Liquid form. The oily ester (above) was almost completely 
freed from a little dissolved solid ester by cooling its solution in a 
fairly large quantity of methyl alcohol in a freezing mixture until 
no further solid would crystallise. The liquid ester recovered from 
the alcoholic solution was extremely stable and in spite of its high 
molecular weight could be distilled in small quantities at reduced 
_ pressure without decomposition. For adequate fractionation, a 
pressure not greater than 5 mm. was necessary. The pure ester, 
which probably represented more than one stereoisomeride, was 
obtained as a pale yellow liquid (b. p. 230°/4 mm.) of almost resinous 
consistency when cold. It was readily soluble in boiling methyl 
alcohol, but separated from fairly concentrated solution in this 
solvent on cooling (Found: C = 50:19; H= 5-17. CygH0j. 
requires C = 50-23; H = 5-12 per cent.). 

A small quantity of material which had a somewhat lower boiling 
point than the above and contained halogen was usually obtained. 
This was accumulated and re-treated with methyl sodiomalonate. 

Ethyl cycloPropyleyclopropanehexacarboxylate—Solid and liquid 
forms of this ester were obtained by methods precisely similar to 
those used for the methyl esters. The solid form crystallised from 
alcohol in very perfect, colourless prisms, m. p. 90° (Found: C = 
5600; H = 6-56. C,,H,,0,. requires C = 56:03; H = 6-61 per 
cent.). The liquid form of the ester possessed properties almost 
identical with those of the corresponding methyl ester and yielded 
a similar product on hydrolysis. 

Action of Methyl Sodiomalonate on Methyl cis-cis-a«’-Dichloro- 
muconate.—When the lower-melting stereoisomeric methyl dichloro- 
muconate (regarded as the cis-cis-form) was substituted for the 
trans-trans-form in the reaction with methyl sodiomalonate, the 
products were indistinguishable from those obtained with the latter 
form. The solid esters obtained in the two cases were identical 
and were produced in approximately equal yield; the liquid esters 
possessed similar properties and yielded very similar products on 
hydrolysis, but their complete identity is as yet uncertain. 

cycloPropylcyclopropanchexacarboxylic Acid.—When the solid 
methyl or ethyl hexacarboxylate was heated for four hours with 
the exact theoretical amount of alcoholic sodium hydroxide, obtained 


by adding water to alcoholic sodium ethoxide, a white, crystalline, 
5 s* 2 
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sodium salt was obtained. This was filtered off and washed with 
alcohol. It dissolved in hot water and separated, on standing, in 
large, colourless, bevelled prisms which contained water of crystal- 
lisation. The latter was lost on heating at 130°; the anhydrous 
hexa-sodium salt was a fine, white powder (Found: Na =: 28:5, 
Ci2H,0,,Na, requires Na = 28-9 per cent.). _ 

The hexacarboxylic acid was produced on acidification of an 
aqueous solution of the sodium salt, but owing to its extreme 
solubility in water and slight solubility in organic solvents it could 
not be extracted with ether. Evaporation to dryness of an aqueous 
solution containing even a small excess of hydrochloric acid appeared 
to cause considerable ring-fission. It was found best to saturate 
an aqueous solution of the sodium salt, maintained at a temperature 
below 0°, with hydrogen chloride. The acid was precipitated along 
with sodium chloride. The solid portion was removed, dried in an 
evacuated desiccator, and the acid extracted with ethyl acetate in 
a Soxhlet apparatus. The acid was purified by a further pre- 
cipitation from aqueous solution with hydrogen chloride; it was 
thus obtained as,a white, crystalline powder which melted at 197° 
with loss of carbon dioxide [Found: C= 41-74; H = 3-01; 
M (hexabasic) = 346. C,H, 0. requires C = 41-61; H = 2-84 
per cent.; MM = 346]. The acid which remained dissolved in the 
hydrochloric acid solutions was recovered in the form of its insoluble 
barium salt. 

The liquid ethyl and methyl hexacarboxylic esters on hydrolysis 
with alcoholic sodium hydroxide yielded similar sodium salts. 
The acid from each of these was liberated on acidification; a small 
portion was obtained on thorough extraction with ether, the 
remainder on evaporation to dryness and extraction of the residue. 
In each case the acid was a pale yellow syrup which contained a 
proportion of unsaturated material. There was little doubt that 
the syrups were similar mixtures of isomeric hexacarboxylic acids. 
Conversion into the very insoluble barium salt which these syrups 
yield and regeneration of the acid still gave the latter in a syrupy 
form and there still remained a proportion of unsaturated acid. 
Oxidation of the unsaturated portion by alkaline permanganate and 
precipitation of the saturated portion as the barium salt did not 
serve as a method of securing a reasonably pure product. The 
yield of material was excellent, but the complete purification at 
this stage was not accomplished. 

cycloPropyleyclopropanetetracarboxylic Acid.—The solid hexa- 
carboxylic acid was readily decomposed by heating at 200°, but 
decarboxylation by this method was unsuitable, since the greater 
proportion of the material appeared to suffer ring-fission. A better 
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method was that of heating the acid with water in a sealed tube 
at 180°. No charring took place and the extent to which ring 
fission occurred was considerably reduced. The separation of the 
products, however, was exceedingly difficult owing to their similar 
solubilities and inferior powers of crystallisation. At present, 
though many methods for their economic separation have been 
attempted, reasonably pure specimens of a saturated tetracarboxylic 
acid only have been prepared. This substance, which crystallises 
from concentrated solution in a mixture of acetone and chloroform 
only with great difficulty and on long standing, was obfained in 
colourless, crystelline nodules, m. p. 105—107°. It was obtained 
by evaporating to dryness of the aqueous solution from the sealed 
tube. The bulk of the residue solidified after standing for some 
days. A partial separation of the admixed gummy material was 
effected by spreading on a porous tile; the remainder was removed 
by repeated recrystallisation (Found: C= 46-24; H= 4-21. 
CHO, requires C = 46-51; H = 3-87 per cent.). On titration 
with standard baryta solution, the acid neutralised rather less than 
four equivalents of alkali. 

Stability of cycloPropylcyclopropane Derivatives——The stability 
of cyclopropylcyclopropanehexacarboxylic acid is remarkable. 
Attempted bromination of the acid chloride of the solid form by 
heating on a steam-bath for two days with bromine—during a large 
part of the time the mixture was exposed to brilliant sunlight— 
led to little bromination either by substitution or by addition 
subsequent to ring-fission. On pouring the product into methyl 
alcohol, the bulk of the acid was recovered unchanged as its solid 
methyl ester. Small quantities of the acid could be left in contact 
with dilute alkaline permanganate at room temperature for several 
weeks without reduction occurring. 

The specimens of the solid tetracarboxylic acid obtained did not 
decolorise permanganate, but gradual reduction of the first drop 
of the latter became noticeable after fifteen minutes. 
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CCCXCVI.—The Chemistry of the Glutaconic Acids, 
Part XV. Three-carbon Tautomerism in the 
cycloPropane Series. Part II. 


By Frank Roserr Goss, CHRISTOPHER Ke_k INGoLp, and 
JOCELYN FretD THORPE. 


Tue study of the isomerism of a glutaconic acid, in which the 
possibility of geometrical isomerism is excluded by ring formation, 
is of more than ordinary interest, because in such a case the evidence 
is clearer than any which has previously been obtained that in 
three-carbon tautomerism structural conditions may be encountered 
which cannot be interpreted by conventional space models. An 
instance of this kind was described in the preceding part of this series 
(Goss, Ingold, and Thorpe, this vol., p. 327), and in view of the fact 
that the examination of such compounds is likely to throw light on 
the nature of the valency by which the tautomeric hydrogen atom 
is attached to the organic molecule (Usherwood, this vol., p. 1718), 
every effort is being made to extend the former investigation, and to 
prepare other “ test-case ” substances. 

The general conclusion which was drawn as a result of the former 
experiments was that whilst the cyclic glutaconic acid under 
examination exists in one isolable form having the “ normal” 
structure (I), its reactions show that in solution it comes into 
equilibrium with a second, or “ labile,” modification (II). On the 
other hand, when the mobile hydrogen atom of each carboxyl group 
was replaced by an alkyl radicle (esterification), the tautomeric 
change, depending on the one remaining mobile hydrogen atom, 
became damped down to such an extent that three isomeric esters, 
the “normal,” “labile,” and “enol” modifications (formule III, 
IV, and V), could be isolated as separate individuals and their 
interconversion studied experimentally. 


ECOaHl 2C-CO,H 

CM 2 II. 

aI oa. con *” 
-CO,H 


In view of the fact that the results formerly obtained have been 
made use of in support or illustration of electrical theories, notably 
by Lowry (this vol., pp. 827, 2116), whose speculations regarding the 
acids and esters we have investigated pass quite beyond anything 
that, so far as we are aware, we have, as yet, experimentally demon- 
strated, it is desirable in referring to the above conclusions to state 
exactly what we wish the formule givén for the “normal” acid 
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and esters to imply. First, all experiments on the glutaconic 
acids, including this cyclic acid, combine to show that there is 
something in the constitution of these substances which conventional 
symbols do not explain, and that this “something” is connected 
with the mobile hydrogen atom of the system, because it disappears 
whenever that hydrogen atom is absent; we assume, therefore, that 
this structural peculiarity is connected with the mode of attachment 
of the mobile hydrogen atom to the rest of the molecule. Secondly, 
the investigation of the tautomeric esters (types III, IV, and V) 
clearly showed that after the mobile hydrogen atom had passed into 
the carboxyl group as in the enol modification (V), it could not 
return to the position which it takes up in the normal form (ITT) 
directly, but only by way of its position in the labile ester (IV), that 
is, at the «-carbon atom of the system, which forms a halting place 
in the two-stage migration; thus in the normal structure (ITT) the 
hydrogen atom is, in a certain sense, further away from the carboxyl 


Psi CO,R C*CO.R C-CO,R 
CM CM 
&I. COR e<nct ‘COR e<f. :((OH)-O 


(IIT.) (IV.) (V.) 


CMe<x 


group than it is in the labile ester, in which it is directly 
attached to the «a-carbon atom. Thirdly, as experiments on 
the identity of a- and y-substituted glutaconic acids have 
shown, the mobile hydrogen atom in a normal acid or ester 
is situated symmetrically with respect to the two carboxyl 
groups. Beyond these three salient facts, there is nothing 
which can be regarded as proved with respect to normal three- 
carbon structure. The method of formulation adopted, typified by 
the following representation of glutaconic acid (VI), depicts each 


CH-CO,H 
CHA (VI.) 
\cH: CO,H 


of these three facts with a bare minimum of implied hypothesis, 
and in our view no zeal for a system can justify the introduction of 
formule: which are in no sense proved, and are improper in so far 
as they imply more knowledge than any to which we can justly lay 
claim in the present state of the subject. 


Constitution of the cycloPropene Acid: Two New Syntheses. 

The constitution of the acid (I, IT) rests at present on the following 
evidence : 

(i) Its formation from bromoisodehydracetic ester (VII), which 
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may be assumed to decompose as follows under the influence of 
alkali : 


OY ip gone, SO <L{CO,B1):C(O1 CH, —— > 
err, oa fa (+H, 3) CO, H (ketonisation) 


CH(CO,Et)-CO-CH, __+» CM. See, 2H)-CO-CH, 
<oBr-C0,H ca MSO og a 
H-CO,H 
Me<GHCOH | CH,CcO,H 
CMe< &-CO,H + 3°UU2 
(ii) Its formation from a«’-dibromo-f-methylglutaric ester (VIII) 
(Ingold, T., 1922, 121, 2687) : 


CHBr-CO,Et on F's CBr-CO,H 
HM —__ > (IL. 
SCHBr ‘CO,Et (—#B®) G <n. CO,H Cun ©) 
(VIII.) 


(iii) Its additive properties, which characterise it as a monocyclic 
unsaturated acid with an «$-double bond (Goss, Ingold, and Thorpe, 
loc. cit.). 

(iv) Its special properties showing that it is a typical mobile 
glutaconic acid (loc. cit.). 

(v) Oxidation of the esters by the ozone method to ethyl acetyl- 
oxaloacetate (IX) (loc. cit.). 


CMe 


CHMe 


(vi) Oxidation of the acid by alkaline permanganate to malonic 
acid (loc. cit.). 

(vii) Reduction of the acids by hydrogen iodide to (-methyl- 
glutaconic acid (X) (loc. cit.). 


CH-CO,Et CH-CO,H 


HCO” CMe 
CH;CO” CO-CO, ‘Et \CH: CO,H 

Although the accumulated weight of this evidence is sufficient to 
place the constitution of this acid beyond any reasonable doubt, we 
felt that in view of its remarkable properties and theoretical interest 
no effort should be spared to consolidate the grounds on which its 
structure is based. A notable lacuna in the chain of evidence lay 
in the absence of any direct connexion with known saturated com- 
pounds of the cyclopropane series, and some such connexion we have 
therefore endeavoured to establish. 

Our first experiments with this object were directed towards 
the reduction of the acid to 3-methylcycloprepane-1 : 2-dicarboxylic 
acid (XI). Mild reducing agents, however, had no effect on the 
cyclopropene acid, and hydrogen iodide attacked, not the glutaconic 
system, but the three-carbon ring, giving 6-methylglutaconic acid 
(X) as sole product (loc. cit.). We therefore turned to the converse 


(IX.) (X.) 
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rocess, the introduction of a double linkage into the cyclopropane 
ring of the saturated acid (XI), and in this way we have succeeded in 
evolving two distinct new syntheses of the cyclopropene acid. 

The cyclopropane acid (XI) can theoretically exist in three forms, 
atrans-form (XII), and two cis-forms (XIII and XIV), and, as these 
behave differently in the subsequent stages of the synthesis, their 
formation and orientation must first be described. 


CO,H CO,H CO,H 
si | Me Bh 


vw / | 
cHMe (Ht COnH a . | \00sH _ CO 
°CH-CO,H a | Me ~ 


(XI.) (XII.) 6O,H (XIII) (XIV.) 


[trans] [(trans)-cis] [(cts)-cis] 


All three stereoisomeric acids are conveniently prepared by 
hydrolysis of the tri- and tetra-carboxylic esters (XV and XVI). 
The tricarboxylic ester is readily obtained by condensing the di- 
bromide of ethyl crotonate with ethyl malonate and sodium 
ethoxide, and the tetracarboxylic ester by condensing acetaldehyde 
with malonic ester and treating the disodio-derivative of the 
dimalonic ester with bromine : 


. CH: CO,Et 
CH.*CHBr-CHBr-CO,Et + CH,(CO,Et), —» CH,*CH 2 
. / ey a Sone aos . <hico,kt), 


(XV.) 
H<G(CO;Et), 


C Na( CO 2Kt), | ‘ 

Br, —> 2NaBr + CH,-CH 

CNa(CO,Et), ~ ae eS G(CO, Et), 
(XVI) 


CH,-CH< 


It will be noticed that the tetracarboxylic ester can have but one 
geometrical configuration, whilst two configurations are possible for 
the tricarboxylic ester. Moreover, whilst the tetracarboxylic ester 
might, on hydrolysis, give rise to all three dicarboxylic acids, the 
tricarboxylic ester, whatever its configuration, can at most yield 
two dicarboxylic acids, one of which must be the trans-acid (XII). 
It happens that in each case acid hydrolysis gives the theoretical 
number of isomerides. 

The hydrolysis of the tricarboxylic esters has been carried out 
by Preiswerk (Ber., 1903, 36, 1085), who isolated a cis-acid, m. p. 
108°, by means of its anhydride, but failed to obtain the trans- 
isomeride, m. p. 195°. 

Kotz and Stalmann (J. pr. Chem., 1903, [ii], 68, 158) hydrolysed 
the tetracarboxylic ester, but were unable to obtain a pure product. 
Actually the gum which they describe is a mixture of the three 
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isomerides, m. p. 195°, 132°, and 108°, which, after the gum has 
solidified, may readily be separated by fractional crystallisation. 

Ingold (loc. cit.) described the two acids, m. p. 108° and 132°, 
as products regenerated from anhydrides obtained by the action 
of acetyl chloride on a mixture of the three isomerides, and from 
this it follows that the acid, m. p. 195°, must have the configuration 
represented by the trans-formula (XII), whilst the other two acids, 
m. p. 132° and 108°, are czs-acids to which the two remaining 
formule must be assigned. 

As to which of these formule belongs respectively to each of the 
two cis-acids, the evidence is less direct. If, however, we accept 
Auwers and Wissebach’s demonstration (Ber., 1923, 56, [B], 715) of 
the trans-structure of ethyl crotonate, and assume that the usual 
tvans-addition of bromine occurs in the formation of its dibromide, 
and further, that in the formation of the tricarboxylic ester (XV) 
the ring closure takes place without change of configuration (Perkin 
and E. Robinson, T., 1921, 149, 1395), then it follows that the 
configuration of the tricarboxylic ester must be such that only 
the acids (XIT) and (XIV) can result from its complete hydrolysis. 
Since the two acids actually obtained are the trans-acid and the 
cis-acid, m. p. 108°, it follows that the acid, m. p. 132°, has the 
(trans)-cis-structure (XIII), and that the acid, m. p. 108°, has the 
(cis)-cis-structure (XIV). This method of reasoning cannot, of 
course, be regarded as conclusive; but as it leads to the particular 
allocation of formulz which might have been anticipated from the 
relative melting points and solubilities of the acids, it may, perhaps, 
be accepted as providing a provisional solution to the stereochemical 
problem involved. 

The trans-acid (XII), on bromination by means of bromine and 
phosphorus pentachloride, yields products which differ according 
to the conditions of the experiment. Rapid bromination leads to a 
dibromo-derivative which, since it is converted back into the 
original acid on reduction by sodium amalgam, must have the 
constitution expressed by formula (XVII). If, however, the 
bromination is carried out with caution at a lower temperature, the 
sole isolable derivative is the same dibromo-acid (XIX) that was 
previously described (Goss, Ingold, and Thorpe, Joc. cit.) as the 
bromo-additive product of the cyclopropene acid. The formation 
of this bromo-acid appears at first sight difficult to interpret, but 
it is readily understood when it is recalled that the monobrominated 
acid (XVIII), which in any event must initially be formed, has 
previously been shown (Ingold, loc. cit.) to be an intermediate 
product in the formation of the cyclopropene acid (IT) from ethyl 
aa’-dibromo-8-methylglutarate. The excess of bromine present 
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under the experimental conditions employed would immediately 
convert the cyclopropene acid (II) into the dibromo-acid (XIX), and, 
as has already been shown (Goss, Ingold, and Thorpe, loc. cit.), this 
acid is stable and is not converted into a tribromo-derivative by 
excess of bromine under the conditions employed. Moreover, it 
has been shown (loc. cit.) that on reduction by sodium amalgam this 
dibromo-acid (XIX) passes into the cyclopropene acid (II), and 
hence the synthesis of this acid from the trans-cyclopropane acid is 
completed : 


Br 
' (sodium amalgam) * 
—$_=—=JAJJA——— CHMe<¥ CO,H 
| H we Br 
a, Loo, H Oe? CO CMeBrCre Cat 
mus-eyclo- | _» CHMe< {2 (XVIL.) Br,*CO,H 
Propane Acid “(prj NOBr ” (xIx 
(XII.) Q (trans) (XIX.) 
CO,H “, As 
(trans) NLC0,H = (sodium 


amalgam) 


(II., a form of I.) 


The two cis-acids may also be converted into the cyclopropene 
acid in the following manner. On bromination, each acid forms a 
dibromo-substitution product which loses hydrogen bromide, 
giving the bromocyclopropene acid (XX). This substance on 
dissolving in cold, dilute alkali undergoes spontaneous reduction 
to the cyclopropene acid (I, IT), free hypobromite being liberated in 
the solution : 


Br 
| 
(trans)-cis-cyclo- Me~_ ¢-CO H 
o =e © 2 
PT a OT, 
Br CBr-CO,H 
al > 2 
e CMe 00,1 ——> (1, IL) 
Pe (XX.) = 
(cis)-cis-eyclo- H C-CO,H rm 
Perey i (Bhd Me C<rcot © 
Br 


The bromocyclopropene acid (XX) was not isolated during the 
former research, but it was shown, notwithstanding, that in such an 
acid the tendency to acquire the hydrogen atom necessary for 
three-carbon tautomerism is such that spontaneous reduction would 
occur in cold, dilute alkalis with the liberation of free hypobromite 
(loc. cit., pp. 332, 342) and the formation of the mobile cyclopropene 
acid (I, II). This happens, just as was anticipated. 
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Isomerism and Interconversion of the Esters. 

The experiments previously described, relating to the three 
ethyl esters of the cyclopropene acid, led to the conclusion that 
these substances enter into a double reversible isomeric change of 
the following type : 


normal ethyl ester == labile ethyl ester == enol ethy] ester 
(95%) Tt (5%) setts (trace) 


The equilibrium favours the normal ester rather than the labile, 
and the labile rather than the enol, whilst the relative velocities of 
the changes are such that when the enol ester is prepared in a state 
of purity and then kept at the ordinary temperature, most of it is 
converted into the labile ester in the course of a few hours, and 
most of this passes into the normal ester after a few months. The 
first change occurs instantaneously, and the second in a few minutes 
or hours, in alcoholic sulphuric acid at 100°. 

In sodium ethoxide solution a third reversible change, the forma- 
tion and alcoholysis of the sodium derivative of the enol ester, takes 
place, and the resultant equilibrium is of the following type : 


normal ethyl ester == labile ethyl ester — 


(nearly 40%) (slow) (trace) (rapid) 
enol ethyl ester =  sodio-ethyl ester 
(trace) (instantaneous) (60%) 


The figures are for the temperature 60°, and are those to which an 
extended study of these reactions has led. At this temperature the 
“rapid” equilibrium is established in seconds or at most a few 
minutes, whilst the “‘ slow ” equilibrium requires hours or at most a 
few days. 

The equilibration of the methyl esters, either in the absence of 
reagents or in acid solution, resembles that of the ethyl esters, but 
the preponderance of normal ester is still greater; so much so 
that we were unable to determine the “ normal-labile ”’ equilibrium 
ratio with any approach to accuracy : 


normal methyl ester == labile methyl ester == enol methy] ester 
(nearly 100%) (low) it (rapid) (trace) 

It was not found possible to examine the equilibration of the 
methyl esters in sodium methoxide solution at 60° owing to the fact 
that at this temperature the “normal” ester reacts with sodium 
methoxide to form an additive compound. At 20°, however, this 
reaction does not take place to an appreciable extent, and an 
examination of the interconversion at this temperature of the three 
esters and the sodio-ester was rendered possible by the fact that 
equilibration proceeds much more rapidly than in the ethyl ester 
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gries. The ‘‘ slow” reaction represented in the following scheme 
requires about fifteen hours for the complete establishment of 
equilibrium ; the figures indicate the observed equilibrium ratios : 


normal methyl ester = = labile methyl ester == 


(about 29%) (slow) (trace) (rapid) 
enol methyl ester == sodio-methyl ester 
(trace) (instantaneous) (71%) 


The sodio-methyl ester (XX1) is a yellow, crystalline substance 
similar in appearance and in many of its properties to the well- 
known yellow sodium compound of ethyl dicarboxyglutaconate 
(XXII). Both the sodio-ester and the enol-ester give colours with 
ferric chloride, whereas the normal and labile esters give no colour, 
excepting under conditions in which partial reconversion into the 


enol-ester is possible. 


rae 20-CO,Me «7ZC(CO,Et), oy 
cx.) CM 2Me ON CH: ait), _ONa (XXIL. 
pene er een “C(CO,Et):C<oRt 


We believe that these experiments provide ample grounds for 
our contention that the position of the mobile hydrogen atom in the 
normal ester is such that a hydrogen atom replacing the sodium 
atom in the sodio-ester can only reach it by passing through a 
position on the a-carbon atom of the system. 


Reactivity of the Normal Glutaconic Esters. 


In collecting together all the evidence which seems to bear in 
any way on the: constitution of the normal glutaconic esters, the 
remarkable fact emerges that no uniform relationship appears to 
subsist between the additive powers of the normal esters and their 
labile isomerides. 

It has already been shown that the normal and the labile esters 
of the open-chain glutaconic acid series differ sharply in regard to 
their capacity to form additive products with ethyl sodiocyano- 
acetate (Thorpe and Wood, T., 1913, 103, 1579; Ingold and Thorpe, 
T., 1921, 119, 492). Whilst the labile esters react readily in the 
manner characteristic of «$-unsaturated esters, the reactions with 
the normal esters take place with great difficulty and give rise to 
products of 1 : 3-addition. 

On the other hand, when the addition of ozone is considered, the 
normal esters are frequently the more reactive. Feist noticed that 
normal ethyl «-carboxy-$-phenyl-«-methylglutaconate absorbed 
ozone more readily than the corresponding labile ester (Annalen, 
1922, 248, 45), and we have found a similar marked difference in the 
case of the normal and the labile ethyl ester of the glutaconic acid 
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which forms the subject of this communication, the normal ester 
absorbing ozone about three to five times as rapidly as the labile 
ester under corresponding conditions of temperature and dilution, 
On the other hand, the ethyl esters of «®-dimethylglutaconic acid 
differ in the opposite sense, the labile ester showing the greater 
additive power. In all these cases 1: 2-addition, and not 1:3. 
addition, of ozone takes place. 

Comparative experiments on the addition of bromine to the 
normal and the labile methyl ester of the cyclopropene acid have 
shown the labile ester to be the more reactive, although it may be 
doubted whether the difference in the velocity of absorption is 
sufficient to justify the assumption that addition takes place solely 
through the labile form, since the equilibrium ratio is so unfavourable 
to this modification. The addition is exclusively 2 : 3 (corresponding 
to 1: 2-addition to an open-chain glutaconic ester), however, each 
ester yielding the same crystalline dibromide (X XIII) unaccompanied 


by any isomcride. 
CBr-CO,M 
CMeBr<iarco, “" (XXII) 
2 


The addition of methyl alcohol to the same two methyl esters 
shows a similar interesting difference; but in this case the normal 
ester is the more reactive. Nevertheless, it forms a 2 : 3-addition 
product. The reagent employed is methyl alcoholic sodium 
methoxide, and although it does not attack the normal ester at an 
appreciable velocity in the cold, on warming for a few minutes an 
almost quantitative conversion into the additive product (XXIV) 
takes place. On the other hand, the labile ester, when heated with 
the same reagent under similar conditions, these being such as to 
preclude more than a very small conversion into the normal isomeride, 
yields practically no additive product, and, although it is impossible 
to avoid the formation of the sodio-ester (X XT) owing to the rapidity 
of the “labile-enol” equilibration, this sodio-ester and much 
unchanged enol-ester are the sole products obtained from the 
experiment. 

These results do not, of course, preclude the possibility that the 
addition of methyl alcohol to the labile ester may take place 
directly, without intervention of the normal ester; they do, however, 
show that if any such direct additive reaction with the labile ester 
occurs at all, it does so much more slowly than the addition to the 
normal ester. 

(XXIV.) CMe(OMe)<Jor cote Cme(OMe)<Sor cont (XXV.) 


The facts summarised above are obviously insufficient for any 


Metho: 
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comprehensive generalisation bearing on the constitution of the 
normal form; but already it is clear that the relative additive 
powers of the normal and labile isomerides vary with the character 
of the addendum, and that more experimental data of this kind are 
required before conclusions can be drawn as to the types of reaction 
to which the normal form is prone. It is, however, desirable here 
to emphasise the general characters of the facts which have so far 
been established, first, because they point out a new direction from 
which evidence as to the nature of “ normal” structure is to be 
sought, and secondly, because the impression, acquired from 
earlier experiments and expressed on several occasions, as to a 
generally lower reactivity in the normal isomerides, is now seen to 
require correction. 

Finally, it is of interest to note that the reaction by which methyl 
alcohol is added to the normal ester when the latter is heated with 
methyl alcoholic sodium methoxide is reversible. The degree of 
reversibility is small, and in fact it could not be detected when the 
reaction was carried out under the usual conditions in methyl 
alcoholic solution. When, however, the methoxy-ester (XXIV) 
was treated with an ethereal suspension of sodium methoxide, a 
large elimination of methyl alcohol took place with the formation 
of the sodio-methyl ester (X XI) along with a smaller quantity of the 
sodium salt of the acid (XXV), produced by direct hydrolysis. 
Probably the great insolubility of the sodio-ester (X X1) in ether, and 
its smaller alcoholysis to the enol-ester in this solvent, combine to 
determine the extensive decomposition observed : 


In ether 
= S 


(—MeOH) (NaOMe) 


Methoxy-ester — > Normal ester — > Labile ester —— Enol ester — Sodio-ester 


—= 


(+MeOH) (MeOH) 


In methyl alcohol 


If the normal ester is taken as the starting point, the first reaction 
which occurs, when it is treated under the conditions described in 
the experimental portion of this paper with ethereal sodium meth- 
oxide, is that which results in the addition of methyl alcohol; and 
if the product be isolated before the slow “ normal-labile ” equili- 
brium has had time to establish itself, it is found to contain as 
much as 90 per cent. of the addition product; but so soon as the 
labile ester begins to be produced in appreciable amount it passes 
rapidly into the enol-ester and thence into the sodio-ester, which 
at once begins to precipitate from solution, and hence determine the 
eventual destruction of the whole of the methoxy-ester originally 
formed; or at any rate, such of it as does not pass out of the sphere 
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of action by conversion into the insoluble sodium salt of the methoxy. 
acid (X XV). 


EXPERIMENTAL. 


(A) Synthesis of 3-Methyleyclopropane-1 ; 2-dicarboxylic Acid (Two 
Stereoisomeric Forms) by way of Ethyl 3-Methylcyclopropane. 
1:1: 2-tricarboxylate. 


Ethyl Crotonate.-—This ester was prepared by Wahl’s method 
from ethyl «-bromobutyrate and diethylaniline (Compt. rend., 1901, 
132, 693), and no difficulty was experienced in obtaining Wahl’s 
yield (50 per cent. of the theoretical), although Thorpe and Young 
(T., 1903, 83, 355) and Hope and Perkin (T., 1911, 99, 766) could 
not obtain a yield greater than 35 per cent. Hope and Perkin 
expressed the opinion that their small yield was largely accounted 
for by the formation of an additive product between the bromo- 
ester and the base, and the subsequent elimination of ethyl bromide 
to give the compound NPhEt-CH(CO,Et)-CH’CH;, and a similar 
opinion has been stated by Thorpe and Wood (T., 1913, 103, 1601). 
In our experiments, however, not only did the yield of ethyl crotonate 
amount to more than 50 per cent., but the recovery of unchanged 
ethyl «-bromobutyrate accounted for almost the whole of the re- 
maining material. 

One hundred grams of ethyl «-bromobutyrate were added to 150 
grams of boiling diethylaniline and the boiling was continued for 
twenty-four hours. The excess of base was removed by treat- 
ment with dilute acid, and the esters were carefully fractionated. 
The yield of ethyl crotonate was 35 grams (60 per cent. of the 
theoretical), whilst 35 grams (35 per cent.) of ethyl «-bromobutyrate 
were recovered. 

Ethyl «-Dibromobutyrate.—It has been found that ethyl crotonate 
may be directly converted into the dibromo-ester by treatment 
with bromine in sunlight. 

Ethyl crotonate (40 grams) and bromine (60 grams) dissolved in 
chloroform were left in full daylight for a week, and the product 
was washed with aqueous potassium hydrogen sulphite to remove 
the excess of bromine, dried with calcium chloride, and distilled. 
The yield of dibromo-ester, b. p. 100—110°/20 mm., was 90 grams 
(93 per cent. of the theoretical). 

Ethyl 3-Methylcyclopropane-1 : 1: 2-tricarboxylaite (XV).—To a 
solution of sodium ethoxide prepared from 96 grams of sodium and 
150 ¢.c. of ethyl alcohol, 72 grams of ethyl malonate were added, 
and then 53 grams of ethyl dibromobutyrate. The mixture was 
allowed to remain at the ordinary temperature for twenty-four 
hours, and then heated on the steam-bath for an hour, or until 


xy- 
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yeutral. It was poured into water and the oil extracted with ether. 
The extract was washed with water, dried with sodium sulphate, 
and evaporated, and the residue distilled. The yield of triethyl 
eter, b. p. 150—170°/20 mm., was 50 grams (96 per cent.). 

trans-3-Methylcyclopropane-1 : 2-dicarboxylic Acid (XII).—The 
above ester (50 grams) was boiled with 300 c.c. of 20 per cent. 
hydrochloric acid for thirty hours under a condenser short enough 
to permit the escape of alcohol vapour, and the residue obtained on 
evaporation, esterified with ethyl alcohol and sulphuric acid. The 
portion of the ester which distilled between 120° and 140°/20 mm. 
was again boiled with 20 per cent. hydrochloric acid for two hours. 
Qn partial evaporation of the resulting solution, crystals of the 
rans-acid separated, and these were purified by crystallisation from 
ether or xylene, or by sublimation. 

When pure, the trans-acid melts at 195°, and boils at 180°/20 mm. 


i without decomposition, the distillate at once solidifying in the 


receiver (Found: C = 50:1; H = 5-5. C,H,0, requires C = 50-0; 
H= 5-6 per cent.). The acid does not decolorise cold alkaline 
permanganate. 

(cis)-cis-3-Methylcyclopropane-1 : 2-dicarboxylic Acid (XIV).— 
When the filtrate from the trans-acid was completely evaporated, 
the residue solidified to a mass of crystals consisting of the cis-acid, 
m.p. 108°. This acid was identical in every way with that described 
by Preiswerk (loc. cit.) and Ingold (loc. cit.), and after crystallisation 
from benzene did not lower the m. p. of a genuine specimen. Like 
the trans-acid, this acid is stable to cold alkaline permanganate. 


(B) Synthesis of 3-Methylcyclopropane-| : 2-dicarboxylic Acid (Three 
Stereoisomeric Forms) by way of Ethyl 3-Methylcyclopropane- 
1:1: 2: 2-tetracarboxylate. 

Ethyl Ethylidenemalonate.—We were unable to obtain more than 
a 25 per cent. yield of this ester by Knoevenagel’s method (Ber., 
1893, 31, 2587), and therefore turned to that of Komenos (Annalen, 
1883, 218, 15). By making certain modifications, Komenos’s 
yield was considerably surpassed, and a satisfactory method, of 
preparation obtained. 

One hundred grams of ethyl malonate, together with 100 grams 
of acetic anhydride and 57 grams of acetaldehyde, were heated in a 
closed vessel for thirty hours at 100°, and the product was distilled 
under ordinary pressure until the thermometer registered 140°. The 
residue was then distilled under diminished pressure, and after 
collecting 30 grams of unchanged ethyl malonate, b. p. 90—113°/ 
20 mm., 80 grams of ethyl ethylidenemalonate, b. p. 113—130°/ 
20mm. were obtained, the yield being 70 per cent. of the theoretical. 
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Ethyl Ethylidenedimalonate——This was prepared by Kotz and 
Stalmann’s method (loc. cit.), with the introduction of certain 
modifications, for the most part suggested by Perkin’s description 
of the preparation of the isomeric straight-chain compound (T., 
1887, 51, 21; 1894, 65, 580, 950). 

A solution of sodium ethoxide prepared from 12-5 grams of sodium 
and 190 c.c. of ethyl alcohol was poured into 300 c.c. of ether and 
mixed with 100 grams of ethyl malonate dissolved in 300 c.c. of 
ether. The mixture was stirred mechanically while 100 grams of 
ethyl ethylidenemalonate, dissolved in 300 c.c. of ether, were 
gradually run in. The stirring was continued for two hours, and 
the liquid shaken with dilute hydrochloric acid, dried, and distilled, 
The yield of dimalonate, b. p. 200—230°/20 mm., was 120 grams 
(57 per cent.). 

Ethyl 3-Methylceyclopropane-1 : 1: 2: 2-tetracarborylate (XVI).— 
This was prepared by an analogous modification of the method of 
K6tz and Stalmann. 

A solution of sodium ethoxide prepared from 15 grams of sodium 
and 220 c.c. of dry alcohol was poured into 500 c.c. of dry ether, and 
mixed with 100 grams of ethyl ethylidenedimalonate dissolved in 
300 c.c. of dry ether. The mixture was stirred mechanically while 
50 grams of dry bromine were added during three hours. The 
stirring was continued for a further hour, and the solution then 
washed with dilute potassium hydrogen sulphite, and water, and 
dried. The yield of tetra-ethyl ester obtained on evaporating the 
ether amounted to 80 grams (80 per cent.) 

trans-3-Methyleyclopropane-1 : 2-dicarborylic Acid (XII).—The 
above ester was hydrolysed by boiling with six times its weight of 
20 per cent. hydrochloric acid for thirty hours, and the product 
obtained on evaporation esterified with ethyl alcohol and sulphuric 
acid. The distilled ester, b. p. 120—140°/20 mm., was re-hydro- 
lysed by means of 20 per cent. hydrochloric acid, and the resulting 
solution concentrated. The crystals which separated were 
collected, purified, and identified as the trans-acid, m. p. 195°, 
exactly as described above. 

(trans)-cis-3-Methyleyclopropane-1 : 2-dicarboxylic Acid (XIII).— 
The filtrate from the trans-acid on further evaporation yielded 
crystals, which after several alternate crystallisations from benzene 
and xylene, melted at 132°, and were identified as the cis-acid of 
this m. p. described by Ingold (loc. cit.). The identification was 
confirmed by a mixed melting-point determination. Like the 
trans-acid, this acid, m. p. 132°, is stable towards cold alkaline 
permanganate, 

(cis)-cis-3- Methyleyclopropane-1 : 2-dicarborylic Acid (XIV).— 
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This cis-acid, m. p. 108°, was deposited from the ultimate mother 
liquors of the preceding acid, but it can be separated from the 
accompanying cis-acid, m. p. 132°, only with considerable difficulty, 
and is best prepared by the method described in section (A). 


(0) Synthesis of the cycloPropene Acid from trans-3-Methylcyclo- 
propane-1 : 2-dicarboxylic Acid. 


trans-1 : 2-Dibromomethylcyclopropane-1 : 2-dicarboxylic | Acid 
(XVII).—The trans-cyclopropane acid (3-8 grams) was warmed with 
12 grams of phosphorus pentachloride until hydrogen chloride 
ceased to be evolved. Small quantities of iron and iodine were then 
added, and the mixture was boiled for five minutes, and then 
maintained at 180° while 10 c.c. of bromine were added drop by 
drop. The absorption occurred immediately at first and with 
considerable violence, but moderated somewhat towards the end of 
the addition. Heating was continued for two minutes after the 
lat drop of bromine had been added, and the excess was then 
removed by a rapid stream of dry air. The product was poured 
into water, and the mixture warmed until homogeneous, and then 
partly evaporated. The dibromo-acid thus obtained separated 
from hot water in needles, m. p. 282° (Found: Br= 53-3. C,gH,0O,Br. 
requires Br == 53-0 per cent.). 

Reduction of the 1:2-Dibromo-acid by Sodium Amalgam: 
Formation of the trans-cycloPropane Acid (compare Goss, Ingold, 
and Thorpe, loc. cit., p. 340, footnote).—The dibromo-acid (0-38 
gram) was dissolved in 5 c.c. of water and reduced with 10 grams of 
4 per cent. sodium amalgam. The aqueous sclution was acidified 
and extracted with ether. On drying and evaporating the ether, 
the trans-cyclopropane acid, m. p. 195°, was obtained in theoretical 
yield. 

trans-2 : 3-Dibromo-3-methylcyclopropane-1 : 2-dicarboxylic Acid 
(XIX).—-This bromination was carried out exactly like that described 
above, excepting that the temperature was maintained at 90—100° 
during the addition of bromine. The product was decomposed with 
water, and the homogeneous solution concentrated, when the 2:3 - 
dibromo-acid, m. p. 244°, crystallised. It was identified by direct 
comparison, by a mixed melting-point determination, and by its 
behaviour towards reducing agents, with a specimen prepared by 
the addition of bromine to the cyclopropene acid (Joc. cit.). 

Reduction of the 2 : 3-Dibromo-acid by Sodium Amalgam : Forma- 
tion of the cycloPropene Acid (I, I1)—compare Goss, Ingold, and 
Thorpe, loc. cit., p. 357. 
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(D) Synthesis of the cycloPropene Acid from the Two cis-3- Methyl. 
cyclopropane-1 : 2-dicarboxylic Acids. 

1-Bromo-3-methyl-A*-cyclopropene-1 : 2-dicarboxylic Acid (XX).— 
This acid was formed when either of the cis-cyclopropane acids, 
m. p. 108° and 132°, was brominated at 180° by the method 
described in the preceding section. When the product was decom. 
posed by water, the bromocyclopropene acid was immediately 
precipitated as an insoluble, crystalline powder. As the purification 
of this substance by recrystallisation was attended with difficulty 
owing to the insolubility of the acid in water and the usual organic 
solvents, it was prepared for analysis by precipitation with ‘hydro. 
chloric acid from a filtered solution of its sodium salt. Thus 
obtained, the acid forms a colourless powder, which melts at 138° 
with vigorous decomposition (Found: C= 326; H = 23: 
Br = 36-0. C,H;0,Br requires C = 326; H=2-3; Br = 362 
per cent.). As is described more fully below, this acid undergoes 
spontaneous reduction in the presence of cold dilute alkali with the 
formation of the cyclopropene acid and alkaline hypobromite, 
Indeed so readily does this reaction occur that attempts to obtain 
the equivalent of the acid by titration with carbonate-free sodium 
hydroxide proved ineffectual, 2—3 molecules of sodium hydroxide 
being neutralised, owing to the liberation of hypobromous acid 
during the titration. 

Reduction of the Bromocyclopropene Acid by Cold Alkali. Forma- 
tion of the cycloPropene Acid (I, Il)—The bromo-acid 0-7 gram) 
was dissolved in 10 c.c. of 10 per cent. potassium hydroxide, and the 
solution kept for twelve hours at the ordinary temperature, and 
then acidified with hydrochloric acid and extracted with ether. 
The residue obtained on evaporation of the ether melted at 200° 
after crystallisation from xylene, and was identified as the cyclo- 
propene acid (I, I). 


(E) Equilibration of the Normal, Labile, and Enol Methyl Esters. 


Equilibration in Methyl Alcoholic Solution—Each of the three 
esters, when heated for several hours in methyl] alcohol containing 
a small proportion of sulphuric acid, yielded a mixture of the 
normal, labile, and enol esters, the normal ester constituting 
practically the whole and the labile and enol esters being present 
in qualitative traces only. 

Equilibration in the Presence of Sodium Methoxide.—A series of 
experiments, made with the object of examining the nature and 
speed of establishment of the equilibrium which obtains when any 
one of the three esters is treated with an equivalent of methy! 
alcoholic sodium methoxide, has led to,the conclusion that equili- 
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pation is complete after fifteen hours at 15°, and that the two 
intermediate members of the series : normal ester == labile ester 
= enol ester == sodio-ester, are almost entirely absent, the 
nixture consisting of about 29 per cent. of the normal ester and 
il per cent. of the sodium compound. 
It was not possible to examine the equilibration at 60° owing to 
the formation of the methoxy-compound described below. 
Methyl Sodio-3-methyl-A?-cyclopropene-1 : 2-dicarboxylate (XX1). 


culty § —This substance, which was obtained in the course of the above ° 
zanic § experiments and in those described in the next section (F), is 
ydro- § precipitated from its solution in methyl alcohol by warming, and 


is insoluble in ether and benzene. It forms a yellow powder, 
which is stable in dry air (Found: Na = 12-1. C,H,O,Na requires 
Na = 12-0 per cent.), but is extensively decomposed by water, 
forming the enol ester. 


"goes 

1 the @ (F) The Reversible Addition of Methyl Alcohol to the Normal Methyl 
nite, Ester. 

tain = Action of Methyl Alcoholic Sodium Methoxide on the Normal 


Methyl Ester.—The normal methyl ester (2 grams) was added to a 
solution of sodium methoxide prepared by dissolving 0-5 gram of 
sodium in 10 c.c. of methyl alcohol. The solution was warmed for 
afew minutes, poured into water, and extracted with ether. The 
yield of methyl 3-methoxy-3-methyl-cyclopropane-1 : 2-dicarboxyl- 
ate (XXIV) (loc. cit.), p. 360, was nearly quantitative. 

Action of Methyl Alcoholic Sodium Methoxide on the Labile Methyl 
Ester —The labile methyl ester (2 grams) was added to a solution of 
sodium methoxide prepared from 0-5 gram of sodium and 10 c.c. of 
methyl alcohol. When the solution was warmed as in the preceding 
experiment, a precipitate consisting of the sodio-ester was formed. 
This was collected, and the filtered solution poured into water and 
extracted with ether. The residue obtained on evaporating the 
ether consisted entirely of unchanged labile ester. 

Action of Methyl Alcoholic Sodium Methoxide on the Equilibrated 
Mixture of Esters—Kither the normal or labile ester (8-5 grams) 
was added to a solution of sodium methoxide prepared by dissolving 
3 grams of sodium in 45 c.c. of methyl alcohol, and the mixture left 
for fifteen hours at the ordinary temperature to equilibrate. It 
was then warmed for a few minutes and the precipitated solid 
collected. The whole of the methoxy-methyl ester (1-8 grams) 
was found to be carried down with the sodio-ester (4:5 grams), and 
was separated from it by extraction with boiling benzene. 

Prolonged Action of Methyl Alcoholic Sodium Methoxide on the 
Equilibrated Mixture of Esters—The equilibrated solution was 
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prepared as in the preceding experiment, and then heated for eight 
hours, after which the sodio-ester, originally precipitated, had 
completely dissolved. The product obtained on adding water and 
extracting with ether consisted solely of the methoxy-ester. 

Action of Methyl Alcoholic Sodium Methoxide on the Methory. 
éster.—In order if possible to detect the reversibility in methy| 
alcohol solution of the addition of methyl alcohol to the cyclo. 
propene acid, the following experiment was carried out. The 
- methoxy-ester (1-3 grams) was added to a solution of sodium 
methoxide prepared from 0-5 gram of sodium and 10 c.c. of methyl 
alcohol. The solution was heated on the steam-bath for one hour, 
and then poured into water and extracted with ether. Unchanged 
methoxy-ester was the sole recovered material. (As noted belov, 
the retrograde reaction was realised by using an ethereal in place of 
a methyl-alcoholic solution.) 

Action of Ethereal Sodium Methoxide on the Normal Ester.—The 
normal ester (5 grams), dissolved in 50 c.c. of dry ether, was added 
to an ethereal solution of sodium methoxide, prepared by dissolving 
3 grams of sodium in 45 c.c. of methyl alcohol and adding 150 c.c. 
of ether. The solution was left over-night at the ordinary tempera- 
ture, and the precipitated sodio-ester (0-5 gram) collected. The 
solution was washed with water, dried, and evaporated. The residue 
(1:5 grams) consisted of the methoxy-ester. The aqueous washings 
were acidified, and extracted with ether, and by this means 2 grams 
of the methoxy-acid (X XV) described below were obtained. 

Prolonged Action of Ethereal Sodium Methoxide on the Normal or 
Labile Ester, or on the Methoxy-ester.—lf either of the above esters 
is treated for a considerable time with ethereal sodium methoxide 
prepared as in the preceding experiment, the product consists almost 
entirely of the sodio-ester (X XI) and the methoxy-acid (X XV). 

3-Methoxy-3-methyleyclopropane-1 : 2-dicarborylic Acid (XXV).— 
This acid, which was obtained in the course of the experiments 
described above, and also by hydrolysis of the methoxy-ester 
(XXIV) was purified by crystallisation from xylene and was thus 
obtained as prisms, m. p. 158° (decomp.) (Found : C = 48-3; H= 
6:0. C,H,,0; requires C = 48-2; H = 5-8 per cent.). 

On reduction by hydriodic acid it behaves like the ethoxy-acid 
(loc. cit., p. 360) and yields normal £-methylglutaconic acid but no 
trace of any ketonic acid or lactone such as would be expected to 
arise from an «-methoxy-ring acid. 


(G) The Addition of Bromine to the Normal and Labile Methyl Esters.” 


Comparative experiments on the velocity of addition of bromine 
to the normal and the labile methyl ester in chloroform solution at 
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the ordinary temperature showed that the labile ester absorbed 
bromine much more readily than the normal ester at small dilutions, 
yhilst at greater dilutions the difference was in the same sense, but 
very much less marked. 

Experiment at a Small Dilution.—Each ester (0°55 gram) was 
mixed with bromine (0-45 gram) in 10 c.c. of chloroform at 19°, 
the solution being maintained at this temperature by immersion in 
water. The decoloration proceeded very much more rapidly in the 
case of the labile ester and was complete in five to ten minutes, 
whilst in the case of the normal ester about three hours were required 

Methyl 2:3- Dibromo -3 - methylcyclopropane - 1 : 2- dicarboxylate 
(XXIII).—When the solutions obtained in the preceding experi- 
ments were evaporated, the residues solidified to colourless, silky 
needles which, without purification, melted at 76°. After crystal- 
lisation, they had the correct m. p. 77° (Jones, T., 1905, 87, 1064), 
and were identified as the above methyl ester by direct comparison 
with a genuine specimen. 


We wish to thank the Chemical and Royal Societies for grants 
with the aid of which much of the expense of this investigation has 
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CCCXCVII.—The Tautomerism of Amidines. Part III. 
The Alkylation of Open-chain Amidines (continued). 


By Frank Lee PyMan. 


Ir has long been recognised that unsymmetrical amidines con- 
taining a mobile hydrogen atom (RN:‘CX:NHR’ or RNH-CX:NR’) 
yield on alkylation a mixture of the two isomeric alkyl derivatives 
I and II in the cases where R and R’ are similar in character, but 


(L) RN°CX:NR’Alk RNAIk:CX°NR’ (IL) 


until quite recently it was believed that where the two groups 
differed in character only a single alkyl derivative was formed, 
and further that the alkyl derivative produced was that in which 
the alkyl group was attached to the less basic nitrogen atom. 
Earlier in the year one of these cases of alleged homogeneous 
alkylation was investigated (Pyman, this vol., p. 367, where 
previous references are given), and it was shown that the methy]l- 
ation of benzenylphenylmethylamidine (III or IV) by means of 
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methyl iodide gave, not only methylphenylamidobenzenylmethy|. 
imidine (V), but also a small proportion of dimethylamidobenzeny). 
phenylimidine (VI). Two further cases of supposed homogeneous 


(III.) CPh(INPh)‘NHMe or CPh(NMe):NHPh (IV.) —> 
(V.) CPh(:NMe)‘NMePh and CPh(:NPh)‘NMe, (VI.) 


alkylation of unsymmetrical open-chain amidines have now been 
investigated, and it has been found that benzenylphenylamidine 
(VII) reacts with methyl iodide to yield, not only methylphenyl. 
amidobenzenylimidine (VIII), as stated by von Pechmann (Ber,, 
1897, 30, 1782), but also to a small extent benzenylphenylmethyl. 
amidine (IX), whilst benzenylphenylbenzylamidine (X) reacts with 
(VII.) CPh(°(NPh)‘NH, or CPh(‘NH)-NHPh —> 
(VII) CPh(3NH)-NMePh and CPh(:NMe)-NHPh (IX.) 


methyl iodide to yield, not only methylphenylamidobenzenyl. 
benzylimidine (XI), as stated by Beckmann and Fellrath (Annalen, 
1893, 273, 1) and Lander (T., 1903, 83, 320), but also to a small 
extent methylbenzylamidobenzenylphenylimidine (XII). More. 


(X.) CPh(SNPh)-NH-CH,Ph or CPh(°N-CH,Ph)-NHPh — 
(XI.) CPh(7N-CH,Ph)-NMePh and CPh(:NPh)-NMe-CH,Ph (XIL) 
over, benzenylmethylamidine (XIII) reacts with methyl iodide to 
yield a mixture of the two isomeric monomethyl derivatives, 
methylamidobenzenylmethylimidine (XIV) and dimethylamidobenzenyl- 
imidine (XV), and benzenylbenzylamidine (XVI) similarly yields a 

(XIII.) CPh(;NMe)-NH, or CPh(7NH)NHMe —> 
(XIV.) CPh(;NMe)-NHMe and CPh(:NH)-NMe, (XV.) 
mixture of benzenylmethylbenzylamidine (XVII) and methylbenzyl- 
amidobenzenylimidine (XVIII). The constitutions of the methylated 

(XVI.) CPh(°N-CH,Ph)-NH, or CPh(7(NH)-NH-CH,Ph — 
(XVII.) CPh({N-CH,Ph)-NHMe and CPh(°‘NH)NMe:CH,Ph (XVIII) 
benzenylmethylamidines were readily determined, for on dis- 
tillation with 20 per cent. aqueous sodium hydroxide they were 
decomposed, with the formation of benzoic acid and the appropriate 
amines, for example, 


CPh(:NH):NMe, + 2H,0 = Ph-CO,H + NH, + NHMe. 


The methylated benzenylbenzylamidines, however, proved to be 
stable to this reagent, but the constitution of one of the two mono- 
methylated compounds, and therefore of the other also, was 
determined by reduction with sodium amalgam in alcoholic solu- 
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tion, a method devised by Beckmann and Fellrath (loc. cit.), when 
nethylamine and dibenzylamine were obtained. 


CPh(:NMe)‘NH-CH,Ph ++ 2H, = NH,Me + NH(CH,Ph), 


The products of methylation were worked up as completely as was 
practicable in all the above cases, a very large number of crystal- 
jsations as base, hydrochloride, hydriodide, or more usually picrate 
being necessary. In every case, there was always isolated, besides 
the mixture of the two monomethylated derivatives, some of the 
uchanged unmethylated amidiné. The presence of the latter is 
due to reactions which in total effect may be represented by the 
equation 
2NHRR’ + 2MeI = NHRR’,HI + NMe,RR’I 
and give rise to a molecule of dimethylated product for each molecule 
of unchanged material. Where R or R’ is hydrogen, the dimethyl- 
ated product is a tertiary base which can be isolated, and here the 
observed yield is given in the following table, but in all other cases 
it is a quaternary salt which was not isolated, and in these cases 
asterisked) the yield given is calculated from the amount of 
utchanged material in accordance with the above equation. 
The numerical results were as follows : 


Yields in percentage of theoretical of products obtained by the action 
of methyl iodide upon amidines NR:CPh:NHR’ or NHR-CPh:NR’, 


Products. 


3. 2. 3. 4, 

Dimethyl- Total Ratio 

ated deriv- accounted 1:2, 
R. R.” NMeR°CPh:NR’. NR:CPh*NMeR’. Unchanged. ative. for. 
I. Ph Me 62-4 , . ° 84-6 
Il. Ph CH,Ph 88-8 “é : “C 93°3 
Il, Ph H 82-7 bE ° ‘ 93-9 
IV. Me H 18-6 5° “{ 3°6 85-4 
V. CH,Ph H 8-3 “é . 60-7 


Before discussing the significance of the ratios in which the two 
isomeric monomethylated derivatives 1 and 2 are produced, an 
obvious criticism must be met. Clearly the dimethylated pro- 
duet 4 could be produced by the further methylation of either 
lor2. Thus, in case III, if the whole of the dimethylated product 
had been produced by the further methylation of 2 and none of 
it from 1, the true relative proportions of 1 and 2 would be as 15:1 
instead of as 150:1. It was necessary, therefore, to study the 
relative avidity of methylation of 1 and 2, and for this purpose a 
mixture of 1 mol. of each of the two isomerides methylphenyl- 
amidobenzenylimidine (VIII) and benzenylphenylmethylamidine 
(IX), dissolved in a little methyl alcohol to give a homogeneous 
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solution, was treated with 1 mol. of methyl iodide, when 33 per 
cent. of the first and 54 per cent. of the second were recovered 
unchanged. In view of the fact that the first compound is less 
readily separated from the mixture than the second, this result 
indicates that the rate of methylation of the two isomerides is 
somewhat similar, but that the isomeride produced in smaller 
quantity is actually methylated rather less readily than the other, 
The small yield of this compound is therefore not due to its 
preferential methylation. 

The production of two isomeric alkyl derivatives by the action 
of methyl iodide upon open-chain as well as upon cyclic amidines 
generally may now be regarded as established, and it becomes of 
interest to inquire whether the formation of the two isomerides 
is due to reaction of the amidine in two isomeric forms, for example, 
RN:CX:NHR’ and RNH:-CX:NR’, or to reaction of the amidine 
in a single form which becomes methylated in two different ways, 
for instance, by direct addition to the tertiary nitrogen and by 
substitution of the imino-group. 


_, RNMel-CX°"NHR’ —> RNMeCX:NR’ 


24500 
gadivo” 


RN:CX:NHR’ — 


Nt : ‘ 
tion ~ RN'CX:NMeR 


Different interpretations of the formation of an alkyl derivative 
NR:CX:NR’‘Alkyl by the action of an alkyl halide upon an un- 
symmetrical amidine capable of reacting in the tautomeric forms 
A and B have been given. 

(A) NR:CX:NHR’ (B) NHR:CX°NR’ 

Von Pechmann (Ber., 1897, 30, 1781), Lander (T., 1903, 83, 
320), and Cohen and Marshall (T., 1910, 97, 328), all of whom 
studied open-chain amidines, regard the formation of the above 
alkyl derivative as evidence that the amidine has reacted in the 
form A, that is to say, that the hydrogen atom has been replaced 
directly by the alkyl group. 

Wheeler (Amer. Chem. J., 1898, 20, 481) and Young and Crookes 
(T., 1906, 89, 59), on the other hand, were led through their studies 
of partly cyclic amidines to the opposite view, that the amidine 
has reacted in the form B in the formation of the above alkyl 
derivative. Moreover, Pinner and Schwarz (Ber., 1902, 35, 2441) 
have shown that N-alkylglyoxalines—cyclic amidines—react with 
alkyl halides to give quaternary salts of 1 : 3-dialkylglyoxalines, 
and consequently that the second alkyl group has become attached 
to the nitrogen atom, which is doubly linked to carbon. 
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Comparison of the properties of amidines with those of imino- 
ethers and acid amides led Burtles and Pyman (this vol., p. 363) 
to agree with the conclusions of Young and Crookes. Further 
work with open-chain amidines which do not contain a mobile 
hydrogen atom has confirmed our opinion. Thus, it is now shown 
(1) that methylphenylamidobenzenylimidine (VIII) reacts with 
methyl iodide to give methylphenylamidobenzenylmethylimidine 
(XIX), which was obtained in a yield of 61 per cent. of the 
theoretical, together with 13° per cent. of unchanged material and 


(VIII.) NMePh-CPh:NH —> NMePh:CPh:NMe (X!IX.) 


presumably an equivalent amount of a quaternary dimethylated 
product; (2) that dimethylamidobenzenylimidine (XV) reacts with 
methyl iodide to give dimethylamidobenzenylmethylimidine (XX) in 
a yield of 64 per cent. of the theoretical, together with 9 per cent. 
of unchanged material, and again presumably an equivalent amount 
of the corresponding quaternary salt; and (3) that methylphenyl- 


(XV.) NMe,-CPhINH —> NMe,-CPhiNMe (XX.) 


amidobenzenylmethylimidine (XIX) and dimethylamidobenzenyl- 
phenylimidine (VI) yield the same methiodide (X XI) when heated 
with methyl iodide. These results show clearly that the inter- 


NMePh-CPh:NMe (XIx.) —> NMePh-OPh:NMe,I == 
NMe,°CPh:NPh VI.) —> NMe,°CPh:NMePhI == 
- PhPhMe 4 
(XXL) Me:N: C? N:me} 


action of open-chain amidines with alkyl salts leads to the attach- 
ment of the alkyl group to the nitrogen atom, which is doubly 
linked to carbon, and lead to the conclusion that the formation 
of two isomeric alkyl derivatives by the action of methyl iodide 
upon open-chain amidines is due to the reaction of the amidine 
in two isomeric forms. 

Reference will now be made to the relative yields of the pairs of 
isomeric monomethylated amidines. Previous investigators (Young 
and Crookes, loc. cit.; Cohen and Marshall, loc. cit.) have pointed 
out that the sole alkyl derivative isolated from the products of 
alkylation of amidines RN:CX:NHR’ or RNH-CX:NR’ (where R 
and R’ differed in character) was that in which the alkyl group 
was attached to the less basic nitrogen atom. Moreover, a con- 
nexion between enolising power of a group R and the dissociation 
constant of the corresponding acid (R-OH) in compounds of the 
formula X-CO-CH,R == X-C(OH):CHR has been pointed out by 
Claisen (Ber., 1892, 25, 1763) and confirmed by K. H. Meyer (Ber., 
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solution, was treated with 1 mol. of methyl iodide, when 33 per 
cent. of the first and 54 per cent. of the second were recovered 
unchanged. In view of the fact that the first compound is less 
readily separated from the mixture than the second, this result 
indicates that the rate of methylation of the two isomerides is 
somewhat similar, but that the isomeride produced in smaller 
quantity is actually methylated rather Jess readily than the other. 
The small yield of this compound is therefore not due to its 
preferential methylation. 

The production of two isomeric alkyl derivatives by the action 
of methyl iodide upon open-chain as well as upon cyclic amidines 
generally may now be regarded as established, and it becomes of 
interest to inquire whether the formation of the two isomerides 
is due to reaction of the amidine in two isomeric forms, for example, 
RN:CX:NHR’ and RNH-CX:NR’, or to reaction of the amidine 
in a single form which becomes methylated in two different ways, 
for instance, by direct addition to the tertiary nitrogen and by 
substitution of the imino-group. 


_, RNMel-CX'NHR’ —> RNMeCX:NR’ 


paaitio® 


RN:CX:NHR’ — 


Babe " , 
jon” RN°'CX-NMeR 


Different interpretations of the formation of an alkyl derivative 
NR‘:CX:NR’Alkyl by the action of an alkyl halide upon an un- 
symmetrical amidine capable of reacting in the tautomeric forms 
A and B have been given. 

(A) NR:CX:NHR’ (B) NHR-CX°NR’ 

Von Pechmann (Ber., 1897, 30, 1781), Lander (T., 1903, 83, 
320), and Cohen and Marshall (T., 1910, 97, 328), all of whom 
studied open-chain amidines, regard the formation of the above 
alkyl derivative as evidence that the amidine has reacted in the 
form A, that is to say, that the hydrogen atom has been replaced 
directly by the alkyl group. 

Wheeler (Amer. Chem. J., 1898, 20, 481) and Young and Crookes 
(T., 1906, 89, 59), on the other hand, were led through their studies 
of partly cyclic amidines to the opposite view, that the amidine 
has reacted in the form B in the formation of the above alkyl 
derivative. Moreover, Pinner and Schwarz (Ber., 1902, 35, 2441) 
have shown that N-alkylglyoxalines—cyclic amidines—react with 
alkyl halides to give quaternary salts of 1 : 3-dialkylglyoxalines, 
and consequently that the second alkyl group has become attached 
to the nitrogen atom, which is doubly linked to carbon. 


ve 
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Comparison of the properties of amidines with those of imino- 
ethers and acid amides led Burtles and Pyman (this vol., p. 363) 
to agree with the conclusions of Young and Crookes. Further 
work with open-chain amidines which do not contain a mobile 
hydrogen atom has confirmed our opinion. ‘Thus, it is now shown 
(1) that methylphenylamidobenzenylimidine (VIII) reacts with 
methyl iodide to give methylphenylamidobenzenylmethylimidine 
(XIX), which was obtained in a yield of 61 per cent. of the 
theoretical, together with 13: per cent. of unchanged material and 


(VIII.) NMePh-CPh:NH —> NMePh:CPh:NMe (XIX.) 


presumably an equivalent amount of a quaternary dimethylated 
product; (2) that dimethylamidobenzenylimidine (XV) reacts with 
methyl iodide to give dimethylamidobenzenylmethylimidine (XX) in 
a yield of 64 per cent. of the theoretical, together with 9 per cent. 
of unchanged material, and again presumably an equivalent amount 
of the corresponding quaternary salt; and (3) that methylphenyl- 


(XV.) NMe,CPhINH —> NMe,‘CPhiNMe (XX) 


amidobenzenylmethylimidine (XIX) and dimethylamidobenzenyl- 
phenylimidine (VI) yield the same methiodide (X XI) when heated 
with methyl iodide. These results show clearly that the inter- 


NMePh:CPh:NMe (xXIx.) —> NMePh-OPh:NMe,I == 
NMe,°CPh:NPh VI.) —> NMe,°CPh:NMePhI == 

- PhPhMe ) 

(xx~) _Metit?0': Nime!! 

action of open-chain amidines with alkyl salts leads to the attach- 
ment of the alkyl group to the nitrogen atom, which is doubly 
linked to carbon, and lead to the conclusion that the formation 
of two isomeric alkyl derivatives by the action of methyl iodide 
upon open-chain amidines is due to the reaction of the amidine 
in two isomeric forms. 

Reference will now be made to the relative yields of the pairs of 
isomeric monomethylated amidines. Previous investigators (Young 
and Crookes, loc. cit.; Cohen and Marshall, loc. cit.) have pointed 
out that the sole alkyl derivative isolated from the products of 
alkylation of amidines RN:CX:NHR’ or RNH-CX:NR’ (where R 
and R’ differed in character) was that in which the alkyl group 
was attached to the less basic nitrogen atom. Moreover, a con- 
nexion between enolising power of a group R and the dissociation 
constant of the corresponding acid (R*OH) in compounds of the 
formula X-CO-CH,R == X-C(OH):CHR has been pointed out by 
Claisen (Ber., 1892, 25, 1763) and confirmed by K. H. Meyer (Ber., 
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1912, 45, 2843). It seemed possible, therefore, that the relative 
basicity of the two amines R-NH, and R’-NH, might determine 
the proportion of the isomeric methyl derivatives produced on the 
alkylation of amidines of the above general formula. Examination 
of the figures given on p. 3361, however, shows that the relative 
basicity of the amines R-NH, and R’-NH, is not the sole factor in 
determining the relative yields of the two isomeric monomethylated 
amidines, for in each of the cases I, II, and III, where R = Ph, 
and R’ = Me, CH,Ph, and H, the nitrogen attached to phenyl 
is methylated to the greater extent, that is to say, NMePh-CPh:NR’ 
is produced to a greater extent than NPh:CPh:NMeR’, where the 
three bases R’*-NH, are stronger bases than aniline, whilst, on the 
other hand, by comparing the three cases it is observed that 
NPh:CPh:NMeR’ is produced in greater proportion the stronger 
the base R’-NH, (K = 50, 2-4, 1:8 x 10° for MeNH,, CH,Ph-NH,, 
and NH,, respectively), and again in case IV, NMe,°CPh:NH is 
obtained in larger quantity than NMe:CPh:NHMe, methylamine 
being a stronger base than ammonia. Consideration of the products 
of methylation of benzenylbenzylamidine is omitted in view of the 
fact that they could not be isolated even approximately quanti- 
tatively. 

This investigation is being continued and extended to include 
some types of partly cyclic amidines and a full discussion of the 
results is reserved for a later communication. In the meantime, 
it may be pointed out that the results obtained hitherto harmonise 
with the assumption that the relative yields of the two mono- 
methyl derivatives obtained by the action of methyl iodide upon 
amidines, open-chain or cyclic, of the general formula NR:CX:NHR’ 
or NHR-CX:NR’ (in cyclic amidines R and R’ are linked together) 
depend upon the polar characters of the groups R and R’, which 
influence the result in two directions. 

The most important effect appears to be the influence of positive 
groups (such as phenyl) on the position of the double linking; 
the well-known isomeric changes of By- to «f-unsaturated acids, 
and of @-phenylpropylene into «-phenylpropylene suggest that 
benzenylphenylmethylamidine reacts preferably in the form A 
rather than in the form B, which is consistent with the preferential 


NPh:CPh:-NHMe (A) NHPh:CPh:NMe (B) 


formation of NMePh:CPh:NMe on treatment with methyl iodide, 
since it has been shown above that this reagent methylates the 
nitrogen atom which is doubly linked to carbon. 

The subsidiary effect appears to be the influence of the groups 
R and R’ on the polarity of the nitrogen atoms. Thus, 4(or 5)- 
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methylglyoxaline yields with methyl iodide the 1 : 4- and 1 : 5-di- 
methyl derivatives in the proportion of 2-2: 1 (Pyman, T., 1910, 
97, 1814; 1922, 124, 2616) and is thus regarded as reacting to the 
extent of some 70 per cent. as 5-methylglyoxaline (XXII), and 
30 per cent. as 4-methylglyoxaline (XXIII). In the predominant 


CH: ‘NMe> oy 


CH: ee 
CH (XXIT.) —> 
H,C: G: -NH™ CMe —h 
+ o-+- 
+t 


CH: NH” CH— —y" 


JH. 


form, namely, as 5-methylglyoxaline, the polarity of the tertiary 
nitrogen atom induced by the methyl group is positive, and that 
of the secondary nitrogen atom negative. 

Methylation of 5(or 4)-nitro-4(or 5)-methylglyoxaline gave 5-nitro- 
] : 4-dimethylglyoxaline and 4-nitro-1 : 5-dimethylglyoxaline in the 
proportions of 233:1. Here, the parent compound is reacting 
almost wholly as 4-nitro-5-methylglyoxaline (XXIV) in which the 
induced positive ow of the tertiary nitrogen atom and the 


uf 


H. “C CN HO 
+ —+- 
induced negative polarity of the secondary nitrogen atom are 
greatly enhanced as compared with the case of 5-methylglyoxaline. 
The methylation of benzenylmethylamidine is similar to that of 
4(or 5)-methylglyoxaline, NMe,-CPh:NH and NMe:CPh-NHMe 
being produced in quantities which indicate that the original 


+ —+ 
amidine is reacting to the greater extent in the form H,C-N:CPh'NH,, 
where again the polarity of the doubly linked nitrogen atom induced 
by the methyl group is positive. 


EXPERIMENTAL. 


Methylation of Benzenylphenylamidine.—Benzenylphenylamidine 
was prepared by the action of benzanilide iminochloride upon 
aniline (von Pechmann, Ber., 1897, 30, 1782) in poor yield, only 
16 grams of the pure compound being obtained from 100 grams 
of benzanilide. It crystallised from alcohol in rosettes of spikes, 
which melted at 115—116° (corr.). Von Pechmann (loc. cit.) gives 
112°, and Bernthsen and Szymanski (Ber., 1880, 13, 918), who 
describe the substance as indefinitely crystalline, 114-5—-115°. 

Seventeen grams of pure benzenylphenylamidine were dissolved 
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in 34 c.c. of methyl iodide by gentle warming and kept over-night. 
The excess of methyl iodide was then removed, the residue dis. 
solved in hot water and added to a solution of 20 grams of picric 
acid in 800 c.c. of hot water. A large crop (34 grams) of crystalline 
picrates was deposited, and further crops were obtained from the 
mother-liquor. These were purified by fractional crystallisation 
from alcohol, and gave 29-95 grams of pure methylphenylamido. 
benzenylimidine picrate (A), melting at 184° (corr.) (von Pechmann 
gives 184°), and 1-75 grams of pure methylphenylamidobenzenyl. 
methylimidine picrate (D), melting at 174—176° (corr.). All 
remaining crops of picrates and their mother-liquors were then 
combined and converted into a mixture of bases (3-3 grams), which 
on treatment with ether deposited 0-67 gram of nearly pure 
benzenylphenylamidine (C) melting at 112—114°. The filtrate was 
deprived of ether and converted into picrates, when on fractionation, 
further quantities of A (1-55 grams) and D (0-2 gram) were isolated 
in a pure state. From the mother-liquors the bases were then 
regenerated and amounted to 1-25 grams. On treatment with ether, 
this product deposited 0-15 gram of crude C, m. p. 86—90°, and 
after removing the ether, it was digested with warm light petroleum, 
when another 0-15 gram of crude C, melting at 80—90°, remained 
undissolved. The filtrate from this deposited, on cooling, 0-15 gram 
of crude benzenylphenylmethylamidine (B), which gave 0-1 gram 
of the nearly pure base, melting at 132—133° after crystallisation 
from alcohol. After a further crystallisation from alcohol, this 
compound melted at 135° (corr.), alone or mixed with a specimen 
prepared by the action of benzomethylamide iminochloride upon 
aniline, whilst its picrate melted at 169—170° (corr.), alone or 
mixed with the picrate of the synthetic base. The final mother- 
liquor gave 0-8 gram of an oily base, which gave a difficultly separ- 
able mixture of picrates and was rejected. The yields in percentage ~ 
of the theoretical are given in the table on p. 3361. 

Methylation of Methylphenylamidobenzenylimidine (1 Mol.) and 
Benzenylphenylmethylamidine (1 Mol.) with Methyl Iodide (1 Mol.).— 
10-5 Grams each of methylphenylamidobenzenylimidine (A) and 
benzenylphenylmethylamidine (B) were heated on the water-bath 
with 5 c.c. of methyl alcohol, when a clear solution resulted. To 
this, 7-1 grams of methyl iodide were added through a reflux con- 
denser, when gentle ebullition took place. The mixture was kept 
for two days, and then mixed with water and ether, when 4-2 grams 
of crude B remained undissolved, whilst a further quantity of 
1-7 grams of the same base separated on concentrating the ethereal 
solution. The ethereal mother-liquor was combined with the 
product obtained by basifying the aqueous extract and extracting 
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with ether, and the resulting oily bases were converted into the 
picrates and crystallised fractionally from alcohol, when 11-6 grams 
of the picrate of methylphenylamidobenzenylmethylimidine (D) 
and 3-6 grams of the picrate of A were obtained in a nearly pure 
state. All the mother-liquors from the crystallisation of the 
picrates were then combined and the bases were regenerated, 
when 7 grams of oil were obtained, which deposited 0-6 gram of 
crude B on the addition of light petroleum. The bases from the 
mother-liquor were again converted into picrates and gave further 
quantities of A and D. 

Finally, there were obtained in a pure state 5-65 grams of B, 
that is, 53-8 per cent. of the quantity taken, 7-15 grams of the 
picrate of A equivalent to 32-6 per cent. of the quantity taken, 
and 11-65 grams of D, that is, 51-4 per cent. of the theoretical 
yield based upon the quantity of methyl iodide employed. There 
remained a quantity of oily base which gave no more of B on 
treatment with light petroleum, and on conversion into the 
picrate gave a mixture of crystals which could not be separated 
further. 

Methylation of Methylphenylamidobenzenylimidine—Von Pech- 
mann (Ber., 1897, 30, 1782) states that the above base on heating 
with methyl iodide yields methylphenylamidobenzenylmethyl- 
imidine, which melts at 56°,* but does not state the yield. 

Three grams of pure methylphenylamidobenzenylimidine, which 
melted at 84—85° (corr.) (von Pechmann gives 85°), were dissolved 
in 6 c.c. of methyl iodide. The solution became first ice-cold and 
then gradually warm. After keeping for two days, when it had 
become partly crystalline, the excess of methyl iodide was removed, 
and the bases regenerated and converted into picrates. On frac- 
tional crystallisation from alcohol, there were obtained in a pure 
state 3-9 grams of methylphenylamidobenzenylmethylimidine 
picrate, melting at 174—176° (corr.), and 0-8 gram of methylphenyl- 
amidobenzenylimidine picrate, melting at 184° (corr.). These 
yields amount to 60 and 13 per cent. of the theoretical, respectively, 
and allowing for 13 per cent. of quaternary salt, corresponding 
to the unchanged material, account for 86 per cent. of the material 
employed. 

* In Part II (this vol., p. 370), it was recorded that methylphenylamido- 
benzenylmethylimidine melted at 65—66° (corr.), 10° higher than the tem- 
perature given by von Pechmann. The identity of the base melting at 65— 
66° was confirmed at the time by re-conversion into the picrate which melted 
at 174—176° (corr.), but unfortunately no specimen of the base was pre- 
served. The base has since been prepared on several occasions from the 
Ppicrate melting at 174—176° (corr.) and always found to melt at 56° as 
stated by von_Pechmann. 
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Methylation of Methylphenylamidobenzenylmethylimidine and Di. 
methylamidobenzenylphenylimidine—Each of the above bases was 
digested with excess of methyl iodide for several hours on the 
water-bath under reflux, and thus converted quantitatively into a 
crystalline methiodide which, after drying at 100°, melted at 176— 
178° in each case. After recrystallisation from water, each product 
melted at 177—179° (corr.) after drying at 100°, and a mixture of 
the two melted at the same temperature. The product from either 
source forms colourless prisms which are readily soluble in hot, 
but sparingly soluble in cold water, and very easily soluble in methy| 
alcohol [Found: (A) in salt from NMePh-CPh:NMe; (B) in salt 
from NMe,°CPh:NPh; loss at 100° (A) 1-6; (B) 1-1; on material 
dried at 100°, IT=(A) 344; (B) 34-7. C,gH, N,I requires 
I = 34-8 per cent.]. 

Methylation of Benzenylphenylbenzylamidine.—Benzenylphenyl. 
benzylamidine was prepared by the action of benzanilide imino. 
chloride upon benzylamine (2 mols.) according to Beckmann and 
Fellrath (loc. cit.), when a yield amounting to 63 per cent. of the 
theoretical of the pure base melting at 100° (corr.) was obtained. 

Forty grams of benzenylphenylbenzylamidine were dissolved in 
40 c.c. of methyl iodide by gentle warming. After keeping for about 
ten minutes, crystallisation commenced, causing gentle ebullition. 
The mixture was kept for two days and the crystalline product 
purified by crystallisation from methyl alcohol, when 52-55 grams 
of methylphenylamidobenzenylbenzylimidine hydriodide (X) were 
obtained pure, melting at 232—233° (corr.). The syrupy hydriodides 
remaining were converted into the bases, which were mixed with 
light petroleum, when 0-4 gram of unchanged benzenylphenyl- 
benzylamidine was deposited in a nearly pure state; it melted at 
100° after softening from 95°, and its melting point was not 
depressed by admixture with known material. 

The bases soluble in light petroleum were converted into hydro- 
chlorides, and the hydrochlorides extracted from aqueous solution 
by means of chloroform. The chloroform residue was dissolved in 
very little absolute alcohol, mixed with a little absolute ether, 
and inoculated with methylbenzylamidobenzenylphenylimidine 
hydrochloride (Y), prepared by the action of benzanilide imino- 
chloride upon methylbenzylamine (Beckmann and Fellrath, loc. 
cit.), when 1-0 gram of this salt separated in a pure state, melting 
at 206-—207° (corr.), alone or mixed with the material obtained 
by the direct method. On converting the residue from the filtrate 
into hydriodides, a further 0-6 gram of X was obtained, and the 
mother-liquors from this were converted into hydrochlorides and 
gave another 0-2 gram of Y. 
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The yields are thus 88-8 per cent. of X, 2-5 per cent. of Y 
(ratio 35 : 1), and 1 per cent. unchanged. 

Methylphenylamidobenzenylbenzylimidine was liberated from the 
pure hydriodides and melted at 89—90° (corr.). Beckmann and 
Fellrath (loc. cit.) give 90-5°; Lander (loc. cit.) 89—90°. 

Methylbenzylamidobenzenylphenylimidine was prepared from 
the hydrochlorides obtained (1) by the action of benzanilide imino- 
chloride on methylbenzylamine, and (2) by the methylation of 
benzenylphenylbenzylamidine. Both specimens and a mixture of 
the two melted at 63—65° (corr.). Beckmann and Fellrath (loc. 
cit.) give 67°. 

Benzenylmethylamidine.—The hydrochloride of this base was 
first prepared by Wheeler (Amer. Chem. J., 1898, 20, 481) by the 
interaction of the hydrochloride of benziminoethyl ether and 
aqueous methylamine, and described as colourless needles, which 
were not extremely soluble in water and contained Cl = 20-75 per 
cent. This analysis was evidently carried out with the dried salt, 
which requires Cl = 20-8 per cent. 

This salt may be obtained in yields not exceeding about 30 per 
cent. of the theoretical either by Wheeler’s method, or by the action 
of methyl iodide upon benzamidine, or by the action of ammonia 
upon the iminochloride of benzomethylamide. It may be pre- 
pared readily and in excellent yield by the following method : 
To a solution of 23 grams of sodium in 400 c.c. of absolute alcohol, 
67 grams of methylamine hydrochloride were added, and the mixture 
was shaken occasionally during one hour. The turbid liquor was 
then poured on to 140 grams of benziminoethy! ether hydrochloride, 
and the mixture well shaken and placed in a bath of cold water. 
After keeping over-night, sodium chloride was separated by 
filtration and washed well with alcohol. The filtrate and washings 
were then evaporated to dryness, and the residue crystallised 
from water, when 130 grams of pure benzenylmethylamidine hydro- 
chloride were obtained, that is, 83 per cent. of the theoretical yield. 

Benzenylmethylamidine hydrochloride crystallises from water 
in colourless needles, which contain 2H,O, and after drying at 
100° melt at 222—223° (corr.) [Found: loss at 100° = 17-8, 17-6; 
N (by Kjehldahl’s method) = 14:0; Cl = 16:8. C,H, )N,,HCl,2H,O 
requires H,O = 17-4; N = 13-5; Cl = 17-2 per cent.]. On com- 
bustion, the substance gave rise to volatile products which passed 
through the combustion tube largely unchanged, so that estimations 
of carbon and hydrogen by this method were variable and worthless.* 


* Other halide salts of amidines, namely, dimethylamidobenzenylmethyl- 
imidine hydriodide and benzenyldibenzylamidine hydrochloride, behaved 
similarly on combustion. 


5 1T* 
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The picrate crystallised from alcohol in woolly needles which 
were anhydrous and melted at 130—132° (corr.) (Found : C = 45:8, 
46-1; H = 4-0, 3-9. C,H, )N,,C,H,0,N, requires C = 46-3; H = 
3-6 per cent.). The base was obtained as an oil which did not 
crystallise after keeping for five weeks. 

Methylation of Benzenylmethylamidine.—Fifty grams of benzeny]l- 
methylamidine hydrochloride (containing 2H,O) were mixed with 
aqueous sodium hydroxide, and the base was extracted with 
chloroform. The chloroform residue was mixed with 50 c.c. of 
methyl iodide, when a vigorous reaction took place with the 
evolution of heat. The mixture was at first cooled in running 
water and subsequently warmed for a few minutes under reflux, 
when a partly crystalline product was obtained. On the addition 
of about 20 c.c. of methyl alcohol, 17-4 grams of crude dimethyl- 
amidobenzenylmethylimidine hydriodide were collected. From 
the filtrate, the bases were regenerated, converted into hydro- 
chlorides, and crystallised, when 10 grams of crude benzenyl- 
methylamidine hydrochloride were obtained. The bases regener- 
ated from the hydrochloride mother-liquor by means of sodium 
hydroxide and chloroform were next converted into picrates, which 
were fractionally crystallised from alcohol so long as crops of the 
two benzenyldimethylamidine picrates continued to separate. 
The picrates in the mother-liquors were then converted into hydro- 
chlorides, when a further quantity of benzenylmethylamidine 
hydrochloride separated. The mother-liquors gave on treatment 
with sodium iodide a further small crop of the trimethylamidine 
hydriodide, and the filtrate from this was worked up for the bases 
which it contained, and these were converted into the picrates and 
fractionally crystallised. The operations of crystallisation as 
hydrochloride, hydriodide, and picrate were repeated on the 
remaining material. 

The picrates were purified by recrystallisation from alcohol and 
the hydrochloride and hydriodide from water, when there were 
obtained in a pure state 16-95 grams of dimethylamidobenzenyl- 
imidine picrate, 13-92 grams of methylamidobenzenylmethylimidine 
picrate, 13-95 grams of benzenylmethylamidine hydrochloride, and 
16-6 grams of dimethylamidobenzenylmethylimidine hydriodide, 
these yields being 18-6, 15-3, 27-9, and 23-6 per cent. of the 
theoretical, respectively, and amounting in all to 85-4 per cent. 

In two previous experiments in which the total material was 
less satisfactorily accounted for, starting from 20 and 100 grams of 
benzenylmethylamidine hydrochloride, the yields of the four 
products in the above order were 18-4 and 16-8, 9-8 and 11:3, 
18-4 and 22-0, 23-4 and 18-8 per cent. of the theoretical respectively. 
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Dimethylamidobenzenylimidine wpicrate crystallises from alcohol 
in deep yellow, diamond-shaped or hexagonal plates, which sinter 
from 122° and melt sharply at 134° (corr.). It is anhydrous 
(Found: C = 47-4; H=40. C,H,.N2,C;H,0;N, requires C = 
47-8; H = 4-0 per cent.). 

The hydrochloride crystallises from absolute alcohol in colourless 
prisms, which are anhydrous and melt at 252—253° (corr.). It is 
very easily soluble in water or alcohol (Found: Cl = 18-8. 
(C,H ,2N>,HCl requires Cl = 19-2 per cent.). The base was obtained 
as an oil which did not crystallise. After keeping for six weeks, 
the oil deposited benzamide in large crystals and had a strong 
odour of a volatile amine. 

A quantity of the hydrochloride was distilled with an excess 
of 10 per cent. aqueous sodium hydroxide, and the volatile amines 
were collected in hydrochloric acid. On evaporating this solution 
to dryness, there remained a mixture of chlorides which were 
separated by means of chloroform. The insoluble portion was 
insoluble in absolute alcohol, and infusible, and proved to be 
ammonium chloride (Found: Cl = 66-1. Cale., Cl = 66-3 per 
cent.). The portion soluble in chloroform melted at 155—165°, 
but after crystallisation from absolute alcohol, formed deliquescent 
plates, melting at 170°, and consisted of dimethylamine hydro- 
chloride (Found : Cl = 42-7. Cale., Cl = 43-5 per cent.). 

Methylation Eight grams of dimethylamidobenzenylimidine 
hydrochloride were mixed with aqueous sodium hydroxide and the 
base was collected by means of ether. After removing the solvent, 
the residue was cooled and mixed with 8 c.c. of methyl iodide. 
The mixture gradually became warm, and soon crystallised almost 
explosively. After adding a few c.c. of methyl alcohol, the crystals 
were collected and recrystallised from water, when 7:8 grams of 
dimethylamidobenzenylmethylimidine hydriodide (M) were obtained 
in a pure state, melting at 258—262° (corr.), alone or mixed with a 
specimen prepared by the methylation of benzenylmethylamidine. 
From the mother-liquors, the bases were regenerated and crysial- 
lised as picrates, when 1-45 grams of dimethylamidobenzenylimidine 
picrate was obtained in a pure state, melting at 134° (corr.) after 
sintering earlier. Finally, the base from the residual picrates was 
converted into hydriodides, when a further quantity of 0-2 gram 
of M hydriodide was obtained in a pure state. 

The yield of M is thus 63-6 per cent. of the theoretical, whilst 
8-9 per cent. of the original base was recovered unchanged. 

Methylamidobenzenylmethylimidine crystallised from ether in 
colourless, elongated plates which melt at 80—81° (corr.). It is 


fairly easily soluble in water and very easily soluble in alcohol, 
51* 2 
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ether, chloroform, or benzene (Found: loss in a vacuum = 5:2. 
C.H,.N.,4H,O requires H,O = 5:7 per cent. Found: in dried 
base, C = 728; H = 8-1. CyH,.N, requires C= 73:0; H = 81 
per cent.). 

The picrate crystallises from alcohol in stout, yellow rods, which 
are anhydrous and melt at 171—172° (corr.) (Found: C = 47-7, 
47-5; H = 44,4-0. C,H,.N»,,Cg,H,0,N; requires GC = 47-8; H =40 
per cent.). 

The hydrochloride crystallises from absolute alcohol in colourless 
spikes which are anhydrous and melt at 255—256° (corr.) (Found : 
Cl = 19-3. C,H, .N,,HCl requires Cl] = 19-2 per cent.). 

A quantity of the hydrochloride was distilled with an excess of 
10 per cent. aqueous sodium hydroxide, and the volatile amines 
were collected in hydrochloric acid. On evaporating this solution 
to dryness, there remained a residue wholly soluble in absolute 
alcohol and yielding only traces to chloroform, which consisted of 
nearly pure methylamine hydrochloride. After crystallisation from 
absolute alcohol, this salt melted at 228° and was found to contain 
Cl = 52-4 (Calc., Cl = 52-6 per cent.). 

Dimethylamidobenzenylmethylimidine hydriodide crystallises from 
water in colourless needles which are anhydrous and melt at 
258—262° (corr.). It is sparingly soluble in cold water (Found: 
I = 43-8, 43-7. Cj 9H,,N,,HI requires I = 43-8 per cent.). 

The picrate crystallises from alcohol in long plates which soften 
from 136° and melt at 138° (corr.) (Found: C = 48-8; H = 4-9. 
C1 9H,,N,,C,H,0,N, requires C = 49-1; H = 4-3 per cent.). The 
base was obtained as an oil which did not crystallise after keeping 
for five weeks. 

A quantity of the hydriodide was distilled with an excess of 10 per 
cent. aqueous sodium hydroxide, and the volatile amines were 
collected in hydrochloric acid. On evaporating this solution, there 
remained a residue which was wholly soluble in alcohol, but could 
be separated by means of chloroform. The insoluble portion was 
identified as methylamine hydrochloride by its melting point, 226°, 
after crystallisation from absolute alcohol, and by analysis of the 
chloroplatinate (Found: Pt = 41-0. Calc., Pt = 41-3 per cent.). 
The portion soluble in chloroform was identified as dimethylamine 
hydrochloride by conversion into the chloroplatinate and analysis 
(Found: Pt = 39-0. Calc., Pt = 39-0 per cent.). 

Benzenylbenzylamidine.—Benzenylbenzylamidine may be obtained 
in the form of the hydrochloride in poor yield by the process 
described by Hofmann and Gabriel (Ber., 1892, 25, 1585). An 
improved yield is obtained by the following method. 

Thirty grams of benziminoethyl ether hydrochloride were mainly 
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dissolved in 100 c.c. of warm absolute alcohol. The solution was 
quickly cooled and mixed with 34 grams of benzylamine, when the 
temperature rose to about 40°. The imino-ether salt dissolved 
and benzenylbenzylamidine hydrochloride slowly crystallised out. 
After keeping over-night, 18-5 grams of this salt, melting at 229°, 
were collected, and the mother-liquor was acidified with dilute 
hydrochloric acid and concentrated to remove alcohol, when it 
deposited various crops of sparingly soluble hydrochlorides melting 
between 210° and 160°, and eventually benzylamine hydrochloride. 
The sparingly soluble hydrochlorides melting at about 160° readily 
gave on crystallisation from water a salt, melting at 180—181° 
(corr.), which is probably benzenyldibenzylamidine hydrochloride, 
CPh(-N-CH,Ph)-NH°CH,Ph,HCl, judging from its method of 
formation, and analysis of the salt and the corresponding picrate, 
but crystallisation of the hydrochlorides melting at about 210° 
did not readily effect a separation. The whole of the crude benzenyl- 
benzylamidine hydrochloride was therefore converted into the 
picrate and crystallised from alcohol, when 51-5 grams of the pure 
salt were obtained, that is, 72 per cent. of the theoretical yield. 

Benzenylbenzylamidine picrate crystallises from alcohol in stout, 
prismatic needles, which are anhydrous and melt at 169—170° 
(corr.) (Found : C = 54:3; H=3-9. C,,H,,N,,C,H,0,N, requires 
C = 54:7; H = 3-9 per cent.). 

From this, the pure base melting at 77—78° (corr.) and hydro- 
chloride melting at 227—-229° (corr.) were prepared; Hofmann 
and Gabriel (loc. cit.) give the melting points 77—78° and 222—-225°, 
respectively. 

The mother-liquors of the above picrates deposited some benzyl- 
amine picrate, which crystallised from alcohol in prismatic needles, 
softening from 190° and melting at 198—202° (corr.), alone or 
mixed with a specimen prepared from the two components. 

Benzenyldibenzylamidine hydrochloride crystallises from water in 
large prisms, which are anhydrous and melt at 180—181° (corr.). 
It is readily soluble in hot, but sparingly soluble in cold water 
(Found: Cl = 10-6. C,,H,)N,,HCl requires Cl = 10-5 per cent.). 
The base was not decomposed when boiled with 10 per cent. aqueous 
sodium hydroxide. { 

The picrate crystallises from alcohol in needles which are anhydrous 
and melt at 146—147° (corr.) (Found: C=610; H = 4-4. 
C, ,HoyN2,C,H,0,N, requires C = 61:2; H = 4:3 per cent). 

Methylation of Benzenylbenzylamidine—Thirty-five grams of the 
base were mixed with 35 c.c. of methyl iodide, and a vigorous 
reaction took place after keeping for a short time. The bases 
regenerated from the product were converted first into hydro- 
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chlorides, when 7-8 grams of benzenylbenzylamidine hydrochloride, 
melting at 227—229°, separated from aqueous solution, and then 
into picrates, when there separated from alcoholic solution in the 
course of a few days about 4 grams of crude methylbenzylamido. 
benzenylimidine picrate. After several weeks, the mother-liquor 
deposited a quantity of crude methylbenzylamidobenzenylmethyl- 
imidine picrate, and, on the removal of this, crude benzenylmethyl- 
benzylamidine picrate crystallised from the mother-liquor. After 
a long series of fractional crystallisations from alcohol, quantities 
of the three picrates were obtained in the pure state, but the methyl. 
benzylamidobenzenylimidine picrate frequently separated in crusts 
or warty masses contaminated with benzenylbenzylamidine picrate; 
in order to purify mixtures of this nature, it was necessary to 
remove the latter base as hydrochloride, and then reconvert the 
residual bases into picrates. The yields of pure products isolated 
are given in the table on p. 3361. 

Methylbenzylamidobenzenylimidine picrate crystallises from alcohol 
in elongated prisms which are anhydrous and melt at 156—158° 
(corr.) (Found: C = 55-4,55-4; H = 4-4,4:3. C,;H,,N,,C,5H,0,N, 
requires C == 55-6; H = 4-2 per cent.). 

The hydrochloride crystallises from dilute hydrochloric acid in 
clear, well-formed prisms, which contain 4H,O and after drying at 
100° soften from 176° and melt at 179—180° (corr.). It is easily 
soluble in water (Found: in air-dried salt, H,O = 2-8; in dried 
salt, Cl = 13-3. C,;H,,N,,HCI1,4H,O requires H,O = 3-3 per cent. 
C,;H,,N,,HCl requires Cl = 13-6 per cent.). The base did not 
crystallise. It was not decomposed by boiling with 20 per cent. 
aqueous sodium hydroxide, and was only slowly attacked by 
sodium amalgam in alcoholic solution, when ammonia, identified 
as hydrochloride, was the only product identified with certainty, 
although some benzylamine appeared to be formed. 

Benzenylmethylbenzylamidine crystallises from ether in balls of 
microscopic needles, which melt at 71—73° (corr.). It is anhydrous, 
almost insoluble in water or light petroleum, very readily soluble 
in alcohol, and readily soluble in ether (Found : C = 80-1; H = 7:1. 
C,;H,gN, requires C = 80:3; H=7-1 per cent.). It was not 
decomposed by boiling 20 per cent. aqueous sodium hydroxide. 
The hydrochloride did not crystallise. 

The picrate crystallises from alcohol in fine needles which are 
anhydrous and melt at 118—122° (corr.) (Found: C = 556; 
H= 4-3. C,;H,,N.,C,H,;0,N, requires C = 55:6; H = 4-2 per 
cent.). 

Reduction—0-5 Gram of the above base was dissolved in 50 c.c. 
of absolute alcohol, mixed with 50 grams of 2-5 per cent. sodium 
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amalgam, and warmed gently for two hours, volatile amines being 
collected in hydrochloric acid. Aqueous sodium hydroxide was 
then added to the alcoholic solution, and the alcohol was distilled 
into the hydrochloric acid. The distillate was evaporated to 
dryness, mixed with aqueous sodium hydroxide, and extracted with 
ether (E). It was then distilled into dilute hydrochloric acid, when 
the solution gave on evaporation methylamine hydrochloride, 
which, after crystallisation from absolute alcohol, melted at 228°, 
alone or mixed with a known specimen. The ethereal extract (E) 
was used to extract the original alkaline solution, and evaporated, 
the residue yielding with hydrochloric acid a quantity of elongated 
plates which melted at 260° (corr.), alone or mixed with dibenzyl- 
amine hydrochloride, of which a pure specimen melted in the 
same bath at 261° (corr.). 

Methylbenzylamidobenzenylmethylimidine picrate crystallises from 
alcohol in glistening, golden leaflets which are anhydrous and melt at 
119—120° (corr.) (Found: C = 56-6; H = 4-4. C,,H,,N,,C,H,;0;N3 
requires C = 56:5; H = 4:5 per cent.). 


The author is indebted to Mr. I. E. Balaban, M.Sc.Tech., for 
carrying out the analyses recorded in this paper. 
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CCCXCVIII.—Bromonitrocoumarins and their Reaction 
with Alkalis. 


By Biman Briaart Dey and Karnap KrisHna Row. 


Some time ago, it was shown by one of us (Dey, T., 1915, 107, 
1618) that 1-methyl-4 : 3-8-naphthapyrone, when warmed with 
aqueous alkali, formed an acid which could be crystallised from 
hot alcohol without undergoing any change. In spite of its remark- 
able stability, this acid was regarded as the coumarinic acid, and 
the cis-configuration was assigned to it mainly on the ground that 
its 2-chloro- and 2-bromo-derivatives behaved with hot alkalis in 
a very different manner from other similarly substituted coumarins, 
Whilst the latter lost a molecule of halogen acid under these con- 
ditions and formed the coumarone or naphthafuran derivatives, 
the corresponding halogen-substituted @-naphthapyrones yielded 
extremely stable chloro- and bromo-acids by the addition of the 
elements of water. This extraordinary behaviour was therefore 
interpreted as a direct consequence of the cis-structure of these 
chloro- and bromo-acids, in which the halogen atom was remote 
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from the phenolic group, the view being advanced that the genera] 
reaction by which 3-halogen-substituted coumarins were trans. 
formed into coumarone derivatives could take place only through 
the intermediate formation of the trans- or coumaric acid, whereas 
if a stable cis- or coumarinic acid intervened, the elimination of 
the halogen acid and the consequent closing of the coumarone ring 
would be difficult, if not impossible. The following scheme explains 
the changes involved in the two cases : 


' H 
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CO,Na —_ CO,H 
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/\/\oo Cl Cl 
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O,Na 
(stable) (coumarilic acid) 


6-Naphthapyrone and its derivatives have been found to provide 
the only exceptions to the general rule, and therefore it seemed 
desirable to obtain an explanation of this singular reaction by 
studying the conditions under which the formation of such stable 
coumarinic acids would be possible. As the few coumarinic acids 
that had hitherto been isolated in a comparatively stable condition 
were those derived from nitrocoumarins (Miller and Kinkelin, 
Ber., 1889, 22, 1706; Clayton, T., 1910, 97, 1407), the presumption 
seemed to be reasonable that the introduction of halogen atoms 
into the pyrone ring in these substances would give rise to com- 
pounds which might react with alkalis in a manner analogous 
to B-naphthapyrone, and yield stable cis-acids containing halogen 
in the side chain. Although our expectations in this direction 
have not been realised to the extent desired, the results obtained 
have proved to be of significance in their bearing on the general 
question of isomerism of the coumarinic and coumaric acids, 

The action of bromine on 6-nitrocoumarin appears to have been 
investigated by Taege (J. pr. Chem., 1891, [ii], 43, 1543), who 
obtained a dibromonitrocoumarin melting at 271°, in which the 
positions of the bromine atoms were not determined. Later, Dhar 
(T., 1920, 117, 1000) prepared a monobromo- and a dibromo- 
nitrocoumarin melting at 215° and 220°, respectively. 

We were unable to reproduce Taege’s compound, and we found 
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that on treating 6-nitrocoumarin with bromine, substitution 
occurred simultaneously in the pyrone and benzene rings with 
the formation of a dibromo-derivative melting at 215°. Attempts 
to prepare the monobromo-derivative by this method were un- 
successful, a mixture being invariably obtained which was extremely 
difficult to separate, even if an insufficiency of the halogen had 
been used. The monobromonitrocoumarin was, however, readily 
obtained pure by the nitration of 3-bromocoumarin; it melted 
at 215°, and yielded on further bromination the above-mentioned 
dibromo-compound melting at the same temperature. The latter 
was converted, on oxidation, into a monobromonitrosalicylic acid 
melting at 222° which, on treatment with bromine in boiling 
aqueous solution, lost carbon dioxide, 2 : 6-dibromo-4-nitrophenol 
(m. p. 143°) being produced. The bromine atoms had therefore 
occupied positions 3 and 8 in the coumarin ring. The sequence 
of changes is shown in the scheme : 
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Similarly, 4:7-dimethylcoumarin yielded, on nitration and 
bromination, the 3 : 8-dibromo-6-nitro-derivative, whilst 4-methyl- 
1: 2-«-naphthapyrone gave the 3-bromo-6-nitro-derivative, melting 
at 291°, which was also prepared either by the bromination of 
6-nitro-4-methyl-«-naphthapyrone or by the nitration of 3-bromo- 
4-methyl-«-naphthapyrone. 

These bromonitrocoumarins are practically insoluble in alcohol, 
and dissolve only sparingly in boiling glacial acetic acid, but are 
more readily soluble in hot pyridine or nitrobenzene, which are 
convenient media for crystallising them. They are insoluble in 
aqueous sodium carbonate, but gradually dissolve in cold dilute 
caustic alkalis, the solutions being of a deep orange or red colour. 
On acidification at 0°, the free coumarinic acids slowly separate 
in the crystalline form. The freshly precipitated substances 
dissolve almost completely in cold aqueous sodium carbonate, 
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but quickly lose this property on warming, or even when they are 
left in contact with water for a few hours, owing to their being 
largely reconverted into the coumarins. The action of cold alkalis 
on these bromonitrocoumarins seems therefore to have the effect 
of merely opening up the pyrone ring and forming the sodium salts 
of the coumarinic acids. On warming the alkaline solutions, how. 
ever, the sodium coumarinates slowly undergo change: sodium 
bromide is eliminated and the nitrocoumarilic acids are produced, 
the sodium salts of which usually separate on cooling, owing to 
their sparing solubility. The change, however, can be completed 
only on prolonged boiling, for on acidifying a solution of 3 : 8-di- 
bromo-6-nitrocoumarin which had been boiled with caustic soda 
solution for half an hour and cooled, a mixture of the coumarinic 
and the coumarilic acid was precipitated; they were separated by 
warming the mixture with dilute hydrochloric acid, when the cou- 
marinic acid was converted into the coumarin and thus rendered 
insoluble in sodium carbonate. 

The disilver salts of the coumarinic acids which were obtained 
as deep red precipitates on carefully neutralising the cold alkaline 
solutions with dilute nitric acid and adding silver nitrate, were 
more stable than the free acids and could be preserved unchanged 
at the ordinary temperature for more than a day, provided they 
were kept in the dark. On treating the silver salts with warm 
dilute nitric acid, the original coumarins were quantitatively 
regenerated. If, however, these salts were warmed with water 
or alcohol or exposed to sunlight, they gradually changed into a 
mixture of silver bromide and the silver bromonitrocoumarilates, 
the course of the transformation being easily followed by the rapid 
change in colour of the silver salts from deep red to light grey. 
This change of the silver salts on exposure to light is therefore 
obviously analogous to what takes place on heating the sodium 
coumarinates, and the two reactions can be best understood by 
assuming that the unstable salt of the coumarinic or the cis-acid 
has been slowly transformed into the stable salt of the coumaric 
or the trans-acid with the consequent elimination of sodium or 
silver bromide. The mechanism of the changes may be repre- 
sented as shown on p. 3379. 

Attempts to prepare the coumarinic esters by treatment of 
the dry silver salts in ethereal suspension with ethyl iodide were 
unsuccessful, the ethyl esters of the coumarilic acids being the 
only products isolated. As the conversion of a cis-compound 
into its trans-isomeride has frequently been observed to be pre- 
ceded by the formation of an additive compound with the reagent 
bringing about the change (compare Biilmann, Annalen, 1912, 
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388, 259), the probability of the alkyl iodide having played such 
a part in the above reaction seems to deserve consideration. 


EXPERIMENTAL. 


3-Bromo-6-nitrocoumarin (Formula IT).—Eight grams of 3-bromo- 
coumarin, prepared by Perkin’s method (T., 1871, 24, 37), were 
treated in cold glacial acetic acid (30 c.c.) solution with a mixture 
of fuming nitric acid (6 c.c.) and glacial acetic acid (10 c.c.). 
After one hour, concentrated sulphuric acid (20 c.c.) was added, 
and the solution heated on the water-bath for some time, when 
pure 3-bromo-6-nitrocoumarin crystallised; further quantities of 
a slightly impure product were obtained on dilution of the mother- 
liquor (Found: Br = 29-38. Calc., Br = 29-62 per cent.). 

a«-Bromo-5-nitrocoumarinic Acid, NO,°C,H,(OH)-CH:CBr-CO,H.— 
The bromonitrocoumarin (2 grams) was shaken at the ordinary 
temperature with 10 per cent. caustic potash (50 c.c.) until it 
completely dissolved. The deep orange solution was cooled in 
ice and carefully acidified with dilute hydrochloric acid, when 
the coumarinic acid, mixed with a small amount of the coumarin 
itself, crystallised. The product was freed from the unchanged 
coumarin by treating it with cold dilute aqueous sodium carbonate 
and acidifying the rapidly filtered solution; the coumarinic acid, 
thus obtained in an almost pure condition, melted with sudden 
decomposition at 197—198°, being reconverted into the coumarin. 

The acid was too unstable to purify by crystallisation from a 
solvent, and changed rather rapidly into the coumarin even on 
standing at the ordinary temperature (30°). 


3380 DEY AND ROW: 


The silver salt was obtained as a heavy, orange-yellow pre. 
cipitate on adding silver nitrate to a neutral solution of the sodium 
coumarinate (Found: Ag = 42-71. C,H,O;NBr,Ag, requires 
Ag = 43-03 per cent.). 

The freshly prepared silver ae regenerated the bromonitro. 
coumarin on acidification with nitric acid at the ordinary ten. 
perature, but when it was dried and kept in a desiccator, it grad. 
ually changed in colour and became nearly white at the end of 
twenty-four hours; on acidifying the product with dilute nitric acid, 
a mixture of silver bromide and nitrocoumarilic acid was obtained, 
from which the latter was extracted with boiling dilute alcohol. 

Action of Ethyl Iodide on Silver Bromonitrocoumarinate.—aA 
suspension of the fresh dry silver salt (10 grams) in anhydrous 
ether (100 c.c.) and ethyl iodide (6 grams) was shaken mechanically 
for four hours, the ether then allowed to evaporate, and the residue 
extracted thrice with warm absolute alcohol. Dilution with water 
precipitated a solid ester, which after two crystallisations from 
30 per cent. alcohol separated in colourless plates, m. p. 153° 
(Found: N = 6-46. C,,H,O;N peice” N = 6-0 per cent.). 


4-Nitrocoumarilic Acid, NO,*C oH <e Hee ‘CO,H.—A_ solution§* 


of 3-bromo-6-nitrocoumarin (5 grams) in a minimum of 90 per 


cent. alcohol was boiled under reflux with aqueous caustic potash 
(10 grams in 25 c.c.) for 3 to 4 hours; on cooling, potassium 4-nitro- 
coumarilate crystallised in colourless needles. The acid, liberated 
from this salt as a white, gelatinous precipitate by hydrochloric 
acid, and crystallised twice from hot dilute acetic acid, formed 
needles melting and decomposing at 274—275°. The colourless 


silver salt was analysed (Found: Ag = 34:3. C,H,O;NAg requires§ , 


Ag = 34-4 per cent.). 

The ethyl ester, prepared by the hydrogen chloride method, 
crystallised in colourless plates, m. p. 153°, and was identical with 
the preceding ester. 

3 : 8-Dibromo-6-nitrocoumarin (Formula I).—Five grams of 
6-nitrocoumarin were heated with a solution of bromine (12 grams) 
in glacial acetic acid (25 c.c.) and a trace of iodine for four hours. 
The dibromo-derivative, which separated out almost completely 
on cooling, was recrystallised several times from boiling glacial 
acetic acid, in which it dissolved rather sparingly. It separated 
in clusters of hard, colourless needles, m. p. 215° (Found: Br= 
45-34. C,H,0,NBr, requires Br = 45-84 per cent.). 

2-Bromo-4-nitrosalicylic Acid.—Three grams of 3: 8-dibromo- 
6-nitrocoumarin were dissolved by heating with 6 grams of sodium 
hydroxide (20 per cent. solution), the solution was cooled to the 
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con’ 


sROMONITROCOUMARINS AND THEIR REACTION WITH ALKALIS. 3381 


-Brdinary temperature (32°), diluted to 100 c.c., and treated slowly 


vith a solution of potassium permanganate (5 grams), the oxidation 
being completed by boiling for an hour. The precipitated man- 
ganese dioxide was washed with hot water, and the combined 


-Biltrate and washings, after concentration, were acidified. The 
-Bhulky, white precipitate was washed with cold water and crystallised 
-Bmce from boiling water. The pure acid melted with sudden 
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decomposition at 222° (Found: Br = 30-50. C,H,O;NBr requires 
Br = 30-53 per cent.). 

The ethyl ester, prepared in the usual way, crystallised in white 
needles, m. p. 219°. 

Action of Bromine on 2-Bromo-4-nitrosalicylic Acid.—Saturated 
bromine water was added to the acid in boiling aqueous solution 
until it no longer decolorised. Carbon dioxide was evolved and 
crystals separated, which were deposited from alcohol in prisms 
melting at 143°, and were identified with 2 : 6-dibromo-4-nitro- 
phenol, prepared by direct bromination of p-nitrophenol. 

3 : 8-Dibromo-6-aminocoumarin was obtained by reduction of 
the nitro-compound with stannous chloride in acid alcoholic 
slution, the separated stannichloride being decomposed with 
boiling dilute aqueous sodium acetate. The amine separated from 
hot xylene in bright yellow needles, m. p. 237° (Found: N = 4-16. 
(,H;O,.NBr, requires N = 4-39 per cent.). 

3: a-Dibromo-5-nitrocoumarinic Acid (Formula III)—The di- 
bromonitrocoumarin (3 grams) was shaken with 20 c.c. of 10 per 
cent. sodium hydroxide until almost the whole of the solid had 
dissolved, the filtered, deep orange-red solution was acidified at 0°, 
and the pale yellow, crystalline precipitate quickly dissolved in 
sodium bicarbonate solution and reprecipitated at a low temper- 
ature. The washed acid, dried on porous tile, formed a cream- 
coloured, crystalline powder which began to sinter at 188° and 
melted with sudden evolution of gas at 196—197°. The residue 
melted at 212—213°, alone or mixed with the pure dibromonitro- 
coumarin. The free acid was too unstable to purify further by 
crystallisation from any solvent, and slowly changed into the 
coumarin even on standing at the laboratory temperature, as was 


Y§ shown by its becoming insoluble in cold sodium bicarbonate solution. 


The silver salt was obtained as an orange-red precipitate on 
adding silver nitrate to a carefully neutralised solution of the acid 
(Found: Ag = 36-45. C,H,0;NBr,Ag, requires Ag = 37-16 per 
cent.). 

6-Bromo-4-nitrocoumarilic Acid (Formula in accordance with 
IV).—Freshly prepared silver 3 : «-dibromo-5-nitrocoumarinate was 
converted by dilute nitric acid at 0° largely into the free acid, 
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mixed with a little of the coumarin. When warmed, however, 
with water, or when kept in a desiccator for two days, the silver 
salt changed into a light grey powder, composed mainly of silver 
bromonitrocoumarilate and silver bromide. After acidification, the 
free acid was extracted with boiling water and obtained in colourless 
needles, m. p. 253—254° (Found: Br = 27-71. C,H,O;NBr 
requires Br = 27-97 per cent.). 

The same acid was obtained directly from the dibromonitro. 
coumarin by boiling with 25 per cent. caustic soda, filtering the 
precipitated sodium salt, acidifying with dilute hydrochloric acid, 
and crystallising the curdy precipitate from boiling water. 

The sodium salt of this acid is much more sparingly soluble than 
the potassium salt and can be crystallised readily from hot water 
(Found: Na = 7-53. C,H,O0;NBrNa requires Na = 7-46 per 
cent.). 

The ethyl ester, prepared in the usual way, crystallised from 
alcohol in soft, colourless needles, m. p. 156° (Found: Br = 25-13. 
C,,H,O;NBr requires Br = 25-47 per cent.). 

Action of Ethyl Iodide on Silver 3: «-Dibromo-5-nitrocoumarinate. 
—Five grams of the freshly precipitated, dry silver salt were 
shaken with 4 grams of ethyl iodide and 50 c.c. of anhydrous ether 
for two hours. The ether was evaporated at the ordinary temper- 
ature, and the residue treated with boiling alcohol; the extract 
deposited white needles melting at 156°, alone or mixed with the 
preceding ester. 

3 : 8-Dibromo-6-nitro-4 : 7-dimethylcoumarin, 

NO,-C,HMeBrCO 
was prepared by brominating 6-nitro-4 : 7-dimethylcoumarin in 
glacial acetic acid solution in the presence of a trace of iodine. 
Colourless, stout prisms melting at 224° were obtained which were 
practically insoluble in alcohol or ether and dissolved very sparingly 
in boiling acetic acid (Found: Br = 41-98. C,,H,0,NBr, requires 
Br = 42-44 per cent.). 

It dissolved slowly in cold dilute sodium hydroxide solution with 
a deep red colour, but the precipitate obtained on acidification 
in the cold consisted almost entirely of the unchanged coumarin. 
The free coumarinic acid could not be isolated in the pure state, 
but the pure disilver salt was precipitated on adding silver nitrate 
to the carefully neutralised solution of the coumarin in alkali. 

6-Bromo-4-nitro-2 : 5-dimethylcoumarilic Acid, 


NO,'C,HMeBr< Or >C-CO,H. 
—The sodium salt of this acid crystallised on boiling a solution 
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of the bromonitrodimethylcoumarin with 25 per cent. caustic 
soda for two hours; it was dried at 100° (Found: Na = 7-l. 
(,,H,0;NBrNa requires Na = 6-84 per cent.). The free acid 
crystallised from dilute alcohol in colourless needles, melting and 
decomposing at 263—264°. 

3-Bromo-6-nitro-4-methyl-1 : 2-«-naphthapyrone, 


NO,°C oH 5< 


O-—¢O 

CMe:CBr 
—6-Nitro-4-methyl-x«-naphthapyrone (5 grams), dissolved in glacial 
acetic acid (100 c.c.), was boiled with bromine (1-5 c¢.c.) and a 
trace of iodine until the evolution of hydrogen bromide ceased. 
The precipitated solid was washed with hot glacial acetic acid and 
crystallised twice from nitrobenzene, yellow needles being obtained 
melting at 291—292°. 

The same product was obtained on nitrating 3-bromo-4-methyl- 
a-naphthapyrone in the usual way. It was practically insoluble 
in the ordinary organic solvents, but dissolved to some extent in 
hot pyridine and more readily in boiling nitrobenzene, which 
are convenient media for crystallisation (Found: Br = 23-78. 
C,,H,O,NBr requires Br = 23-94 per cent.). 

3-Bromo-6-amino-4-methyl-1 : 2-«-naphthapyrone was prepared by 
the reduction of the nitro-compound with alcoholic stannous 
chloride. It crystallised from hot absolute alcohol in long, orange- 
yellow needles, m. p. 222° (Found: N = 4-96. C,,H,)O,NBr 
requires N = 4-6 per cent.). The acetyl derivative crystallised 
from dilute alcohol in colourless, silky needles, m. p. 287— 
288°. 

Action of Cold Alkali on 3-Bromo-6-nitro-4-methyl-a-naphtha- 
pyrone.—The bromonitro-«-naphthapyrone slowly dissolved in 
cold 10 per cent. aqueous caustic soda to form a deep red solution. 
The pale yellow precipitate obtained on acidification at a low 
temperature was largely composed of the unchanged coumarin, 
from which the free coumarinic acid was extracted with cold 
sodium bicarbonate in the usual way. The acid was very unstable 
and passed rapidly into the bromonitronaphthapyrone even on 
shaking with water, as was shown by its becoming insoluble in 
sodium carbonate solution after some time. When freshly pre- 
pared, it decomposed with sudden evolution of gas near 245° in the 
manner characteristic of coumarinic acids, and left a solid residue 
which melted at 290—291°. The silver salt was obtained as a 
deep red, heavy precipitate on adding silver nitrate to the neutral 
solution of the coumarinic acid (Found: Ag = 37-92. 

C,,H,O,NBrAg, 
requires Ag = 38-15 per cent.). 
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—3-Bromo-6-nitro-4-methyl-«-naphthapyrone (2 grams) was heated 
with a solution of potassium hydroxide (4 grams in 4 c.c. of water) 
and alcohol (40 c.c.) for four hours. The alcohol was distilled off, 
and the thick sludge of crystalline potassium salt washed with a 
little cold alcohol and dissolved in cold water. The gelatinous, 
white precipitate obtained on acidifying the filtered solution 
crystallised from boiling dilute alcohol in colourless needles melting 
and decomposing at 277°. The sodiwm salt was rather sparingly 
soluble and separated almost immediately on neutralising the acid 
with 2N-sodium carbonate (Found: Na = 8-13. C,,H,O;NNa 
requires Na = 7-86 per cent.). 

The ethyl ester, prepared by the hydrogen chloride method, 
separated from the cooled solution in white needles, which, after 
two erystallisations from alcohol, were obtained pure and melted 
sharply at 152° 

The same ester was obtained by the action of ethyl iodide on 
the dry silver bromonitronaphthacoumarinate, the experiment 
being carried out in the same way as in the case of the dibromo- 
nitrocoumarin described above. 
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CCCXCIX.—Diazo-transformations of Amino- 
coumarins and Aminonaphthapyrones. 


By Biman Brnart Dey and Haripas Datat. 


Ir is not possible to introduce a halogen atom directly into the 
benzenoid part of the coumarin molecule, because the substitution 
occurs in the lactone ring, which is more susceptible to attack. 
Thus, by the halogenation of coumarin, Perkin (this Journal, 1871, 
24, 37) obtained a monochloro- and a monobromo-derivative 
containing the halogen in the pyrone ring; the isomeric derivatives 
with the halogen in the benzene nucleus were prepared synthetically 
by the action of acetic anhydride on the sodium salts of the corre- 
sponding halogenated salicylaldehydes. Similar results have been 
recorded by Seidel (J. pr. Chem., 1898, [ii], 57, 495), Simonis and 
Wenzel (Ber., 1900, 33, 1961), and also, in the case of several 
hydroxy-coumarins, by Fries and Lindemann (Annalen, 1914, 
404, 65), who showed that under normal conditions no derivatives 
could be obtained in which the halogen had been exclusively substi- 
tuted for hydrogen atoms in the benzene ring. Compounds of 
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the latter class, of which only a few are described in the literature, 
have hitherto been prepared, usually in poor yields, by indirect 
processes such as the application of Perkin’s reaction to halogenated 
salicylaldehydes, or the condensation of halogen-substituted phenols 
with malic acid and acetoacetic ester (Pechmann). 

The diazo-transformation of aminocoumarins, which are readily 
obtained by the nitration and reduction of coumarins, does not 
appear to have been employed to any extent in the preparation of 
these Bz-substituted coumarins. Our attention was first directed 
to the subject in the course of a determination of the positions of 
the halogen atoms in certain chloro- and bromo-«-naphthapyrones, 
which were subsequently prepared in good yields from the corre- 
sponding amines. The reaction was therefore investigated more 
fully and the results were applied in several cases to the orientation 
of substituents in coumarin derivatives. 

. Aminocoumarins behave like substituted benzenoid amines, the 
lactone ring having no influence on the course of the diazo-trans- 
formations (compare Morgan and Micklethwait, T., 1904, 85, 
1233). Some of these diazo-derivatives are extraordinarily stable ; 
for example, a solution of 4-methyl-«-naphthapyrone-6-diazonium 
sulphate retains in full its power of coupling with §-naphthol or 
aniline even after standing at the laboratory temperature (32°) 
for two weeks. 6-Aminocoumarin, 6-amino-«-naphthapyrone, and 
some of their alkyl homologues gave excellent yields of the corre- 
sponding chloro-, bromo-, and iodo-derivatives on the usual treat- 
ment; in several cases, the products were identified with compounds 
obtained by Perkin’s reaction. The cyano-derivatives, which 
were also prepared in the usual way, exhibited the general charac- 
teristics of aromatic nitriles and were hydrolysed with ease to 
coumarincarboxylic acids. They also condensed with ethyl alcohol 
under the influence of dry hydrogen chloride to form the corre- 
sponding imino-ethers. When the imino-ether hydrochloride 
obtained from 6-cyanocoumarin was carefully heated under reduced 
pressure, it was quantitatively transformed into coumarin-6-carb- 
oxrylamide : 

C,H,0,°C(OEt);.NH,HCl] —> C,H,;0,,CO-NH,-+ EtCl. 
The reaction furnishes a simple method for the preparation of the 
acid amides of the coumarin series. 

Coumarin-6-carboxylamide forms a white, insoluble silver salt 
which, like silver benzamide, reacts in the tautomeric form, as it 
is converted on digestion with cold ethyl iodide into the free imino- 
ether : 


ibis OA 
C,H,0,,CO-NH, —> C,H,0,C<yyP 


-OERt 
SNH ° 


—> ©,H,0,°C 
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The direct action of halogens on certain alkylcoumarins and 
naphthapyrones was also studied in the course of the present 
investigation. When 4:7-dimethylecoumarin is chlorinated or 
brominated, the first halogen atom to enter attaches itself to the 
pyrone ring in accordance with the usual rule. This is proved by 
(1) the behaviour of the compounds with alcoholic potash, which 
removes the halogen atom with the formation of 2 : 5-dimethyl. 
coumarilic acid, (2) the identity of the monochloro-derivative and 
the product of condensation of m-cresol and ethyl «-chloroaceto- 
acetate (Dey, P., 1914, 30, 38). On further chlorination, a dichloro. 
derivative is produced which loses a molecule of hydrogen chloride 
and yields a monochlorodimethylcoumarilic acid when treated 
with boiling alcoholic potash in the usual way. The second atom 
of chlorine is therefore evidently attached to the benzene ring, 
Its position was determined in two ways, (1) by the preparation 


of the same compound from 6-amino-4 : 7-dimethylcoumarin by. 


the diazo-transformation and further chlorination of the product, 
(2) by its synthesis from 6-chloro-m-cresol and ethyl «-chloroaceto- 
acetate as shown in the following scheme : 
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Chlorination of 4-methyl-1 : 2-a- -naphthapyrone is analogous to 
that in the previous case. The first. product is a monochloro- 
derivative in which the halogen has entered position 3 in the pyrone 
ring, the substance being identical with the compound obtained by 
the condensation of «-naphthol with ethyl «-chloroacetoacetate ; 
alcoholic potash converts it into 2-methyl-«-naphthafuran-1-carb- 
oxylic acid (Hantzsch and Pfeiffer, Ber., 1886, 19, 1303). On 
further chlorination, a dichloro-derivative is obtained, the 6-position 
of the second chlorine atom being established, as in the previous 
case, by preparing the same compound from diazotised 6-amino- 
4-methyl-«-naphthapyrone and cuprous chloride and subsequent 
chlorination. 
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§-aminocoumarin (2 grams) in 4N-hydrochloric acid (25 c.c.) was 
diazotised and, after one hour, added gradually to an ice-cold 
solution of cuprous chloride (2 grams) in concentrated hydrochloric 
acid (15 c.c.). The mixture was shaken for a few minutes and then 
gradually heated on the water-bath until effervescence ceased. 
The precipitate obtained on cooling was washed with very dilute 
caustic soda solution and with water, dried, and extracted with 
hot alcohol. Recrystallisation from rectified spirit gave a mass 
of pale yellow needles, m. p. 163° (Clayton, T., 1908, 93, 2022, gives 
m. p. 162°), weighing 1-7 grams (75 per cent. of the theoretical) 
(Found: Cl = 20-06. Cale., Cl = 19-67 per cent.). 

6-Bromocoumarin was prepared in a similar way. The yield of 
the recrystallised product, m. p. 160° (Perkin, T., 1871, 24, 41), 
was 1-3 grams or 47 per cent. (Found: Br = 35-27. Calc., 
Br = 35-56 per cent.). 

6-lodocoumarin.—The ice-cold diazo-solution prepared from 
§-aminocoumarin (2 grams) was slowly treated, with constant 
stirring, with a solution of potassium iodide (2-5 grams) in 20 c.c. 
of water. A yellow, crystalline mass formed after a short time, 
which gradually turned brown owing to separation of iodine. 
After the usual heating on the water-bath, the product was treated 
with a few crystals of sodium bisulphite until the colour became 
light yellow, cooled, filtered, and crystallised twice from absolute 
alcohol, 6-iodocoumarin (1-5 grams) being obtained in fine, colour- 
less needles, m. p. 165° (Seidel, J. pr. Chem., 1898, [ii], 57, 496, 
gives m. p. 164°) (Found: I = 46-43. Calc., I = 46-69 per cent.). 

6-Cyanocoumarin.—This compound was prepared from the 
diazotised amine (4 grams) and a solution of cuprous cyanide 
(potassium cyanide, 8 grams, crystallised copper sulphate, 7 grams, 
water, 40 c.c.) at 50°. A yellow, crystalline deposit soon formed 
which turned reddish-brown towards the end of the operation. 
The mixture was heated to 100° and the solid collected after twelve 
hours, dried, and extracted repeatedly with boiling rectified spirit. 
The crystals which were first deposited were pale brown, but two 
crystallisations from 50 per cent. alcohol furnished long, colourless 
needles, m. p. 220°. The yield was 2-6 grams (Found: C = 70-5; 
H = 3-44; N=8-16. C,)H;0,N requires C = 70-2; H = 2-92; 
N = 8-18 per cent.). 
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Coumarin-6-carboxylic Acid.—6-Cyanocoumarin was warmed with 

70 per cent. sulphuric acid until effervescence ceased. The flocculen 
precipitate which formed on pouring the product into cold wate 
was dissolved in dilute sodium carbonate solution and reprecipitated 
with acid. It was deposited from dilute alcohol in fine, colourless 
needles, m. p. 268°. Stérmer and Oetker (Ber., 1904, 37, 194), 
who prepared it by oxidation of the aldehyde, gave the same 
melting point (Found: C = 62-67; H = 3-19. Calc., C = 63-15. 
H = 3-15 per cent.). The free acid is sparingly soluble in hot water, 
and the aqueous solution of the sodium salt exhibits a pale blue 
fluorescence. 

The ethyl ester was obtained from the acid in the usual way, 
but was more conveniently prepared by saturating a solution of 
the cyanocoumarin in excess of cold absolute alcohol with dry 
hydrogen chloride. After twelve hours, the solution was poured 
into cold water. The precipitate, crystallised once from 50 per cent, 
alcohol, formed soft, white needles, m. p. 130°, the yield being 
almost theoretical (Found: C=65:7; H=4-98. C,,H,,0, 
requires C = 66-1; H = 4:59 per cent.). 

Chloride of Coumarin-6-carboxylic Acid.—The acid (2 grams) 
was boiled under reflux with phosphorus trichloride (5 c.c.) and 
phosphorus pentachloride (1 gram) until the solution became clear. 
The excess of phosphorus chloride was distilled off and the residue 
poured over crushed ice. A dark oil separated which quickly 
solidified. It was dried on porous tile, and crystallised from a 
minimum of bpiling chloroform. The substance began to shrink 
at 175° and melted completely at 182° (Found: Cl = 16-64. 
C, 9H,;0,Cl requires Cl = 17-02 per cent.). 

The anilide, prepared by warming the above acid chloride and 
aniline together for a minute, separated from glacial acetic acid 
in shining crystals melting at 194° (Found: N= 5-0. C,,H,,0,N 
requires N = 5-28 per cent.). 

Coumarin-6-formiminoeiher Hydrochloride, 
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—6-Cyanocoumarin (2 grams) was made into a thin cream with 
absolute alcohol (45 c.c.) and the mixture saturated with dry 
hydrogen chloride at 0°. The flask was loosely corked and left 
over-night at the laboratory temperature; about 60 c.c. of dry 
ether were then added with vigorous shaking. The crystals that 
separated after some time were washed with ether, and dried in 
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a vacuum over lime. The hydrochloride was readily soluble in 
wld water (Found : Cl, by titration with N/10-silver nitrate, = 14-5. 
(,gHj203,NC1 requires Cl = 14-00 per cent.). 

The free imino-ether was obtained in fine, glistening needles by 
the action of ammonia on the aqueous solution of its hydrochloride. 
It melted at 135° and was very soluble in alcohol (Found: N = 
643. Cy.H,,0O,N requires N = 6-45 per cent.). 

Coumarin-6-carboxylamide.—The imino-ether hydrochloride (2 
grams) was heated in a 50 c.c. distilling flask connected to the 
water-pump. At 170—180°, long, white needles began to sublime. 
The temperature was gradually raised to 200° and at the end of the 
reaction the product was digested with alcohol and the extract 
filtered and evaporated to dryness. The residue was crystallised 
from hot water, colourless prisms, m. p. 203°, being obtained with 
the aid of animal charcoal. The pure product weighed 0-9 gram 
(Found: N = 7:27. C,jH,O,N requires N = 7-41 per cent.). 

Preparation of the Imino-ether from the Silver Salt of the Amide.— 
The silver salt, which was obtained as a white, granular precipitate 
on adding silver nitrate to an aqueous solution of the amide, was 
dried on porous tile and boiled with excess of ethyl iodide under 
reflux for three to four hours. The liquid was evaporated on the 
water-bath, and the residue crystallised twice from dilute alcohol. 
The product melted at 134—135°, alone or mixed with the imino- 
ether (m. p. 135°) prepared above. 

Coumarin-6-formamidine Hydrochloride, CjxH,0,°C(7NH)-NH,,HCL. 
—The imino-ether hydrochloride was triturated with alcoholic 
ammonia until nearly the whole of the solid dissolved. The filtered 
solution was evaporated in a vacuum at the ordinary temperature, 
the residue treated with hydrochloric acid, and the solid crystallised 
from a little dilute hydrochloric acid, when a mass of woolly needle, 
separated, which became waxy and translucent at 130°, and melted 
to a clear liquid at 170—171°. 

6-Chloro-4 : 7-dimethylcoumarin.—This compound, prepared from 
diazotised 6-amino-4 : 7-dimethylcoumarin and cuprous chlorides 
crystallised from absolute alcohol in pale yellow prisms, m. p. 210°, 
the yield being almost quantitative (Found : Cl = 17-21. C,,H,O,Cl 
requires Cl = 17-02 per cent.). 

6-Cya°o-4 : 7-dimethylcoumarin, obtained in poor yield from the 
6-amino-compound in the usual way, crystallised from acetic acid 
in soft, buff-coloured needles, m. p. 286°. 

3-Chloro-4 : 7-dimethylcoumarin.—The required amount of dry 
chlorine, generated from potassium permanganate and hydro- 
chloric acid, was passed into a boiling solution of the coumarin in 
glacial acetic acid. Magnificent, prismatic needles separated from 
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the cold solution. These contained acetic acid of crystallisation, 
which was lost on exposure to the air. The resulting powder, 
recrystallised from alcohol, gave long, colourless needles, m. p, 
134° (Found: Cl = 16-89. C,,H,O,Cl requires Cl = 17-02 per cent.), 

2: 5-Dimethylcoumarilic acid, prepared from the above mono. 
chloro-derivative, crystallised in thin needles melting at 218°, 
The silver salt was prepared (Found: Ag = 36-36. C,,H,O,Ag 
requires Ag = 36-36 per cent.). 

3 : 6-Dichloro-4 : 7-dimethylcoumarin was prepared by saturating 
with chlorine a warm glacial acetic acid solution of either 3-chloro- 
or 6-chloro-4:7-dimethyleoumarin, and being very sparingly 
soluble, separated in the crystalline form. Recrystallisation from 
excess of boiling glacial acetic acid gave long, prismatic needles, m. p. 
216° (Found : Cl = 28-98. C,,H,O,Cl, requires Cl = 29-21 per cent.). 

The same compound was synthesised by Pechmann’s method 
as follows: 6-chloro-m-cresol (7 grams) and ethyl «-chloroaceto- 
acetate (8 grams) were treated at 0° with concentrated sulphuric 
acid (10 c.c.), and the mixture, having been left over-night at the 
laboratory temperature (30°), was poured into 300 c.c. of cold water. 
The solid that separated was crystallised several times from hot 
alcohol, and prismatic needles were obtained, which weighed 
more than 2 grams, melted at 216°, and did not depress the melting 
point of the preceding compound. 

4-Chloro-2 : 5-dimethylcoumarilic Acid.—The potassium salt of 
this acid separated out on boiling the dichloro-compound mentioned 
above with excess of alcoholic potash under reflux for three hours; 
it was crystallised from the minimum amount of hot water (Found : 
K = 14-61. ©,,H,O,CIK requires K = 14-5 per cent.). The free 
acid crystallised from dilute acetic acid in felted needles melting 
with decomposition at 264—265°. 

6-Amino-1 : 2-«-naphthapyrone, NHyCyHs< Oder 
alcoholic solution of stannous chloride (9 grams) and concentrated 
hydrochloric acid (8 c.c.) containing a little metallic tin was slowly 
treated with the 6-nitronaphthapyrone (2 grams). The mixture 
having been boiled under reflux for an hour and cooled, 10 c.c. of 
concentrated hydrochloric acid were added, and, after a few hours, 
the crystalline stannichloride was collected, washed with a little 
concentrated hydrochloric acid, and boiled with sodium acetate 
solution (10 grams in 500 c.c.). The amine, which separated as 
a yellow powder after twelve hours, was purified by crystallisation 
from alcohol, golden-yellow needles, m. p. 193°, being obtained 
(Found: N = 6-58. C,,H,O,N requires N = 6-64 per cent.). 
The amine formed a sparingly soluble hydrochloride, nitrate, and 
sulphate which crystallised well from hot water. 
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The acetyl derivative, prepared by boiling the amine with acetic 
anhydride containing a drop of pyridine for a minute, crystallised 
from alcohol in colourless needles, m. p. 216° (Found: N = 5:32. 
(,5H,,0,N requires N = 5:53 per cent.). The benzoyl derivative 
formed colourless,prisms, m. p. 239°. 

6-Chloro-1 : 2-«-naphthapyrone.— As the aminonaphthapyrone 
hydrochlorides are very sparingly soluble in water, diazotisation 
of the 6-amino-compound was effected by alternately adding the 
powdered amine and sodium nitrite to ice-cold hydrochloric acid. 
The mixture having been kept in the cold for two hours with 
occasional shaking, the almost clear solution was filtered and added 
slowly to the cold cuprous chloride solution; the crystalline pre- 
cipitate obtained was treated in the usual way. Crystallised from 
glacial acetic acid, the product gave light yellow, prismatic needles, 
m. p. 106° (Found: Cl=15-0. C,,H,O,Cl requires Cl = 15-4 
per cent.). 

6-Chloro-4-methyl-1 : 2-«-naphihapyrone—The amine (2 grams) 
was diazotised in the manner described above and treated with 
cuprous chloride. The product crystallised from alcohol in lustrous 
yellow needles, m. p. 212° (yield 1:5 grams) (Found: Cl = 14:3. 
C,,H,O,Cl requires Cl = 14-51 per cent.). 

6-Bromo-4-methyl-1 : 2-«-naphthapyrone crystallised from acetic 
acid in brown, prismatic needles, m. p. 210° (Found: Br = 27-4. 
C,,H,O,Br requires Br = 27-68 per cent.). 

6-lodo-4-methyl-1 : 2-«-naphthapyrone, obtained in the usual way 
in almost theoretical yield, separated from alcohol in pale yellow, 
silky needles, m. p. 212° (Found: I = 38-47. C,,H,O,I requires 
I = 38-8 per cent.). 

6-Cyano-4-methyl-1 : 2-«-naphthapyrone crystallised from alcohol 
in yellow needles, m. p. 273° (Found: N = 5:88. C,;H,O,.N 
requires N = 5-96 per cent.). 

4-Methyl-1 : 2-a-naphthapyrone-6-carboxylic acid was prepared by 
hydrolysing the cyano-compound with warm 70 per cent. sulphuric 
acid. It was deposited from dilute alcohol in clusters of colourless 
needles, m. p. 215°. 

3-Chloro-4-methyl-1 : 2-«-naphthapyrone.—Dry chlorine, generated 
from 4 grams of potassium permanganate, was passed into a boiling 
glacial acetic acid (50 c.c.) solution of the methylnaphthapyrone 
(6 grams). Crystals of the monochloro-derivative soon began to 
appear and filled the liquid on cooling. A single crystallisation 
from acetic acid yielded flat prisms melting at 225°, alone or mixed 
with a specimen of the 3-chloro-compound prepared from «-naphthol 
and «-chloroacetoacetic ester (Found: Cl = 14-94. C,,H,O,Cl 
requires C] = 14-51 per cent.). 

3 : 6-Dichloro-4-methyl-1 : 2-a-naphthapyrone was prepared by 
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chlorinating either the 3-chloro-derivative described above or the 
6-chloro-compound obtained by the diazo-reaction from the corre- 
sponding amine. It was practically insoluble in alcohol, but could 
be crystallised from a large quantity of boiling acetic acid, which 
deposited prisniatic needles, m. p. 258° (Found: Cl = 24-97, 
C,,H,0,Cl, requires Cl = 25-45 per cent.). 

PRESIDENCY COLLEGE, CALCUTTA, 

PRESIDENCY COLLEGE, MADRAS. [Received, October 1st, 1923.] 


CCCC.—The Freezing-point Curves of Binary 
Mixtures of some Substituted Acetanilides. 


By Giyn OWEN. 


During the course of an investigation of the halogenation of anilides 
the freezing-point curves of the following systems were studied : 


(a) Aceto-2 : 4-dichloroanilide and aceto-2-chloro-4-bromoanilide. 

(6b) Aceto-2 : 4-dibromoanilide and aceto-2-chloro-4-bromoanilide, 

(c) Aceto-4-chloro-2-bromoanilide and aceto-2-chloro-4-bromo- 
anilide. 

(d) Aceto-2 : 4-dichloroanilide and aceto-4-chloroanilide. 


Many binary mixtures of aromatic derivatives have been studied 
and examples of solid solution and polymorphism recorded. As 
far as anilides are concerned, mixtures of o- and »y-monochlorinated 
anilides were investigated by Orton and Jones (T., 1909, 95, 1059) 
and by Orton and King (T., 1911, 99, 1381); they observed the 
frequent entry of polymorphic phenomena into the diagrams of 
thermal equilibrium. Also Orton and Reed state (T., 1907, 91, 
1546), referring to trihalogenated isomeric anilines and anilides, 
that ‘the melting-point curves of such mixtures are nearly but 
not quite straight lines.”’ 

The results for systems (a), (#), and (c) show that the freezing 
points lie on continuous curves that are concave to the concentration 
axis and are without maxima or minima (Fig.1); they indicate that 
in each case a continuous series of mixed crystals is formed and that 
the components are isomorphous. These four substances crystallise 
in large rhombs, which appears to be the stable form; an unstable 
form that is needle-shaped separates initially on crystallisation and 
changes on standing to the rhombic form. This polymorphism 
of anilide crystals has been investigated by determinations of the 
solubility curves by Chattaway and Lambert (T., 1915, 107, 1773) 
and by Chattaway and Clemo (T., 1916, 109, 89). 

Mixed-crystal curves similar to the above have not been observed 
for anilides, save as mentioned above, but have been recorded for 
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pairs of isomorphous benzene derivatives such as p-dichloro- and 
p-dibromo-benzene by Kiister (Z. physikal. Chem., 1904, 50, 65). 
It was found that the freezing-point curve was without maximum 
and minimum, continuous, and concave to the concentration axis. 
Terwogt also found (Z. anorg. Chem., 1905, 47, 203) that the freezing- 
point curves for the system iodine-iodine monobromide-bromine 
were of a similar form. Many examples have been recorded among 


alloys. 
Fig. 1. 
I. Freezing-point curve for the system ; 
aceto-2 : 4-dibromoanilide and aceto-2-chloro-4-bromoanilide. 


II. Freezing-point curve for the system ; 
aceto-4-chloro-2-bromoanilide and aceto-2-chloro-4-bromoanilide. 
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Molar percentage of (1) aceto-2 : 4-dibromoanilide. 
(11) aceto-4-chloro-2-bromoanilide. 


Somewhat different mixed-crystal curves have been observed 
for other binary systems in which the components differ only by 
the replacement of one halogen atom by another, for example, 
chloro- and bromo-cinnamaldehydes (Kiister, Z. physikal. Chem., 
1891, 8, 589). 

The freezing-point curve of aceto-2 : 4-dichloroanilide and aceto- 
4-chloroanilide is of the regular eutectic type, with a eutectic point 
at 127-6°, where the molar concentration of aceto-4-chloroanilide 
is 38-1 per cent. The times of eutectic arrests have not yet been 
fully studied, but trial experiments indicated the probable absence 
of any appreciable amount of solid solution. When mixtures of 
this pair were first melted and then frozen in a capillary tube, a 
VOL. CXXIII. 5U 
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material was obtained on very slow cooling which had a freezing 
point about 10° below the normal value. The phenomenon could 
not be reproduced when larger amounts of material were used in a 
wide tube. It was due probably to the separation of the aceto-4. 
chloroanilide in a monotropic modification. For aceto-4-bromo. 
anilide, Remmers (Ber., 1874, 7, 348) recognised a second crystalline 
form, which was goniometrically measured by Mugge (Z. Kryst. 
Min., 1880, 4, 332) and examined by Chattaway and Lambert 
(loc. cit.). The same phenomenon in the capillary melting point 
tube had been noticed previously with mixtures of aceto-4-chloro. 
anilide and aceto-2-chloroanilide by Orton and Jones (loc. cit.; 
compare the three monotropic monochloroacetic acids of Pickering, 
T., 1895, 67, 1895, and the o- and p-chlorobenzanilides of Orton 
and King, T., 1911, 99, 1381). 

Preparation of Materials —Aceto-2-chloro-4-bromoanilide was 
prepared by chlorinating aceto-4-bromoanilide with chloramine-T 
and hydrochloric acid (compare Orton and King, T., 1911, 99, 
1377). The preparation of aceto-2 : 4-dibromoanilide and aceto- 
4-chloro-2-bromoanilide is a matter of some difficulty. Chattaway’s 
method was used (T., 1916, 109, 92), but bromination at 30° in 
70 per cent. acetic acid with bromine in 100 per cent. excess and an 
equivalent amount of sodium acetate gives as good results in a 
shorter time; bromination at 70° is more advantageous, only 
fifteen minutes’ heating being necessary. 

Each material was recrystallised at least three times from alcohol 
and always finally from acetic acid. Before use, they were pow- 
dered and heated to a temperature just below their melting points 
to eliminate traces of occluded solvent. Each mixture was made 
up by very thorough grinding of the weighed components, practically 
the whole amount of each mixture was used for the determination, 
a milligram or so being kept for the seeding, so that no appreciable 
error due to incomplete mixing occurred. 

Apparatus.—This was of the general Beckmann form. The 
mixture under examination was contained in a thin-walled test-tube 
(14 cm. x 1 cm.), bearing the thermometer and the thin glass hand- 
stirrer, which was enclosed in an air jacket immersed in sulphuric 
acid in a boiling tube 4-5 cm. in diameter and of sufficient length 
to ensure the whole of the thread being below the level of the acid, 
so as to avoid stem correction. Heat was supplied by a micro- 
burner, regulated by a screw clip, at the base of a long, cylindrical 
hood. The bath liquid was stirred by a steady stream of dried air 
from a water-blower. The whole apparatus was carefully screened 
from air currents. Anschutz thermometers graduated in 1/5° were 
used ; by employing a reading-microscope, 1/20° was easily estimated. 

Observation of Freezing Points.—Following Kremann (Monaish., 
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1904, 25, 1230), the mean of the freezing points determined by 
heating the solid and by cooling the liquid was taken as the true 
naf freezing point of the mixture; errors due to superheating and 
».4. § supercooling thus tended to balance each other. It is important 
mo. @ that the tube containing the mixture be placed in the bath when the 
line § temperature is but a few degrees below the freezing point of the 
yst, @ mixture (compare McKie, T., 1918, 113, 799). 
vert § As a preliminary, the mixture was fused to ensure complete 
yint § mixing; at the same time an approximate value of the freezing 
sro. § point was obtained. The freezing point was then observed during 
sit., | slow cooling, the mixture being seeded at frequent intervals and 
ing, @ Very thoroughly stirred. At about 0-2° to 0-4° below the freezing 
ton § point a shower of crystals appeared and the freezing point was very 
sharply indicated. The temperature was then raised and the 
was @ | freezing point ” (that is, the temperature at which the last crystals 
e-T § disappeared) found by heating the mixture. The rate of heating 
99, § was such that about ten minutes elapsed while the temperature 
sto. § was being raised from a degree below the freezing point to the 
y's | freezing point (using 1—1-5 grams of material). ‘These observations 
> in § Were repeated and finally a heating curve and a cooling curve were 
an § constructed. 
nal Freezing Points of the Anilides used.—Aceto-4-chloroanilide ; 
nly 172:5° (Kurbatow, Annalen, 1874, 182, 98); 173—175° (Collet, 
Bull. Soc. chim., 1899, [iii], 24, 69); 175° (Hentschel, Ber., 1897, 
hol # 30, 2645); 179° (Orton and Jones, loc. cit.). The value found in 
ow- § this work was 179-0°. 
ints Aceto-2 : 4-dichloroanilide : 143° (Lehmann, Jahresbericht., 1882, 
ade @ 363). The value found in this work was 144-1°. 
ally Aceto-2-chloro-4-bromoanilide: 151° (Chattaway and Orton, 
ion, @ Ber., 1900, 33, 2398). The value found was 151-4°. 
vble Aceto-4-chloro-2-bromoanilide: 137° (Chattaway and Orton, 
loc. cit.). The value found was 134-6°. 
The Aceto-2 ; 4-dibromoanilide : 146° (Remmers, Ber., 1874, 7, 348); 
ube § Chattaway and Orton, Ber., 1899, 32, 3578). The value found was 
nd-§ 144-7°. In the case of the last two substances, five recrystallisations 
uric § from various solvents did not change the values. These freezing 
gth § points have lately been confirmed independently in this laboratory. 
cid, Results —The following table, which gives the freezing points 
cro- § for two mixtures of aceto-2 : 4-dichloroanilide and aceto-2-chloro- 
ical § 4-bromoanilide, exemplifies the readings obtained in an experiment. 


MIXTURES OF SOME SUBSTITUTED ACETANILIDES. 


Molar percentage of 


ned § = acetodichloroanilide. F. p;. F. py. Mean value. 
vere 87-34 144-7° 144-75° 144:05° 144-05° 144-3 (8)° 
w 144-65° 144-7° 

ted. 58-56 146-1° 146-05° 145-55° 145-55° 145-8 (3)° 
sh., 146-1° 
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The column F.p, gives the freezing points as determined by 
observing the fusion and the heating curve: the column F.P, gives 
the freezing points as determined by observing the solidification 


and the cooling curve. 
The following were the mean values obtained for the various 


mixtures : 


System (a). x = molar percentage of acetodichloroanilide. 


@.... 5:90 11-94 23-27 28-94 33-70 39-62 44-37 
F. p. 150-:75° 150:05° 148-85° 148-35° 147-7° 147-3° 146-8° 
Z.... 49°83 54-78 58-56 64-69 69-22 73°96 77:90 
F. p. 146-4° 146-05° 145-8° 145-4° 145-1° 145-0° 144-75° 
Z.... 82°38 87°34 91-66 94-50 95-79 96-60 99-20 


F. p. 144-5° 144-35° 144-35° = 144-25° — 144-3° 144-2° 144-15° 


A few of the last mixtures in this system were made up, not in 
the usual way, but by direct weighing in the apparatus; this method 
was inconvenient, but was unavoidable in those cases as the weights 
of one component were very small. 


System (b). «x = molar percentage of acetodibromoanilide. 


ae 9-16 17-61 22-09 26-72 30-14 35-81 41-85 

p. 150-4° 149-75° 149-1° 148-7° 148-25° 147-65° 147-25° 
ove C587 52-01 55-94 61-22 66-35 71-47 77-07 

p. 146:85° 146-35° 146-09° 145-73° 145-45° = 145-22°— 145-0° 

‘i 82-08 87°28 93-30 

p. 144:85° 144-75° 144-60° 


ay BP SP 


System (c). x = molar percentage of aceto-4-chloro-2-bromoanilide. 
eee 15:37 24-17 31-73 39-23 44-08 49-90 54-20 
p  148:-3° 146-3° 144-85° 143-35° = 142-25° = 141-25° 140-25° 
ooo .OS2 69-77 74-52 80-69 84:96 . 89-94 92-13 
.p. 138°75° 137-85° 137-05° 136-45° 135-93° 135-45° 135-15° 


me Rye 


System (d). « = molar percentage of aceto-4-chloroanilide. 
.. 95-68 91-54 90-75 82-42 78°42 73-26 68-12 
p. 176-1° 173-7° 173-3° 167-7° 165-5° 162-2° 156-9° 
.- 64:07 59-46 55-60 49-88 44-43 36°53 39-31 
p. 153-8° 149-6° 146-3° 140-5° 136-0° 129-1° 129-1° 
33-82 28-56 22-79 11-17 
.p. 130-1° 132-4° 135:3° 140-1° 


ma 
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The curves for the systems (b), (c), and (d) are shown in Figs. 1 and 
2. The freezing-point curve for the system (a), for which the read- 
ings are given in the above table, has been omitted, as it is very 
similar to the freezing-point curve for the system (6). 

The form of the cooling curves for the mixed-crystal systems 
indicates that the solidus is very close to the liquidus ; this thermal 


method, however, lacks the necessary delicacy to fix the position 
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of the solidus curves for the mixed-crystal systems under 


consideration. 
Fra. 2. 


Freezing-point curve for the system 
aceto-2 : 4-dichloroanilide and aceto-4-chloroanilide. 
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Molar percentage of aceto-4-chloroanilide. 


Summary. 


(1) The freezing-point curves for the binary mixtures (a) aceto- 
2:4-dichloroanilide and aceto-2-chloro-4-bromoanilide, (b) aceto- 
2:4-dibromoanilide and aceto-2-chloro-4-bromoanilide, and (c) 
aceto-4-chloro-2-bromoanilide and aceto-2-chloro-4-bromoanilide 
show that a continuous series of mixed crystals is formed by each 
pair. 

(2) The freezing-point curve for the binary system aceto-2 : 4-di- 
chloroanilide and aceto-4-chloroanilide has a eutectic point at a 
concentration of 38-1 per cent. of aceto-4-chloroanilide and a 
temperature of 127-6°, and gives no indication of the formation 
of mixed crystals. 

The investigation of the binary systems of isomeric and similarly 
orientated aromatic derivatives is being pursued. 


I wish to express my thanks to Prof. K. J. P. Orton, F.R.S., for 
suggesting this work and for his kind advice and criticism. 

I wish also to express my indebtedness to the Department of 
Scientific and Industrial Research and to the University of Wales 
for grants which have enabled me to carry out this work. 


UNIVERSITY COLLEGE OF NorTH WALES, 
Bancor. [Received, October 8th, 1923.} 
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Van Der Waals Memorial Lecture. 


DELIVERED ON NOVEMBER 8TH, 1923. 


By Dr. James Hopwoop JzEans, Sec. R.S. 


JOHANNES DIDERIK VAN DER WAALS, whose services to science 
we commemorate this evening, was born at Leyden on November 
23rd, 1837. The circumstances of his youth were such that he 
was unable to take advantage of the educational opportunities 
offered by the University of his native town until he was more than 
thirty years of age. Not before the age of thirty-five did he write 
the thesis which gained him his doctor’s degree. It rarely happens 
that the first dissertation of even the most brilliant young man 
of science makes much of a mark in the scientific world. There is 
perhaps only one instance of its making so great a mark that its 
title has become one of the commonplace phrases of scientific 
language—I mean the dissertation of Van der Waals “On the 
Continuity of the Liquid and Gaseous States.” 

This dissertation, first published in 1873, opened a chapter in 
the history of science which is not yet closed. The underlying 
ideas have proved so fruitful that they not only provided work 
for Van der Waals himself during the forty years of his active 

. scientific life, but are even to-day providing work for a very large 
proportion of the Dutch school of physical chemistry. Even if 
he had published nothing else in his whole life, this dissertation 
would have secured for Van der Waals a noteworthy place among 
the founders of the Kinetic Theory of Matter. 

Four years after the attainment of his doctor’s degree, Van der 
Waals was appointed Professor in the University of Amsterdam, 
the town which henceforth was to be his home until his death 
on March 8th of the present year. Here he taught successfully 
and began to exert his great influence on the development of 
Dutch physics: a large part of the Dutch physics of to-day, if 
tracked down to its ultimate source of inspiration, will lead us 
back to the class-room of Van der Waals at Amsterdam. More 
than this, the distinctive quality of modern Dutch physics—and 
it has a very distinctive quality of its own—is precisely the quality 
imparted by the early work of Van der Waals. 

In due course he became closely associated with the Amsterdam 
Royal Academy of Sciences, acting as General Secretary from 
1896 until 1912, when both his bodily and mental powers began 
to fail. His influence here was enormous; in the words of one who 
knew him well, Prof. Kamerlingh Onnes: “ For twenty-four years 


be | 
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he was the soul of the Board. Here as everywhere else he showed 
a never-failing unselfishness and a high conception of duty. We 
owe to him the modern form of the Proceedings and their English 
translation which he directed, both with an incomparable energy, 
The great efforts he bestowed on these periodicals have been well 
rewarded by the effect their stimulating influence had on Dutch 
science.” 

Van der Waals tells us that his choice of a subject for his doctor’s 
dissertation arose out of his interest in a certain quantity which 
appears in Laplace’s theory of capillarity, namely, “ the molecular 
pressure exerted by a liquid bounded by a plane surface on the 
unit of this surface,’’ or, as we should say to-day, the “ internal 
pressure” in a liquid. He explains that as it appeared to him 
impossible to determine this pressure by direct experiment, he 
tried to deduce it from theoretical considerations, an attempt 
which led to his establishing the connexion between the gaseous 
and liquid states. 

The first problem which confronted him was that of the nature 
of the forces between molecules. Speculation as to the nature of 
the molecules themselves, or rather of the ultimate indivisible units 
of matter, goes back into the mists of antiquity, but speculation as 
to the forces between these units scarcely goes further back than 
Newton. Newton seems to have thought that the expansive 
property of a gas could perhaps be explained in terms of repulsive 
forces between the various molecules, but showed that Boyle’s 
law could only be satisfied if the particles repelled one another 
with a force which varied inversely as the distance. In Proposi- 
tion 23 of the second book of the “‘ Principia ’’ he proves that 
“If a fluid be composed of particles mutually flying each other, 
and the density be as the compression, the centrifugal forces of the 
particles will be reciprocally proportional to the distances of their 
centres.” He adds “ But whether elastic fluids do really consist 
of particles so repelling each other is a physical question. We 
have here demonstrated mathematically the property of fluids 
consisting of particles of this kind, that hence philosophers may 
take occasion to discuss that question.” 

The birth of the Kinetic Theory of Gases led to an eclipse of 
speculations of this kind, but in any case, as Maxwell pointed out, 
the law of forces varying as the inverse distance is quite an 
impossible one; under this law the forces from the distant parts 
of a mass would preponderate over those from the contiguous 
parts and the pressure of a gas, for given density and temperature, 
would not be the same as we passed from one vessel to another, 
or even as we passed from one part to another of the same vessel. 
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Thus we have a logical chain of proof that the expansive property 
of gases cannot be attributed to repulsions between its molecules. 

In discussing the forces between molecules, Van der Waals takes 
his stand on the experimental evidence of the Joule-Thomson 
effect. If we open the tap of a cylinder of compressed gas, we 
know that the issuing gas is intensely cold. The usual explanation 
assigns the cooling to the work done by the emergent gas in driving 
back the surrounding air against its own pressure. This, however, 
is not quite the whole story. When Joule and Kelvin replaced 
the tap by a porous plug and allowed the gas very slowly to leak 
out into a vacuum, they still found a small cooling—only a fraction 
of a degree for most gases, although rather more for carbon dioxide. 
If the molecules of a gas repelled one another as imagined by 
Newton, each molecule as it passed through the pores of the plug 
would be accelerated by the repulsions of the molecules behind it, 
so that the emergent gas would have a higher molecular velocity 
than the gas in the cylinder, and so would show a heating. The 
fact that it actually shows cooling disposes of the hypothesis of 
forces of repulsion and indicates the existence of forces of attraction. 
On this evidence, Van der Waals concludes that particles of matter 
“must always show attraction,” and it is necessary to search for 
the reason why “ particles of matter attracting one another and 
only separated by empty space do not fall together.”” This reason, 
he says, is to. be found “in the motion of the molecules them- 
selves, which must be of such a nature that it opposes a diminution 
of volume, and causes a gas to act as if there were repulsive forces 
between its particles.” 

These are, of course, the ordinary conceptions of the kinetic 
theory of gases. Maxwell and others had already obtained a 
proof, in terms of these conceptions, of the equation 


a a | 


in which v is the volume of a gas at pressure p and absolute tem- 
perature 7’, and « is a constant for a particular mass of gas. 
Their proof is based upon a study of the molecular motions in 
a gas, but by the time the final equation is reached, practically 
all trace of the assumed molecular structure has disappeared, s0 
that it is immaterial whether the molecules are massive or light, 
round or square, large or small, although it is essential that, when 
packed as closely together as they will go, they should occupy 
only an infinitesimal volume in comparison with the volume 1 
of the gas. The gas-constant « depends on the number of mole- 
cules present, but is totally independent of the mass of a single 
molecule. Wan der Waals requires for his purpose a more refined 
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picture of the molecular motion, and so endows his molecules 
with two distinct additional physical properties. In the first place, 
he supposes them to be all similar spheres, each of diameter oa, 
so that the total volume b, occupied by all the N molecules in the 
gas is given by b, = 3Nzo*, When ), is not assumed to be infini- 
tesimal in comparison with v, it is found that the former equation 
(1) must be replaced by 
piv—4b,)=e7T . . «. « « (2) 


so that the volume corresponding to a given temperature and 
pressure is now greater by 4b, than that given by the former 
equation. 

The numerical multiplier 4 occurs as a consequence of Van der 
Waals having assumed his molecules to be spherieal; had he 
assumed some other shape, a different multiplier would have 
appeared in his equation. 

Next, in accordance with his principle that ‘matter must 
always show attraction,” he assumes every molecule to exert an 
attractive force on every other molecule within a certain range. 
The forces on a molecule in the interior of the gas act indiscrimin- 
ately in all directions, so that their resultant is negligible, but the 
forces on a molecule in the surface all have a component directed 
towards the interior. Thus the outermost layer of gas is attracted 
to the main mass with a force which must, of course, vary as the 
square of the density, or, what is the same thing, inversely as the 
square of the volume. When allowance is made for this force, 
the equation becomes 


(p+ S)o—4o)=er . . . « @) 


an equation which is known all the world over as “ Van der Waals’s 
equation.” 

The replacement of v by v — 4b,, leading to equation (2), resulted 
merely in a gas at a given temperature and pressure occupying a 
volume greater by 4b, than that predicted by the simple equa- 
tion (1). But the replacement of p by p + a/v? results in a much 
more fundamental change; when we attempt to calculate from 
equation (3) the volume corresponding to a given temperature 
and pressure, we find ourselves confronted by a cubic equation. 
Since a cubic equation may have either one or three real roots, 
it appears that a mass of matter at given temperature and pressure 
may exist in either one or three possible states. In the former 
case, the possible state is the gaseous one; when three states are 
possible, the state of highest volume is found to be the gaseous 


state, the state of intermediate volume is readily seen to be 
5 u* 
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mechanically unstable, and so cannot be observed experimentally, 
whilst the state of least volume is identified by Van der Waals 
with the liquid state. We need not pause to recapitulate the 
justification for this identification: it will suffice to say that it 
has never been challenged. 

Van der Waals explains that his equation “ cannot be pushed 
to the extreme limit of condensation of matter.’”? For instance, 
corresponding to volumes v less than 46,, which are of course 
perfectly possible physically, the equation predicts that either 
p or 7 must be negative. At very low temperatures, the equation 
predicts that p must be negative even at volumes greater than 4b,. 
Indeed, it is easy to see, from the way in which it is derived, that 
the equation can only be strictly true for gaseous states in which 
the departure of the gas from the “ ideal” condition of infinite 
rarity is slight. In other words, the replacement of v by v — 4b, 
and of p by p + a/v, is only strictly accurate when the effect of 
each of these replacements is small. This consideration at once 
disposes of all hope of the equation giving an exact picture of the 
behaviour of a substance in the liquid state—indeed, for practically 
all liquids v — 4b, is negative, and the equation if strictly interpreted 
leads to an absurdity right away. 

Thus although the equation is based on sound physical concep- 
tions, it is mathematically incomplete, and there is a certain element 
of luck in its predicting -the liquid state at all. Nevertheless, as 
the luck has been found to hold as regards qualitative predictions 
in the liquid state, there is at least a reasonable hope that it may 
to some extent hold as regards quantitative predictions as well. 

Van der Waals seems to have realised quite clearly these 
limitations to the permissible use of his equation. Consequently it 
was only “ with apprehension ” that he strained his equation by 
attempting to calculate the values of the critical constants of carbon 
dioxide from the values of a and 4b, yielded by a study of the 
departures of the behaviour of carbon dioxide from Boyle’s law 
in states not far removed from the “ideal” state. That the 
attempt was remarkably successful is a matter of past history; 
instead of recapitulating past history here, let us rather re-examine 
the problem in the light of more modern experimental knowledge. 

It is obvious on general grounds that as a gas passes from 4 
state of rarity to one of high compression the product pv must 
increase, on the whole, above the value predicted for it by the 
simple law of Boyle. To take only one, and that the most. obvious, 
illustration, a gas heated to above its critical temperature can 
support an infinite- pressure without its volume becoming zero, 
so that the product pv becomes infinite at very high pressures, 
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in place of remaining finite as predicted by Boyle’s law. The 
equation of Van der Waals predicts that pv will increase in this 
¢ 7 way and, if strained in the way already explained, it further predicts 
it it I the precise increase to be expected in pv over that predicted by 
Boyle’s law. 

shed f At the critical point in particular, Van der Waals’s equation 
nce, § predicts that pu will be 2% times as great as the value given by 
ursé F the simple law of Boyle. This factor of increase is the same for 
ther all gases: it might at first have been thought that the factor 
tion | would vary from one gas to another, depending on the values of 
4b). ag and b,, but the critical point also varies from one gas to another, 
that and the two variations just cut one another out—indeed, a moment’s 
hich reflection shows that they necessarily must, for the predicted ratio 
nite § of increase, 2-67, being a pure number cannot depend on b,, which 
4b), fis a volume, or on a, which is of the physical dimensions of a 
t of pressure multiplied by the square of a volume. 

ce § Van der Waals had noticed that the ratio of increase for carbon 
the F dioxide was substantially greater than his predicted value 2-67, 


ally and the same proves to be true for all gases. The following table 
oted gives some trustworthy values for this ratio : 
neD- Ratio of 

“A Gas. increase. Authority. 
en Oxygen 3-419 . 
as Nitrogen 3. sai ee Dorsman, 
. Argon 3-424 ‘ 
mee Xenon . 3-605 Patterson, Cripps, and 
nay Whytlaw-Gray. 

Carbon dioxide 3-61 Berthelot, 8. Young. 

3 Methane 3:67 Berthelot. 
1ese Carbon tetrachloride 3-68 S. Young. 
y it Benzene 3-71 - 
, Stannic chloride 3-75 i 

by Bromobenzene 3°78 oe 
bon Chlorobenzene 3°81 ie 
= Prof. Young some years ago expressed the conviction that the 
aw 


ratio would prove to be about 3-7 for all substances that attained 
the critical point without chemical change, and this prediction 
TY: § appears to be fairly well fulfilled. But the prediction is far removed 
from that of Van der Waals’s equation—for not a single gas is the 
** ff ratio in the neighbourhood of 2-67. 

The fault does not lie so much with Van der Waals’s equation 
a8 with the illegitimate use which has been made of it. When 
Van der Waals wrote a/v? for the cohesive force between the main 
gas and its outermost layer, he assumed the density in this outer- 
most layer to be the same as in the main gas, an assumption which 
obviously fails when the cohesive force is comparable with the 
whole pressure of the gas, as it is by the time the critical point 
5 u*2 
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is reached. It is, however, easy to allow mathematically for the 
effect of this diminished density on the efficacy of the cohesive 
force. We find that instead of replacing p in Boyle’s law by 
p + a/v? (the procedure of Van der Waals), we must replace it by 


a 
pe*?, and so obtain the “ equation of state ” in the form 


pet!” (v — 4b,) = aT, 


as suggested by Dieterici in 1898. 

This equation, as can easily be-shown, coincides precisely with 
that of Van der Waals throughout the range of small compression, 
but as we reach substantial compressions the equations diverge, 
so that finally, at the critical point, Dieterici’s equation predicts 
for the ratio of increase of pv the value $e? or 3-695, a value which 
agrees extraordinarily well with what is observed. To make the 
matter quite clear, let me repeat that Dieterici’s equation is based 
on precisely the same physical conceptions as that of Van der 
Waals, but is a mathematically more perfect expression of these 
conceptions—it is Van der Waals’s equation generalised mathe- 
matically so as to apply to regions of substantial compression. 

It should be added that although Dieterici’s equation is strikingly 
successful in predicting the ratio of increase of pv at the critical 
point, it is somewhat less successful in predicting the actual values 
of the critical pressure, volume, and temperature separately. The 
following table of observed critical volumes will exemplify this : 


Gas. Critical volume %,. U-/4b). 
Hydrogen 0-00269 2-80 
Air 0-00392 1-89 
Carbon dioxide 0-00424 1-86 
Argon 0-00328 1-41 


Dieterici’s equation predicts that the quantity v,/4b,, tabulated 
in the last column, should be equal to 2 for all gases; on the other 
hand, Van der Waals’s equation requires that the quantity should 
have the uniform value 3 for all gases, a prediction which is still 
further from the truth. 

The discovery of his equation of state opened one great chapter 
in the scientific life of Van der Waals; a second was opened seven 
years later with the discovery of the “law of corresponding states.” 
The equation of state of Van der Waals, as we have seen, involves 
two constant quantities, namely b,, which depends on the siz 
of the molecules, and a, which depends on the intensity of their 
cohesive forces, in addition to the “ gas-constant” «, which 
depends merely on their number. The significance of such ap 
equation is best exhibited by drawing the isothermal curves which 


vith 
ion, 


rge, 
icts 
rich 
the 
sed 
der 
ese 
he- 


gly 
ical 


ues 
[he 


JEANS: VAN DER WAALS MEMORIAL LECTURE. 3405 


it predicts on a diagram on which p and v the pressure and volume 
are taken as rectangular axes. Such a drawing is shown in Fig. 1. 

A drawing of this kind is made by computations from the equation 
which it represents, and we cannot compute values from Van der 
Waals’s equation until we know the values of a and b, for the 
particular gas concerned. But if we draw a whole series of 
diagrams of this kind corresponding to different values of a and },, 
we shall find that they are all precisely similar except for differences 


Fie. 1. 


in horizontal and vertical scales. This is not a consequence of 
any special mystic quality inherent in Van der Waals’s equation ; 
it is a necessary property of any equation whatever, which, like 
Van der Waals’s equation, contains two and only two independent 
constants in addition to the gas-constant «—for instance, it is equally 
true of Dieterici’s equation. 

Thus the consequence of Van der Waals having endowed his 
molecules with two, and only two, distinct physical properties 
(apart from their mass), represented by his constants a and },, 
is that the isothermals for all gases are the same except only for 
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differences in horizontal and vertical scale. And even this difference 
disappears if we draw our diagram, not in terms of the absolute 
units of a cubic centimetre of volume, a dyne of pressure, and a 
degree of temperature, but in terms of the special units of the 
critical volume, critical temperature, and critical temperature of 
the particular gas under consideration. When these latter units 
are used, the isothermals are the same for all gases. This is in 
effect the “law of corresponding states,” although it is usually 
expressed in a different form. It is not a chemical or a physical 
law, but a mathematical law, or rather it expresses a mathematical 
consequence of the assumption that the gas-molecules of different 
gases differ apart from their mass in only two respects, namely, 
their size and their cohesive powers. 

Thus the extent to which the law of corresponding states is true 
provides a test of the degree of truth of Yan der Waals’s funda- 
mental assumption that molecules differ in only these two respects 
from one another. Every chemist and every physicist knows that 
the law of corresponding states is somewhere near to being true, 
but everyone who has worked specially at the subject knows 
further that it is not very near. We have had evidence already 
this evening of its imperfections. If the law had been strictly 
true, the value of v,/4b, tabulated in the last column of Table II 
would be precisely the same for all gases: in actual fact this value 
is just about twice as great for hydrogen as for argon. Thus the 
molecules of hydrogen and argon are not built on the same model 
except for differences in mass, size, and cohesive power. We 
know enough about the molecules of hydrogen and of argon to 
have made this statement on quite other grounds than the failure 
of the law of corresponding states: we know that the molecules 
differ in at least one further respect—they differ in atomicity and 
so, presumably, in shape. 

We have seen that if a molecule could be specified by two con- 
stants in addition to its mass, the equation of state would contain 
two constants in addition to the gas-constant and the law of corre- 
sponding states would be strictly true. The imperfection of the 
two-constant specification is not only shown directly by the partial 
failure of the law of corresponding states, but is further shown 
indirectly by the number of three-, four-, and even five-constant 
formule which have been introduced in the search for accurate 
equations of state. We shall return to some of these in a moment; 
for the present let us leave this aspect of the problem with the 
remark that in Van der Waals’s original equation the two constants 
had quite definite. physical meanings, and were suggested by 
definite physical properties of the molecule; the same is not true, 
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so far as I am aware, of any of the more complex equations of 
state which have been suggested. For this reason Van der Waals’s 
equation must be regarded as possessing a permanency such as 
cannot be achieved by any of the more elaborate equations of state 
at present in existence. 

Let us now try to probe a bit more deeply into the physical 
meaning of the “size”’ and “ cohesive force” of gases. Van der 
Waals supposes that the cohesive force is necessarily positive : 
“particles of matter must always show attraction.” If so, where 
does this universal cohesive force originate? It cannot originate 
in gravitational attraction; a simple calculation shows that this 
is far too small to enter into the question at all. If particles of 
matter always show attraction, it is clearly to the electrical structure 
of matter that we must look for an explanation of this attraction. 
Now a molecule of gas is an electrically neutral structure: the 
aggregate of its positive charges is exactly equal to that of its 
negative charges. If two molecules had each of them an excess 
of negative charge, they would of course repel one another; if 
each had an excess of positive charge, they would still repel; if 
they are each electrically neutral, the resultant force is, at any 
rate at the first glance, as likely to be positive as negative. There 
is so far no indication of the supposed necessity for all particles 
to attract. 

The arrangement of the electric charges in all molecules is of a 
somewhat special type, for a molecule is made up of atoms, and 
in every atom, so far as we know, the positive charges are crowded 
together at the centre whilst the negative charges circulate in the 
outer regions. Is the preponderant attraction in some way a 
consequence of this special type of arrangement? No, for a quite 
general mathematical theorem, generally known as Gauss’s 
Theorem, shows that the average force emanating from a whole 
molecule, or other electrically neutral structure, is zero. The 
average is best taken by averaging the radial force over any sphere 
we please which completely encloses the molecule, but it is equally 
permissible to average the normal force over any other surface 
provided only that it completely encloses the molecule. In what- 
ever way the average is taken, the theorem makes it clear that 
there can be no preponderance of attraction over repulsion. Thus 
when two molecules are placed in juxtaposition, their orientation 
being selected at random, they are just as likely to repel as to 
attract. The argument, as we have so far sketched it out, is, 
it is true, concerned only with electrostatic forces, but it is readily 
seen that the electromagnetic forces also are as likely to be repulsive 
as attractive. 
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To get the true explanation of the preponderance of attractive 
forces, we have to descend into the depths of statistical mechanics, 
An exact solution to the problem of molecular motions shows 
that there will, in actual fact, be a real preponderance of attractive 
forces. The reason, which is found to depend only on general 
mechanical principles, is briefly (and somewhat incompletely) as 
follows. Imagine that in a certain brief interval, one thousand 
molecules flying about through the gas, pass so near to one thousand 
other molecules that the forces between them become appreciable— 
in the terminology of the Kinetic Theory of Gases, a thousand 
‘encounters’ take place. At the beginning of each encounter, 
the orientation may be supposed arranged at random, so that 
the intermolecular forces are as likely to be repulsive as attractive. 
Thus we may suppose that in five hundred encounters, the force 
is initially repulsive whilst in the other five hundred it is initially 
attractive. But the difference between the two types of encounter 
is not limited to a mere difference of sign. In a repulsive encounter, 
the molecules speedily drive one another away; the repulsive 
forces lessen the duration of the encounter. In an attractive 
encounter the reverse is the case, so that on the average an attractive 
encounter lasts longer than a repulsive one. Hence at any given 
instant of time there will be more attractive encounters than 
repulsive encounters in being—the “ birth-rate”’ of the two types 
of encounters is the same, but the “ expectation of life’ for the 
attractive encounter is much the greater. Thus at any given 
instant of time the force exerted by a gas on its outermost layer 
is one of attraction, as supposed by Van der Waals; but this 
attraction is, so to speak, much more of an abstruse mathematical 
theorem, and much less of an inherent property of matter, than 
Van der Waals imagined. 

In a gas the duration of an encounter is at best very brief, and 
the net attractive force resulting from inequalities in the durations 
of these encounters cannot be very great. In liquids, on the 
other hand, encounters are far more frequent and also more lasting; 
the repulsive encounters are so soon over that they may perhaps 
almost be neglected. Thus the net attraction is of an altogether 
higher order of magnitude than in a gas. The effect, which results 
only in a slight correction to the gas-pressure in a gas, gives rise 
to the phenomena of surface tension and capillarity in a liquid. 
Finally, in a solid, each atom is in a permanent attractive “ en- 
counter’ with its neighbour, and we have the still more powerful 
forces of cohesion. 

As, increasing the temperature, we pass in succession through 
the solid, liquid, and gaseous states, we find the duration of 
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encounters ever lessening, until finally, at infinite temperature, 
the duration of an encounter is zero. It is true that the number 
of encounters per unit time is infinite, but the difference between 
the duration of an attractive and a repulsive encounter may now 
legitimately be neglected, and we find that the resultant force of 
attraction vanishes altogether at infinite temperatures. 

Thus, to fit in with our present view of its meaning, Van der 
Waals’s a ought to be a function of the temperature. We can 
go further and say, as the result of a brief calculation, that at 
high temperatures it ought to vary approximately as the inverse 
of the absolute temperature 7’. The range of temperature over 
which Van der Waals compared his equation with observation was 
so limited that he was not led to suspect any variation of a with 
temperature : moreover, such variation would have been entirely 
inconsistent with his preconceived view as to the origin of a— 
namely, the attractive force permanently inherent in every molecule 
for every other molecule. But as soon as Clausius and Sarrau 
attempted to fit Van der Waals’s equation to the extended observ- 
ations of Amagat on carbon dioxide, the dependence of a on the 
temperature became manifest, and Clausius was led to suggest the 
equation 


(p 4 To ce) — 4b,) = aT, 


which, except for the replacement of v by v + c in the denominator 
in the first term, is identical with Van der Waals’s equation in 
which a is made to vary inversely as the absolute temperature. 
Although this equation is successful with the isothermals of carbon 
dioxide, and partly also with those of oxygen, nitrogen, and 
ethylene, it is far less successful in its application to certain other 
gases. Thus the equation does not express final truth any more 
than the earlier equation of Van der Waals. 

I ought, perhaps, to add that when Clausius tried still further 
to improve the equation of state, he found it necessary to replace 
a, not byza’/7’, as in the above equation, but by a’ /T"® —a’"T. 
This quantity does not even approximately vary inversely as the 
temperature—indeed at high temperatures it increases directly as 
the temperature and is negative. Nevertheless, I think our explan- 
ation of the physical significance of a can stand; it seems likely 
that in the expression I have just written down the term a’’/7™ 
represents the a of Van der Waals, whilst the rebellious term 
a’’T' is not cohesive at all but represents part of his 45,. 

To see how this can be, let us replace the 4b, of Van der Waals 
by 6 + b’, where b and b’ are any small quantities, limited only 
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by the condition that their sum shall be equal to 4b,. The original 
equation of Van der Waals can now be written in the form 


(p+ £)o ui an Ppa. 


If, as we are entitled to do, we neglect products of the small 
quantity b’ by the other small quantities @ and 6, this equation 
transforms by simple algebra into 


(p rh. — in aa all 


The interpretation of Clausius’s term—a’"’7' is now clear; a’” is 
the same as b’«7’, and the term in a’” merely represents taking a 
bit off the 4b, correction and adding it to the a correction. Thus 
the a’” of Clausius does not originate out of the cohesive forces 
at all, but out of the finite size of the molecules, as is indeed sug- 
gested a priori by the algebraic sign which it is found necessary 
to attach to it. 

The true cohesive force represented by the term a’/7’ in the 
simpler of the two equations of Clausius, and by the term a’’/7" 
in his more complex equation, still falls off at some inverse power 
of the temperatures. At very high temperatures, the cohesive 
force disappears altogether, the reason being, as we have already 
seen, that in each molecular encounter the force is just as likely 
to be repulsive as attractive. At very low temperatures, on the 
other hand, the cohesive force increases almost beyond measure, 
the reason being that molecular encounters of repulsive type are 
exceedingly transitory, whilst those of attractive type last very 
long by comparison. At low temperatures and low volumes, the 
term a/v? may easily become very large in comparison with p— 
the liquid state. If we neglect p entirely, Van der Waals’s equation 
gives ‘ 

av 
v = 4b, + . A 


an equation which gives a qualitative explanation of the heat- 
expansion of a liquid. The actual value predicted for the coefficient 
of expansion is, of course, not accurate : we have no right to strain 
Van der Waals’s equation by using it in these regions at all. But 
we may notice that our equation attributes the temperature expan- 
sion to the heat-motions of the molecules as represented by the 
factor «7', and there is no reason to doubt that in the main this 
is the true cause. 

Van der Waals supposed his second constant b, to originate in 


inal 
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the finite size of the molecules. That this is substantially the true 
explanation cannot be doubted; we can determine the size of 
gaseous molecules in a variety of ways, and they all, including the 
determination from the observed value of b,, lead to the same result. 
For instance, the size of a hydrogen molecule, assumed for simplicity 
to be spherical, can be determined independently from the three 
phenomena of viscosity, conduction of heat, and diffusion—the 
radius of the supposed sphere comes out, by each of the three 
methods, to be 0-68 x 10% cm. The value calculated from the 
observed value of b, is 0-64 x 10% cm. It is inevitable that this 
latter value should differ somewhat from that deduced from the 
three other methods, for the assumption that the hydrogen molecule 
may be treated as spherical is bound to introduce some error. But 
the agreement is sufficiently close to show that the quantity measured 
by 5, is in effect the size of the molecule, and if we take the mean 
of the two quantities just mentioned, namely 0-66 x 10° to repre- 
sent the radius of the hydrogen molecule, we find that the size 
of the hydrogen atom must be that of a sphere of radius 1/*/2 
times this, or 0-53 x 10% cm. But what precisely is the “size” 
which is found in this way ? 

When we speak of the size of, say, a billiard-ball, we speak of a 
volume which is clearly marked out in space, and which, moreover, 
cannot be changed to any great extent by any agencies which are 
likely to be applied to it. But when we speak of the size of a 
hydrogen atom there is no such definiteness of meaning. A normal 
hydrogen atom consists of two electric charges each of infinitesimal 
size at a distance apart equal to 0-53 x 10% cm. These two 
charges can scarcely be said to occupy a volume at all; they rather 
occupy a finite piece of a line, or perhaps, if we take into account 
that one is describing an orbit about the other, a flat disk. Yet a 
study of hydrogen in the solid state shows that each atom occupies 
a volume somewhat larger than that of a sphere of radius 
0:53 x 10° cm., and the value just calculated for the observed 
size of the hydrogen atom in a gas shows that each atom of hydrogen 
reserves for itself a volume just about equal to that of a sphere of 
radius 0-53 x 10% cm. In each case, the space is as definitely 
reserved against the encroachment of other atoms or molecules 
as though it were occupied by matter of almost infinite hardness, 
although, as is shown by experiments on the scattering of «- and 
8-particles, free electrons can pass clear through this space as 
though it were entirely free from matter. 

The extreme “hardness” of the atom or molecule—in spite of 
its wholly invertebrate structure—receives a ready explanation 
from the quantum theory. We know from the researches of Bohr 
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that an infinite number of orbits are theoretically possible for the 
electron of the hydrogen atom, but that, except in the intense 
bombardment of the electric are or in the high temperatures of 
stellar atmospheres, all atoms are in actual fact in the state in 
which the electrons describe the orbits of the smallest radius per- 
missible, or, to put it still more shortly, all atoms are in the state 
of minimum energy. Thus no conceivable force can cause the 
hydrogen atom, or any other atom, to shrink to dimensions below 
those of its normal state. When a body yields readily to the 
application of force we describe it as “soft”’; when even a con- 
siderable force results only in a slight yielding we call it “ hard ” : 
when a body exhibits a total inability to yield at all we can only 
describe it as “infinitely hard.” Clearly the atom must be put in 
the last of these three categories, so that the quantum theory 
takes us back to the infinitely hard atoms of Democritus and 
Lucretius. 

On the purely experimental side this infinite hardness is put in 
evidence by the beautiful experiments of Franck and Hertz. 
Electrons having velocities up to about 1-3 x 108 cm. a second are 
projected so as to collide with atoms of mercury vapour and are 
found to rebound with precisely their initial velocities, just as 
though the mercury atoms were billiard balls of infinite hardness. 
It is true that as soon as the velocity of impact exceeds the velocity 
just mentioned, the incident electrons are found to lose energy on 
impact; this, as is readily shown from a study of the radiation 
which is now emitted, does not arise from any imperfection in the 
hardness of the mercury atoms, but merely from the fact that 
electrons incident with this velocity yield it up in taking the first 
step towards breaking up the atom of mercury : to be more precise, 
they push the outermost electrons into orbits of higher total 
energy, and so of greater radius, than those that they occupy 
when the atom is in its normal state. Thus there is experimental 
as well as theoretical justification for describing an atom as infinitely 
hard. 

The determination of the shape to be assigned to these infinitely 
hard atoms is a more difficult, and a far more speculative, matter. 
Apart from considerations of the quantum theory, the hydrogen 
atom consists merely of two infinitesimal point-charges. The 
quantum theory justifies us in replacing these, at least in so far 
as the “normal” state of the hydrogen atom is concerned, by an 
incompressible line of length 0-53 x 10% cm., having the two 
point-charges at its ends. And, as this line is in rapid rotation 
about one of its two ends, it is only a slight step onwards to regard 
the normal hydrogen atom as an incompressible disk of radius 
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0-53 x 10% cm. If we further suppose that this disk, the orbit 
of the negative electron, is continually changing its orientation in 
space, we speedily step to the conception of the hydrogen atom 
reserving for itself, or perhaps clearing for itself, a spherical volume 
having precisely the required radius of 0-53 x 10% cm. I do not 
think that there is any very direct evidence for the view that the 
disk-shaped atom clears a spherical space for itself by continual 
changes of its plane in space, but the view provides us at least with 
a simple and perfectly possible picture of the mechanism by which 
a disk of radius 0-53 x 10° cm. can keep for itself a sphere of the 
same radius. 

The question is one of more than incidental importance. Some 
physicists are apt to think that a congeries of Bohr atoms, with 
their apparently soft, flabby texture, cannot give us the hardness 
and precision of structure observed in, say, a metal crystal. But 
this point of view disregards the hardness and precision introduced 
into the atom by the intangible fetters of the quantum theory. 
The nature of these fetters we do not in the least understand, 
but we now recognise that they bind the electrons in an atom 
down to definite orbits with so much definiteness and precision 
that no force in creation can cause, say, the electron of the hydrogen 
atom to describe an orbit of radius less than 0-53 x 10° cm. 

It is only because of these unrelenting fetters and because of the 
“infinite hardness’ with which these fetters endow it, that the 
atom has a permanent existence. If the atom were not infinitely 
hard, the continual hammering of successive molecular encounters 
would cause the atom to shrink bit by bit into configurations of 
ever lower and lower energy, until finally the whole structure 
would dissolve into radiation through the positive and negative 
charges rushing together and annihilating one another. Nothing 
but the b, of Van der Waals stands between us and rapid annihil- 
ation, just as nothing but his a stands between us and immediate 
disintegration: it is then fortunate that the existence both of 
a and of b, can be established on firm theoretical grounds. 

Time does not permit me to discuss the later work of Van der 
Waals, such as, for instance, his work in connexion with the Phase 
rule. Even as regards his earlier work, I have elected to fill up 
my allotted hour in testing the foundations of the structure rather 
than in exploring the superstructure. My choice has been dictated 
by the feeling that now above all is the time when the foundations 
of all physical and chemical theory need to be examined in the 
light of our recently acquired knowledge of the ultimate structure 
and mechanism of matter. The importance of adding further to 
the structure is as nothing compared with the importance of making 
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sure that the whole structure is not built on sand. If I have 
helped you realise that the great work of Van der Waals can still 
be regarded as based on sure foundations, I have, perhaps, done the 
best service which was within my power to the memory of a great 
man of science. 


NOTES. 


An Improved Filiter-pump. By KENNETH CLAUDE DEVEREUX 
HICKMAN. 


THE degree of vacuum created by an ordinary venturi water pump 
may be considered to depend on the following factors : 


| (1) The velocity of the water at the jets. 


mM (2) The relative size of the injector and receiver 
jets, and the amount of expansion in the base of 
the latter. 

(3) The degree of turbulence between the air 
a and water. 


(4) The retarding effect of the walls of the pump. 


y In the present design, factor (4) is removed and 
(2) accurately controlled. The ratio between the 
capacities of the jets (x) and (y), Fig. 2, showing 
diagrammatically the ordinary filter-pump, is as 


Fic. 2. D2 D,2, requiring great accuracy in manufac- 
ture. Care is especially necessary because the jet 
area given to the water must be greater than that 
allowed for the less viscous air, this small quantity 

es being determined by the difference of two square 


numbers. 

In the filter-pump shown in Fig. 1, the air is sucked from a 
central jet (a) the area of which can be determined by inspection 
or measurement. The water jet is formed by an annulus existing 
between the constricted walls of the pump and the central air-jet. 
Providing that the annulus is larger than a certain minimun, it 
is unimportant how muc! water is passed, the vacuum efficiency of 
the pump, with regard both to the suction and to the volume dealt 
with, remaining the same. Errors in construction can only cause 
slight extravagance in the water used. The design ensures a 
maximum turbulence between the air and water, satisfying factor 
(3) above, and the air being in contact with moving water only, 
factor (4) is abolished. 
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The pump may be made to deal with small volumes of air, giving 
good vacuum, off low water pressures; or a large capacity and 
medium or good vacuum may be obtained with heavy pressures. 
In the first case, jet (a) should be 1 mm. in external diameter, and 
the pump constriction at the annulus 3 mm. in internal diameter. In 
the second instance, (a) may be 2} mm. and the annulus 3}—4 mm. 
Other variations will suggest themselves for specific purposes. 
The pump is especially useful where it is desired to suck water 
instead of air; a very wide central jet is employed. 

According to a modification, a second jet can be arranged to carry 
water into the centre of (a) so that double pumping effect is produced. 

The device has been tested repeatedly and found to give rapid 
and complete evacuation.—IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY, SoutH Kewnsrneton. [Received, November 3rd, 
1923.] 


A Laboratory Water Motor. By KENNETH CLAUDE DEVEREUX 
HICKMAN. 


SMALL water motors are unsatisfactory because of their excessive 
speed and tendency to leak. The accompanying sketch shows a 
simple slow-speed motor affording a good 
turning moment. 

A cylindrical vessel, A, is fitted with a 
wide overflow tube, BB’, and a jet, C. A 
central tube, D, acts as a bearing for a 
spindle, H, carrying a large vane, H, recessed 
at F to clear the jet C. When working, 
water accumulating in A is rotated slowly 
by that issuing from the jet at high velocity, 
and the vane moves with the water. The 
system acts as an automatically variable 
gear, centrifugal force maintaining within A 
a small quantity of water at greater velocity 
or a larger amount at a lower speed, at will. 
When it is desired to remove the propeller, 
K, from any vessel, the spindle carrying the 
vane is lifted without disturbing the body 
of the motor. 

It will be seen that, according to this 
design, the jet rotates a body of water, the water in turn moving 
the vane. The jet does not play on the vane.—IMPERIAL COLLEGE 
OF SctrENCE AND TECHNOLOGY, SoutH KeENsrINeTON. [Received, 
October 31st, 1923.] 


Fia. 1. 


3416 NOTES. 


A Thermostat Refrigerator. By KENNETH CLAUDE DEVEREUX . 
HICKMAN. f 
THE mercury- and gas-operated thermostat, whilst satisfactory ] p 
for ordinary use, becomes unmanageable at room temperature § tl 
and valueless if it is required to keep the bath colder than the 9 4 
laboratory. I! 
The following simple piece of apparatus has been used to main- 
tain a bath at 15° (+. 0-05°) in summer and winter with only a g, 
minor adjustment for the | 
alternate seasons. By a 
modification, which, how. J 
ever, slightly impairs the § P- 
sensitivity, variations § SU 
due to the passage from § 
summer to winter are | 
automatically compens- § 2: 
ated. in 
The apparatus consists 9 S¢ 
essentially of a toluene- J di 
mercury expansion bulb, } ‘é 
A, B, C, working in con- J hy 
junction with a head, D, § tal 
a water-bath, H, and a § re 
coil of metal pipe, N, 9 4 
immersed in the thermo- 7 
stat. When working with J in 
the room temperature ] Sy! 
lower than the thermo- § ion 
stat, the water in H being J the 
heated by a burner, a § The 
slow stream of tap water § tem 
+ enters the head D at F, § ted 
re and normally passes J lea 
away by E, E”’ into H, which then overflows via M and L into the § qu 
coil N, warming the latter. The 
When the bath reaches the required temperature, mercury rises § 2 
in #, and the water takes the alternative path, G G’’, whence it J oxic 
conveys heat from H through K to the sink. suly 
In summer, H is packed with ice and the position of the tubes J (Wa 
G’’, E'’, is altered to G’, E’. The path of the water can be traced J diox 
by reference to the figure. When the thermostat becomes too § “#.) 


hot, ice-water overflows through LZ, M to the coil, N. 
A modified head is shown in Fig. 2. The water entering at W 
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has a choice of three paths via X, Y, or Z. X conveys water to 
a heated bath, Y to the sink, and Z to an ice-bath, the delivery 
pipes terminating in ascending order as shown. The water then 
passes from the hot or cold reservoir into the thermostat coil in 
the manner previously described.—IMPERIAL COLLEGE OF SCIENCE 
AND TrEcHNOLOGY, SoutH Kensineton. [Received, October 31st, 


1923.] 


Sulphur Dioxide as an Oxidising Agent. By WILLIAM WaARDLAW 
and NoRMAN DarBy SYLVESTER. 


CoMPARISON of the results of a recent investigation (this vol., 
p. 969) with those obtained in'researches on the constitution of 
sulphur dioxide solutions has led to a new conception of the oxid- 
ation process. 

According to Schaefer (Z. anorg. Chem., 1918, 104, 212), only 
a fraction of the sulphur dioxide dissolved in water is transformed 
i into the true acid; even in 0-002N-solution sulphur dioxide hydrate, 
7SO0,...OH,, can still be optically detected. Sulphur dioxide 
j dissolves without change of constitution in sulphuric acid of concen- 
j tration exceeding 10N; in 4N-acid, it is present principally as the 
hydrate, whilst in concentration above 4N, gradual dehydration 
j takes place with formation of sulphur dioxide molecules in in- 
creasing numbers. Large quantities of sulphur dioxide hydrate 
# are present in the low concentrations of sulphuric acid. 

The facts that sulphur dioxide is a more active oxidising agent 
in the higher concentrations of sulphuric acid (Wardlaw and 
Sylvester, loc. cit.), which contain increasing quantities of non- 
ionised constituents, and that its action is relatively slow lead to 
the conclusion that possibly the action is not ionic but molecular. 
The difficulty with which sulphur dioxide reacts at the ordinary 
temperature shows that in the gaseous state it is not a strong 
reducing agent. Consideration of its typical reducing actions 
leaves little doubt that it functions best as a reducing agent in 
aqueous solution where there is a maximum possibility of ionisation. 
There are many reactions which reveal gaseous sulphur dioxide as 
an oxidising agent at comparatively low temperatures. The 
oxidation of tervalent molybdenum sulphate in 10N- and 15N- 
sulphuric acid was found to proceed beyond the quadrivalent stage 
(Wardlaw and Sylvester, loc. cit.). In those experiments sulphur 
dioxide was present as the dissolved gas (compare Schaefer, loc. 
cit.) and must have reacted as such. However, in lower acid 
concentration, where both the hydrate SO, ...OH, and the non- 
ionised acid H,SO, werez present, oxidation still took place, and 
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therefore it seems probable that in addition to molecylar sulphur 
dioxide the other non-ionised constituents may function as oxidising 
agents. 

The formation of a hydrate of sulphur dioxide, if we accept the 
formula suggested by Rankine and Smith (Proc. Physical Soc., 
1922, 35, 33) will occur as follows : 


0 4H OH 


The peroxide group thus produced will, in contact with a suitable 
reducing agent, give rise to an oxidising reaction. Otherwise it 
will assume the more stable configurations 


| OO | fi O | 
| S H, == |0SO|H 
LO | H 


A reaction in which sulphur dioxide functions as an oxidising agent 
can be represented thus : 


= (1) (2) 
O ~ OH OH OH 


The initial reduction product of the sulphur dioxide and its hydrate 
is probably the hypothetical sulphoxylic acid, which by further 
reactions can give rise to hyposulphurous or the thionic acids. 
When sulphur is precipitated as the result of an oxidation by 
sulphur dioxide, it may be considered as the end product of a 
series of unstable intermediate substances.——THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM. [Received, July 9th, 1923.] 


The Reaction between p-Dibromobenzene and Magnesium. By 
HERBERT SHEPPARD PINK. 


As Grignard reagents of the type C,H,(MgX), could probably 
be utilised for the production of many interesting compounds, 
including bridged-ring aromatic hydrocarbons, the action of 
magnesium on p-dibromobenzene has been studied. 

When a solution of p-dibromobenzene (1 mol.) in anhydrous 
ether is treated with magnesium (2 atoms), the product is almost 
wholly magnesium p-bromophenyl bromide, C,H,Br-MgBr; about 
one-half of the magnesium cannot be brought into solution. 

When the reaction was carried out at room temperature, heat 
was developed and a viscous, brown oil soon commenced to separ- 
ate which gradually covered the metal and stopped the reaction 
after about one-third of the magnesium had disappeared. Vigorous 
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agitation then caused the reaction to recommence, but even after 
prolonged shaking more than one-half of the original quantity of 
magnesium was unchanged. From the product, after treatment 
with ice and dilute acid, bromobenzene, p-bromophenol, p-dibromo- 
benzene, and pp’-dibromodiphenyl were isolated; thus there was 
no evidence of the formation of a Grignard reagent of the desired 
type. 

5a a similar experiment, carried on for a longer time and with 
mechanical stirring throughout, very little more than one-half of 
the magnesium passed into solution and the brown oil was pro- 
duced as before; the product after treatment with water gave 
traces of benzene (indicating the formation of a di-Grignard com- 
pound), p-dibromobenzene, and p-bromophenol, but consisted 
almost entirely of bromobenzene and pp’-dibromodiphenyl. The 
viscous, brown oil is insoluble in ether, but as soon as the ethereal 
layer is decanted and the oil washed with ether, it becomes very 
viscous and begins to solidify at the surface. When heated on 
the water-bath, it gives a considerable quantity of ether and the 
colourless solid residue, decomposed with ice and dilute acid, 
yields a very little benzene together with bromobenzene, pp’-di- 
bromodiphenyl, and a large proportion of magnesium bromide. 

It appears, therefore, that the oil consists principally of mag- 
nesium bromide—formed by the action of magnesium p-bromo- 
phenyl bromide on p-dibromobenzene—the Grignard compound 
C,H,Br-MgBr (combined with ether), and pp’-dibromodipheny]l. 

Attempts to prepare the di-Grignard compound by carrying out 
the reaction at — 10° with vigorous stirring were also unsuccessful, 
although a larger proportion of magnesium passed into solution 
and there was no separation of the oil described above; after 


| treatment of the product with ice and dilute acid, bromobenzene 


and a trace of p-bromophenol together with a very little benzene 
were obtained, but the product was practically free from p-dibromo- 
benzene and pp’-dibromodiphenyl. 

In boiling ethereal solution the results were substantially the 
same as those obtained at room temperature; the brown oil was 
again produced and after treatment with water only traces of 
benzene were obtained. The principal organic product was 
pp’-dibromodiphenyl. 

From these results it may be concluded that at low temperature 
the formation of magnesium p-bromopheny! bromide is practically 
quantitative, but that at a higher temperature this compound 
reacts with unchanged p-dibromobenzene to give pp’-dibromo- 
diphenyl. An attempt was therefore made to obtain the desired 
product by first treating p-dibromobenzene (1 mol.) with magnesium 
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(1 atom) at — 17°, and when all the metal had disappeared, adding 
more magnesium to the boiling solution of magnesium p-bromo. 
phenyl bromide. Very little magnesium, however, was dissolved, 
and when decomposed with water the product contained only a 
very small proportion of benzene. In another experiment, the 
ether from the prepared solution of magnesium p-bromopheny] 
bromide was evaporated, pure benzene added, and the mixture 
boiled with some fresh magnesium and a few drops of dimethyl. 
aniline; there was, however, no appreciable diminution in the 
quantity of the metal. 

The author is indebted to Prof. Kipping, F.R.S., for suggesting 
this work.—UNIVERSITY CoLLEGE, NoTTINGHAM. [Received, October 
18th, 1923.] 


Action of Hydrazine Hydrate on Phenanthraquinone. By 
SIKHIBHUSHAN Dutt and Nirmat Kumar SEN. 


PHENANTHRONE was readily obtained as follows. Ten grams of 
phenanthraquinone, suspended in 100 c.c. of absolute alcohol and 
treated with 3 grams of hydrazine hydrate, dissolved, the colour 
of the solution changing through various shades of green and blue 
to lemon-yellow, nitrogen being evolved, and heat developed. 
After twenty-four hours, the reaction mixture was poured into 
dilute hydrochloric acid, the brown, crystalline precipitate collected, 
unchanged phenanthraquinone extracted with a hot solution of 
sodium bisulphite, and the residue recrystallised from dilute alcohol 
containing hydrochloric acid, phenanthrone being obtained in 
colourless plates with metallic lustre, m. p. 151° (Found : C = 8658; 
H = 5-6. Calc., C = 86-6; H = 5-1 per cent.). Its identity was 
established by direct comparison with phenanthrone prepared by 
Japp and Findley’s method (T., 1897, 71, 1115). 

Condensed with phenanthraquinone (1 mol.) in benzene solution, 
the above compound (1 mol.) yielded dark red prisms, m. p. 158° 
(Japp and Findley give m. p. 156—157°), which on reduction with 
hydriodic acid and red phosphorus at 150° for six hours gave tetra- 
phenylenefuran, m. p. 310° (Japp and Findley give m. p. 306°) 
(Found: C= 90-8; H=4-3. Calc.,C = 91-3; H = 4:3 per cent.). 

Five grams of phenanthraquinone and 4 grams of hydrazine 
hydrate were heated with 30 c.c. of absolute alcohol at 200° for 
six hours, the product was poured into hydrochloric acid, and the 
white precipitate crystallised from alcohol, when phenanthrone, 
m. p. 151°, was obtained in almost quantitative yield. No other 
product could be isolated—THr CuHEmicaL Laporatory, DAcca 
University, East Bencau. [Received, July 9th, 1923.] 
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CHARLES BASKERVILLE. 
Born JANUARY 18th, 1870; Diep January 281TH, 1922. 


(CHARLES BASKERVILLE was a devoted, enthusiastic member of the 
Society of Chemical Industry. He was tireless in his efforts to 
promote its ideals in his native land. 

It is not easy for one who knew him from early manhood to the 
close of his life to prepare a proper sketch for the Journal of the 
Chemical Society, because the natural tendency is to dwell at length 
upon his noble character and upon his aims. The writer can see 
him—shortly after the attainment of his Bachelor’s degree, and 
hear him expressing his purposes for the future; and then, in his 
mind, he follows him down to the last of his scientific activities. 
Throughout them all there was earnest purpose in his procedure 
and method. 

Baskerville loved chemistry ardently. She was truly his mistress. 
For her he worked day and night, in season and out of season, and 
it was a great joy to his friends to listen to him from time to time 
setting forth the solution of problems upon which he had engaged. 

Baskerville was loyal. His personality was of such a nature that 
he attracted men to him. He was a teacher who inspired his 
pupils. He possessed the power in a remarkable degree of making 
lucid expositions of his subjects. He was an organiser and ad- 
ministrator of the highest order. For thirty years he occupied a 
prominently successful position in chemical education. 

In addition, Baskerville found time for research on the rare 
earths and on the chemistry of anesthetics. In the industrial 
field, he was active in the refining and hydrogenation of vegetable 
oils, and established plastic compositions as well as succeeded in 
reinforcing metals. He was busy, too, with studies on pulp and 
the paper industry, particularly with that branch which relates 
to the recovery of used stock. 

Baskerville assembled a mass of valuable information on the 
danger of various manufacturing processes and the best ways to 
meet and overcome these dangers. 

For the State Legislature of New York Baskerville prepared a 
report on wood alcohol, in which its method of manufacture, the 
danger incident to its use, and the various commercial applications 
of it, as well as the discussion of proposed regulations for the control 
of the manufacture and use of wood alcohol, were exhaustively 
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studied. He gave attention, also, to hygiene and published lengthy 
researches on the manufacture and use of various inhalation 
anesthetics used in surgery. 

One hundred and ninety papers, eight books, and sixteen patents 
attest the scientific energy of Baskerville in the field of applied 
chemistry, and in the effort to improve the condition of humanity. 

Baskerville was born on June 18th, 1870, in the State of Missis- 
sippi. His studies were carried out at the University of that State, 
at the University of Virginia, Vanderbilt University, and the 
University of North Carolina. From the latter he received the 
B.S. degree in 1892, and the Ph.D. degree in 1894. He studied at 
several German universities. His teaching years were spent as 
instructor, assistant professor, and professor in the University of 
North Carolina until 1904, when he became Professor of Chemistry 
and Director of the Chemical Laboratory of the College of the 
City of New York. While engaged here he died on January 28th, 
1922. <A wife, son, and daughter survive him. 

Baskerville was one of the most constant attendants on the 
meetings of the American Chemical Society, labouring earnestly 
for its best interests. He was also a Fellow of the London Chemical 
Society, member of the Society of Chemical Industry, of the American 
Institute of Chemical Engineers, American Electrochemical Society, 
the Washington and New York Academies of Science, the Franklin 
Institute, and the American Association for the Advancement of 
Science. 

A review of the many contributions which he made to chemistry 
will very promptly satisfy the student that Baskerville really 
extended the borders of human knowledge in his chosen field. 
His death was a blow, not only to those who knew him intimately, 
but to every student of chemistry, for he touched upon every 
department of the science and left a lasting imprint. 

Epe@ar F. Situ. 


ALEXANDER CRUM BROWN. 
Born Marcu 267TH, 1838; Diep OcToBER 28TH, 1922. 


THE death of Alexander Crum Brown removes the last of those who 
played a part in the reshaping of organic chemistry in the early 
sixties. His main scientific work was done while he was yet a young 
man, and much of it is now forgotten or only vaguely remembered. 
Had he possessed a spark of worldly ambition his name would 
occupy a more prominent position in the history of science than 
to-day it does, for in actual achievement he is worthy to rank with 
Joseph Black, his great predecessor in the Edinburgh Chair. 


ALEXANDER CRUM BROWN 


[To face Trans.. p. 
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Crum Brown was born in Edinburgh on March 26th, 1838, and 
came of a long line of distinguished divines and theologians, his 
father being Dr. John Brown (1784-1858), minister of Broughton 
Place United Presbyterian Church. On his mother’s side, he was 
descended from Ebenezer Erskine (1680-1754), founder of the 
Scottish Secession Church. Dr. John Brown was twice married. 
His son by the first marriage was John Brown, M.D. (1810-1882), 
well-known as an Edinburgh physician, but who earned a wider 
fame as the author of “‘ Rab and his Friends,”’ “‘ Hore Subsecive,”’ 
and other literary essays. Crum Brown, the only son of the second 
malriage, was named after his maternal grandfather, Alexander 
Crum, of Thornliebank, a merchant and manufacturer of Glasgow. 
His mother’s brother, Walter Crum, F.R.S. (1796-1867), was a 
chemist of note, and it is probably due to the influence of this 
uncle that Crum Brown’s thoughts were specially directed to 
chemistry amongst the various subjects of his university studies. 

Crum Brown was a precocious child and always busy with models 
and inventions. Before he went to school he had made a practical 
machine for weaving cloth, an early indication of his life-long 
interest in knots and complicated systems of knitting. His edu- 
cation was received in the Royal High School, Edinburgh, where 
he spent five years, followed by one year at Mill Hill School. In 
1854 he entered the University of Edinburgh as a student, first of 
Arts, and then of Medicine. He was gold medallist in the classes of 
Chemistry and Natural Philosophy, and graduated as M.A. in 1858. 
Continuing his medical studies, he received the degree of M.D. in 
1861. During the same time he read for the science degree of 
London University, and in 1862 he had the distinction of being the 
first candidate on whom the Doctorate of Science of the University 
of London was conferred. After his graduation as Doctor of 
Medicine in Edinburgh he continued the study of chemistry in Ger- 
many, first under Bunsen at Heidelberg, and then at Marburg under 
Kolbe. 

In 1863 he was licensed as an Extra-academical Lecturer in 
Chemistry by the University of Edinburgh. His classes were small— 
sometimes the total membership was only two—so that he was left 
ample leisure for research. In 1869 he succeeded Lyon Playfair 
in the Chair of Chemistry at the University and held office until his 
retirement in 1908. 

Crum Brown’s scientific work bears a marked individual stamp. 
His mind was essentially philosophic and speculative, and he was 
specially interested in symbolic representation, as is manifest in 
his thesis for the M.D. degree, presented at the age of twenty-three. 
This was not a commonplace report of cases, but was entitled “ On 
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the Theory of Chemical Combination,” and showed him to be a 
pioneer in scientific thought. When he took the University course in 
chemistry under William Gregory there was no laboratory in which 
practical work could be carried out, and a glance at Gregory’s 
“‘ Hand-book of Organic Chemistry ” of the date (1856) shows how 
small a part theoretical considerations then played in the present- 
ation of the science. Lyon Playfair had succeeded Gregory in 
1858, and within a year or two had created a useful teaching 
laboratory, but that even he was far from being on the scientific 
level of the young medical student is evidenced by the cold reception 
given to Crum Brown’s thesis in 1861. It was judged as “ worthy 
to compete ” for the Dissertation Prizes, but did not receive one, 
although no fewer than sixteen awards were made. In this thesis 
he expresses his purpose to sketch the history of the law of equiva- 
lence or substitution, and the law of polarity, ‘to discuss the 
bearing of recent discoveries on them ; and to endeavour to determine 
what is the form in which they may best be expressed, so as to 
include all the facts, and be, as nearly as possible, a strict generalis- 
ation from them.” In the course of the discussion of types and radi- 
cals he evolved a system of graphic formulation in all essentials 
identical with that in use at the present day. These formule were 
the first to represent clearly and satisfactorily both the valency 
and the linking of atoms in organic compounds (this vol., p. 942). 
His views of polarity are instructive :—‘‘ (1) Bodies (7.e., radicals, 
simple and compound) may be arranged with general accuracy in 
a linear series, the members of which differ from each other in 
polarity (7.¢c., as being positive or negative) according to their 
distance from each other in the series. The few exceptions to 
this seem to indicate that there is more than one cause producing 
the variations in polarity. (2) Bodies preserve their polar properties 
in combination, and in compound radicals the substitution of one 
or more negative for one or more positive atoms renders the radical 
more negative, and vice versa.” He concludes by saying “ The 
questions with which we set out [namely, ‘ What is the nature of 
the forces which retain the several molecules or atoms of a compound 
together?’ and ‘ How may their direction and amount be deter- 
mined ? ’] are not yet capable of being answered, although a certain 
amount of progress has been made towards their solution. Chem- 
istry, however, labours, and probably must always labour, under 
a great disadvantage as compared with most other branches of 
physics, in so far as the application of mathematical analysis is 
concerned. The very existence of the atoms, the consideration of 
which should form- the starting-point of such analysis, is hypo- 
thetical. Still, it does not seem to me improbable that, by assuming 
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that these atoms exist, and that certain forces act upon them under 
certain laws, we may be able to form a mathematical theory of 
chemistry, applicable to all cases of decomposition and recomposi- 
tion, the truth of whose results shall be independent of the truth 
of those assumptions by means of which the theory has been formed, 
just as the truth of the results of the undulatory theory of light is 
independent of the existence of the luminiferous ether.” 

In his thesis he displays an insight and a philosophic wideness 
of vision comparable with that of Archibald Scott Couper, with 
whose work at that time Crum Brown was unacquainted, although, 
strangely enough, in the year 1858 they must have been in the 
University together, Couper having served as Lyon Playfair’s 
assistant for a few months before the onset of his tragic illness. 

In 1864 Crum Brown published (7'rans. Roy. Soc. Edin., 23, 707) 
an important paper “‘On the Theory of Isomeric Compounds,” 
reprinted in this Journal, 1865, 18, 230, in which, making free use 
of his graphic formule, he discusses the various types of isomerism, 
paying special attention to that of fumaric and maleic acids, and in 
general to compounds that are “‘ absolutely isomeric,” (¢. e., which 
possess the same constitutional formula). He criticises the views of 
Kekulé and of Butlerow, and concludes, “‘We thus see that the 
attempts to apply to the explanation of particular cases the principle 
of a difference between the equivalents of multequivalent atoms 


have failed, not . . . from any absurdity in the principle itself, but 
rather from a want of well-observed facts to guide us in its 
application.” 


In 1866, in continuation of his systematic work he published 
(ibid., 24, 331) another paper “On the Classification of Chemical 
Substances by Means of Generic Radicals.” This paper he sent 
to Frankland, and received from him letters dated May 28th and 
June 4th, 1866, containing the following extracts which show the 
reception accorded to graphic formule at that period. “ Many 
thanks for the proof of your very interesting paper on the classi- 
fication of chemical substances. I am much interested in graphic 
formule and consider that yours have several important advan- 
tages over Kekulé’s. In my lectures here last autumn I used them 
throughout the entire course and with very great advantage, and 
I have now in the press a little book of Lecture Notes for Chemical 
Students in which they are copiously used.” “I am just now 
endeavouring to get Kolbe to express certain of his fundamental 
formule graphically. We should then understand each other 
better. There is a good deal of opposition to your formule here, 
but I am convinced that they are destined to introduce much more 
precision into’ our notions of chemical compounds. The water-type, 

VOL, CX XIII. | 5x 
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after doing good service, is quite worn out.” In the Journal of 
this Society Crum Brown’s graphic formule are used for the first 
time by others in a paper by Chapman and Thorp (1865, 19, 494), 
and extensively in one by Frankland and Duppa (1866, 20, 211). 

In 1867 Crum Brown published a paper “ On an Application of 
Mathematics in Chemistry ’ which bears a superficial resemblance 
to Sir Benjamin Brodie’s “Calculus of Chemical Operations,” 
but differs from it in method, object, and result. He uses a func- 
tional notation to express certain general and serial relations in those 
cases where the common atomic notation is inconvenient or obscure. 
In a criticism of Brodie’s system (Phil. Maq., 1867, [iv], 34, 129) 
he upholds the use of atomic and graphic formule and says : “‘ While 
there can be no doubt that physical research points to a molecular 
constitution of matter, it is perfectly indifferent to a chemist whether 
his symbols represent atoms or units; and graphic formule would 
be as useful as they are now, were it conclusively proved that 
matter is continuous.” It is interesting at the present time to 
note that in considering the (formal) polymerisation of acetylene 
he arrives by one method of representation at Dewar’s formula 
for benzene and by an alternative method at Kekulé’s. 

Although Crum Brown apparently never contemplated the 
practice of medicine, his training as a medical student gave him an 
interest in physiology and pharmacology which led him to col- 
laborate during 1867-8 with T. R. Fraser, a distinguished medical 
graduate a few years younger than himself, in a pioneering investi- 
gation of fundamental importance on the connection between 
chemical constitution and physiological action (Trans. Roy. Soc. 
Edin., 25, 151, 693). Their method “consists in performing upon 
a substance a chemical operation which shall introduce a known 
change into its constitution, and then examining and comparing 
the physiological action of the substance before and after the 
change.” The change considered was the addition of ethyl iodide 
to various alkaloids and comparison of the iodides (and the corre- 
sponding sulphates) thus obtained with the hydrochlorides of the 
original alkaloids. Striking regularities were observed, amongst 
others ‘‘ that when a nitrile [tertiary] base possesses a strychnia- 
like action, the salts of the corresponding ammonium [quaternary] 
bases have an action identical with curare.” 

Crum Brown’s name was now well-known, and in his applica- 
tion for the Edinburgh Chair in 1869 he received the support of 
nearly all the prominent chemists of this country. Amongst the 
names of Continental chemists who bore testimony to his ability 
may be noted those of Baeyer, Beilstein, Bunsen, Butlerow, Cahours, 
Erlenmeyer, Hofmann, Kolbe, Volhard, and Wohler. 
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For some time after his University appointment he published 
little, but in 1873 he began a series of investigations of the organic 
sulphur compounds (Crum Brown and Letts, T'rans. Roy. Soc. 
Edin., 28, 571), particularly derivatives of trimethylsulphine, which 
occupied him for several years, after which there was an inter- 
mission in his scientific output. In 1890 he entered a new period of 
chemical activity. A theoretical paper (Proc. Roy. Soc. Edin., 
47, 181) on the relation of optical activity to the character of the 
radicals united to the asymmetric carbon atom was published 
simultaneously with Guye’s memoir on the same subject. Crum 
Brown’s treatment is more general than Guye’s, postulating a 
function, x, for each radical, and giving examples of the methods 
to be employed for its determination. ‘‘ Of course we cannot as 
yet even approximate to a formula for the amount of rotation in 
terms of the four x’s and temperature, but as the rotation becomes 
zero When any two «’s become equal we may presume that it contains 
the product of the differences of the «’s. The first thing to be 
done with this speculation is to find whether « is really a function 
of the composition and constitution of the radical and of the tem- 
perature of the substance, or varies with the character of the other 
three radicals.” Here once more we have the characteristic 
breadth of view and clearness of statement. About the same 
time began the series of researches on the synthesis of dibasic 
acids by the electrolysis of ester-salts (Crum Brown and Walker, 
Trans. Roy. Soc. Edin., 36, 211; 37, 361). In 1892 he published, 
in conjunction with John Gibson (T., 64, 367), the well-known 
rule for determining the position in the benzene nucleus taken up 
by an entering radical with respect to one already present. 

The then new physico-chemical theories of osmotic pressure and of 
electrolytic dissociation roused his interest, and whilst he retained 
an open mind on the subject, he gradually became convinced of 
their essential validity. He did much to place them clearly before 
his students, and published experiments illustrating the utility 
of both theories (Proc. Roy. Soc. Edin., 1896, 21, 57; 1899, 22, 439). 

No mention has been made of minor chemical papers dealing 
with practical matters, nor of the numerous and interesting addresses 
which he from time to time delivered. Amongst them a very clear 
account of the processes involved in the rusting of iron may be noted 
(Jour. Iron and Steel Inst., 1888, p. 129). His view of the position 
of Chemistry in the domain of the mathematical-physical sciences 
is stated in his Presidential Address to the Chemical Section of the 
British Association in 1874. ‘‘ One thing we can distinctly see—- 
we are struggling towards a theory of Chemistry. Such a theory 


we do not possess: What we are sometimes pleased to dignify 
5x2 


3428 OBITUARY NOTICES. 


with that name is a collection of generalisations of various degrees 
of imperfection. We cannot attain to a real theory of Chemistry 
until we are able to connect the science by some hypothesis with 
the general theory of Dynamics. . . . Chemistry will then 
become a branch of Applied Mathematics, but it will not cease 
to be an experimental science. Mathematics may enable us retro- 
spectively to justify results obtained by experiment, may point 
out useful lines of research, and even sometimes predict entirely 
novel discoveries, but will not revolutionise our laboratories, 
Mathematical will not replace Chemical Analysis.” Following the 
same strain, in his Presidential Address to this Society in 1892, he 
exhorts the young chemist to study mathematics. “The most 
perfect dynamical explanation of chemical constitution and chemical 
change will not enable us to dispense with the old processes of 
analysis and preparation. The chemist will still be the man 
trained in the chemical laboratory, and all the mechanical parts 
of the work will be done by him. But unless he learns the language 
of the empire [mathematics], he will become a provincial, and the 
higher branches of chemical work, that which require reason as 
well as skill, will gradually pass out of his hands”—surely a 
prophetic utterance. 

Crum Brown had forty years ago very modern views as to crystal 
structure (Art. “Molecule””—Encyclopedia Britannica, 9th edn. 1883). 
“It is perhaps scarcely correct to speak of a molecular structure of 
[crystalline] solids at all. Solids are no doubt composed of atoms, and 
those atoms are evidently arranged in what may be called a tactical 
order. When the solid is fused or dissolved or volatilised, it breaks 
into molecules, each repetition of the pattern being ready to become 
an independent thing under favourable circumstances. It may be 
urged that the cleavage of crystals indicates that they possess a 
molecular structure, but a tactical or pattern-like arrangement 
of atoms may easily be supposed to present planes of easier separa- 
tion without the assumption of really independent molecules.” 
Many years before the work of Laue or Bragg, Crum Brown in 
conversation with the writer mentioned that he had constructed 
a model of the structure of sodium chloride, each chlorine atom 
having six equidistant sodium neighbours, and each sodium atom 
six equidistant chlorine neighbours, the type of structure being 
that now attributed to the crystalline salt. 

Crum Brown never lost his interest in physiology and at various 
times he made valuable contributions to that science. One of 
these was a study of the sense of rotation and the function of the 
semicircular canals of the internal ear (Proc. Roy. Soc. Edin., 1873-4, 
8, 255, 370). His work was contemporaneous with that of Mach 
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and Breuer, but his explanation went beyond theirs, suggesting 
the function of the ampulle and showing how complete perception 
of rotation could be secured by the actual arrangement of the canals 
in the two ears. The relation between the movements of the eyes 
and the movements of the head also engaged his attention, and on 
this subject he published several papers. The analysis of vowel 
sounds too at one time interested him, and he invented a “ talking 
bottle ” which when blown emitted vowel sounds varying with 
the stopping of the holes with which it was provided. The only 
medical case which he ever described was one of dyspeptic optical 
vertigo—his own. He detailed the symptoms with minuteness and 
gusto, made careful observations of his sensations, carried out 
experiments while in bed and during convalescence, and drew 
appropriate conclusions—both physiological and psychological. 

Several published papers show his serious attention to certain 
branches of mathematics, for example, one on interlacing surfaces 
(ibid., 1885, 13, 382), and another (Trans. Roy. Soc. Edin., 1894, 
37, 711) on the partition of a parallelepiped into tetrahedra, the 
corners of which coincide with the corners of the parallelepiped. 
A favourite hobby was the practical construction of tridimen- 
sional models, both crystallographic and mathematical, a glue- 
pot on the hob and a plentiful stock of cardboard being recognised 
features of his retiring-room in the University. In literature 
his reading was extensive, and his knowledge of languages, ancient 
and modern, was altogether exceptional. His keenness for symbols 
came out in his study of alphabets and generally of systems of 
writing. 

A man of Crum Brown’s great and varied gifts could scarcely 
prove other than a stimulating teacher, although to the average 
elementary student his lectures were rather a trial. A former 
pupil of his writes: “ Briskly entering the class-room, he began 
at once in rapid phrasing to describe the properties of a chemical 
substance or the intricacies of a chemical process. Chemical 
formule grew like magic on the blackboard. The casual and 
limp-minded listener found Crum Brown’s quick vivid style much 
too strenuous; but the student who really wished to learn, and 
had ear and eye in well-trained attention, could not fail to experi- 
ence keen intellectual delight from the masterly manner in which 
the whole subject was presented.” His lectures on organic chem- 
istry to advanced students were revelations of the working of 
scientific method. He selected a few topics and dealt with these 
in full detail, never letting the student lose sight of the end to which 
the researches he described were directed, or of the logical thread 
running through them. He delighted in analogies and parables, 
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and exercised the greatest ingenuity in seeking from familiar life 
parallels to the scientific lesson which he wished to inculcate. A 
characteristic example may be found in his Presidential Address 
(T., 1892, 61, 481), where he likens the behaviour of salt molecules 
in solution to the doings of a cattle-holding community. 

Crum Brown’s turn for business was almost as notable as his 
talent for speculative thought. Before a Faculty of Science was 
established in the University he long acted as convener of the 
Science Committee of the Senatus, and directed the course of 
students desirous to receive a scientific training. For many years, 
too, he was a member of the University Court, taking a prominent 
part in the business administration of the University. Outside 
the University, his Church and the Royal Society of Edinburgh 
claimed his chief practical interests. In Synod and Assembly he 
was eagerly listened to for the pith and wisdom of his utterances. 
His service on the Council of the Royal Society of Edinburgh 
extended to forty-four years in all, during twenty-six of which he 
acted as one of the secretaries, and for six as a vice-president. 
The Society awarded him its Keith Prize in 1875. His loyalty 
to the Society, in the 7'’ransactions and Proceedings of which he 
published nearly all his researches, had no doubt much to do 
with the scant recognition of his work, their circulation amongst 
chemists being very limited. He was elected a Fellow of the Royal 
Society in 1879, and had honorary degrees conferred on him by all 
four Scottish Universities. He occupied the Presidential Chair 
of the Chemistry section of the British Association in 1874 and of 
the Chemical Society in 1891-3. 

Crum Brown presented the refreshing and fascinating contrast 
of a simple character combined with a brilliant and subtle intellect. 
He possessed a keen wit, tempered by the most delightful pawky . 
humour. Being besides a born raconteur, he shone in social gather- 
ings, especially at his own hospitable table. He was generous 
and kindly and his great learning was accompanied by a fine 
modesty. Although naturally impatient, and although he had 
counted Clerk Maxwell, Kelvin, and Tait amongst his intimates, he 
was ready always to listen with sympathy and understanding to 
the ideas of those who were vastly his intellectual inferiors. 

A pair of dark, deep-set, sparkling eyes formed the most striking 
feature of his appearance, and were the fit index of his vivacious 
temperament. Although physically not very robust, he spent 
much of his holiday time in tramping in the Highlands and on the 
Continent, and was rarely ill. He married early in his professorial 
life Jane Porter, a daughter of the Rev. James Porter, Drumlie, 
Co. Down, whose death two years after his retirement from 
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University duties overshadowed the last decade of his life. Failing 
bodily health confined him to the house, and for some seven years 
he had most unwillingly to regard himself asan invalid. His mind 
lost little of its activity. He read much, and amused himself 
with original methods of knitting. He enjoyed conversing with 
his old friends, and even when increasing weakness made this 
somewhat of an effort for him, he would still with an inextinguish- 
able twinkle of the eye retail some quaint story or interesting 
reminiscence. He died peacefully on October 28th, 1922, leaving 


to all who knew him an enduring legacy of very pleasant memories, 
J. W. 


CHARLES MANN LUXMOORE. 
Born 1857; Diep Aprit 6TH, 1922. 


CHARLES Mann Luxmoore died on April 6th, 1922, aged sixty- 
five. He was educated at the Commercial School at Bristol, and 
studied science under Mr. Thomas Coomber and Dr. J. M. H. 
Munro. At the latter’s suggestion, he entered, in 1877, for an 
exhibition at the Royal College of Science, Dublin, which he was 
awarded, and studied there under Professors Galloway and Barrett. 

Having decided to take up pharmacy, he passed, in 1884, the 
Major Examination of the Pharmaceutical Society, gaining the 
silver medal in chemistry, botany, and materia medica. 

Luxmoore was for some time engaged in the business of 
pharmacy, but occupied his leisure in the study of the science 
of chemistry and in preparation for a degree in science at the 
University of London. Having gained the pass B.Sc., he pro- 
ceeded to the Honours degree, and worked in the research laboratory 
of the Pharmaceutical Society during the years 1891—1894. He 
gained the Honours (First Class) degree in 1893. 

He devoted himself in research principally to a study of the 
isomerism of the benzaldoximes. In the course of this work he 
had the misfortune to lose one of his eyes owing to the violent 
explosion of a glass tube in which he was preparing hydroxylamine. 

A preliminary paper, published conjointly with Professor 
Wyndham Dunstan (P., 1893, 9, 253) contained some interesting 
observations on «a-benzaldoxime and certain of its derivatives 
and showed that both the oxime itself and its acetyl derivative 
were obtainable in a crystalline form. 

The work was continued by Luxmoore and, in 1895, a full account 
of his investigations was prepared, and this was accepted as a 
thesis for the degree of D.Sc. (Lond.). The paper was subsequently 
published (in part) in the Journal of the Chemical Society (T., 1896, 
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69, 177). One of the most important results of the research was 
the isolation of a nitrogen ether of benzantialdoxime, which rapidly 
underwent transformation into the isomeric nitrogen ether of 
benzsynaldoxime. Luxmoore showed that four distinct series of 
ethers exist, two of which have the oximino- and two the iso- 
oximino-structure, whilst of each pair one is an anti- and the other 
a syn-derivative, and on the basis of this fact he discussed the 
configuration of the oximes. 

Two further papers on the results of work carried out in the 
research laboratory of the Pharmaceutical Society were published 
by Luxmoore. One of these recorded the production of «-ethylene- 
dihydroxylamine dihydrobromide (T., 1895, 67, 1018), whilst in 
the other, on the alleged isomerism of potassium nitrososulphate 
(loc. cit., 1019), it was shown that this salt has always the same 
properties, under whatever conditions it is formed. 

Luxmoore was an earnest and persistent worker in chemistry, 
his particular bent being the detailed investigation of new com- 
pounds and the recording of facts. When later he took up agri- 
cultural chemistry, the same spirit pervaded his work, always 
conducted with great perseverance and a minute attention to 
detail. 

On leaving the Pharmaceutical Society Luxmoore became lecturer 
in chemistry to the Hertford County Council, and subsequently 
worked at the Rothamsted Experimental Station. 

From 1896 to 1906 Luxmoore was lecturer in chemistry and 
agricultural chemistry at University College, Reading. During 
this period the College, by arrangement with the Dorset County 
Council, undertook an examination of the soils of Dorset. Lux- 
moore was in charge of the extensive analytical work involved. 
The results of these analyses, and discussion of their practical 
significance were published in five Annual Reports, of which Lux- 
moore and the Director of the College Agricultural Department 
were joint authors. 

These reports of necessity were confined to matters of interest 
in a soil survey; Luxmoore had, however, carried his investigations 
considerably beyond this stage. He made numerous examinations 
of the physical properties of the soils, in some cases devising experi- 
mental methods for the purpose, and he freely used statistical 
methods in arriving at the conclusions on the voluminous data he 
collected. 

An account of this work was published in 1907 as a monograph, 
under the title “‘ The Soils of Dorset. A Report on their Mechanical 
and Chemical Composition and on their Physical Properties.” 
Two years before, one aspect of these physical studies, ‘ The 
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Hygroscopic Capacity of Soils,” appeared in Vol. I of the Journal 
of Agricultural Science. 

The essential feature of Luxmoore’s work was first, an attempt 
to trace the bearings of the geological types of the soils on their 
physical and chemical properties, and, secondly, to examine the 
relations of these properties to one another. 

Owing to the varied nature of the Dorset strata, the soils repre- 
sented at least seventeen geological groups. Nearly two hundred 
soils and sub-soils were sampled and examined, a number which, 
although adequate for most of the second phase of the inquiry, 
was not sufficient for the first—the characterisation of the geo- 


i in § logical groups by the properties of their component soils. Lux- 
ate J moore therefore confined himself to a number of general relation- 
me § ships, and devoted his main attention to the second half of his 

problem, where the data were more satisfactory; some thirty 
ity, § distinct quantities were determined on each of the hundred soils, 
m- § and most of the sub-soils. These measurements were made up of 
gti- | the customary chemical determinations and the mechanical analysis, 
ays | none of which needs be described here, together with important 
to § physical properties. The porosity was calculated from the true 

and apparent specific gravity after the samples had been brought 
rer § into a state of tilth by successively moistening with lime-water, 
tly freezing, thawing, and drying out. Further, a commendable 

attempt was made to measure the retentive power for water of 
nd § the different soils. The porous blocks saturated with water were 
ing §f allowed to dry slowly. When the moisture content was reduced 
ity # to one-tenth of the saturation value, the blocks were left for a 
1X- § further seven days, and the water still remaining was expressed 
od. J as a percentage of the one-tenth saturation value. This percentage 


was called the “‘ capillary-retentivity ” of the soil. Many determin- 
ations were also made of the hygroscopic capacity of the soils in 
equilibrium with atmospheres of differing humidity. 

By an extensive use of the statistical method of correlation 
coefficients, Luxmoore brought to light many interesting relations 
between the different soil properties. A number of these were 
new at the time, and to others, which were known, a more 
quantitative basis was given. There is not space to discuss all these 
relations, and attention is here confined to the more prominent, 
and to those which show an anticipation of developments in soil 
science since Luxmoore’s time. 

High correlation existed between the quantity of carbonate of 
lime and lime combined with other acids. The explanation 
suggested was that the soil solution would be saturated by the 
bicarbonate, which would react with silicates of potash and other 
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bases, bringing them into solution, and the equivalent amount of 
calcium would then become an integral part of the moderately 
soluble silicates. The relation was examined between the hygro. 
scopic coefficient and various minerals present, soluble in hot con. 
centrated hydrochloric acid; the effect of both iron oxide and 
alumina was pronounced, higher, in fact, than that due to the 
mechanical dimensions of the soil particles. This may be partly 
due to the fact that the correlation coefficient between moisture 
and particle sizes was calculated by taking the proportion of particles 
below a certain arbitrary dimension as a measure of the fineness 
of the soil, an admittedly incomplete specification. The con- 
nexion between hygroscopicity and soluble minerals may also be 
indirect and depend on some common cause such as the physical 
fineness, which would lead to both increased hygroscopicity and 
solubility. As far as the results went, it appeared that the attrac. 
tion of particles for water was not proportional to their surface 
area, but was more nearly represented by the two-thirds power 
of the diameter. Luxmoore suggested that if the finer particles 
were mostly derived from the larger ones by fracture and attrition, 
they would more closely approach a spherical shape, and thus 
present less surface for moisture condensation than if they were 
reduced images of the larger particles. The degree to which 
increasing amounts of organic matter and decreased diameter of 
the soil particles influenced the hygroscopic coefficient was also 
examined, and the conclusion drawn that the effect of the two 
factors was more than additive: besides exerting its own surface 
attraction, the organic matter was more effective than the coarser 
mineral particles in keeping the finer particles apart and free to 
exercise their own hygroscopic capacity. On the other hand, 
examination of the figures for capillary retentivity showed that 
the organic matter had no effect in hindering the evaporation of 
water by capillary action, when this water was in excess of the 
hygroscopic coefficient. It appears that any effect of the organic 
matter in this direction was counterbalanced by the increased 
porosity it communicated to the soil under the experimental con- 
ditions. The low correlation coefficients obtained for the capillary 
retentivity indicated that this property of the soil was not traced 
so closely to its causes as were, for instance, the hygroscopicity 
and the porosity. Luxmoore threw out the suggestion that the 
evaporation of water was dependent on minute structural 
characteristics of the soil mass not adequately expressed by the 
comparatively simple data used in his calculations. 

In assessing the value of these contributions to agricultural 
science, it is necessary to remember the position at the time. The 
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aa of Lawes and Gilbert had closed; there were about twenty-five 
Agricultural Colleges in existence, few of them more than ten years 
old. A good deal of work in agricultural science was being done, 
but there was no common journal for its publication until 1905, 
when the Journal of Agricultural Science was started. Much 
attention was being given to the physical properties of soil in the 
United States, especially at the Bureau of Soils, but there was no 
parallel activity in this country. Had Luxmoore continued his 
work, there is no doubt that the full value of it would have been 
realised. Unfortunately, he took no part in agricultural science 
after 1906, and his one paper in the Journal of Agricultural Science 
on the hygroscopic capacity of soils would appear obscure in parts 
to those who had not his full monograph, the circulation of which 
was naturally restricted. A further—and self-imposed—difficulty 
was that Luxmoore realised, before many of his contemporaries, 
that the unavoidable empiricism of much of the technique applied 
to a complex material like soil was prone to lead to misleading 
conclusions unless the results were critically treated by statistical 
methods. With both subject and treatment unfamiliar, it is not 
surprising that Luxmoore’s contributions suffered the fate of many 
pioneering investigations. 

W. R. Dunstan. 
B. A. Keen, 


EDWARD WILLIAMS MORLEY. 
Born JANUARY 29TH, 1838; Diep FEBRUARY 24TH, 1923. 


Epwarp WiiiiAmMs Mortey, an honorary foreign member of the 
Chemical Society, was born in Newark, New Jersey, January 29th, 
1838, and died at Hartford, Connecticut, February 24th, 1923. 
His father, the Reverend Sardis Brewster Morley, who married 
Anna Clarissa Treat, was a Congregational minister. Both parents 
were of early colonial ancestry, and of purely British origin on 
both sides. It was good stock and productive of good offspring. 
During his childhood, Edward suffered much from ill-health. 
For this reason his early education was undertaken by his father, 
and he was taught at home until the age of nineteen. He learned 
to read before he was three years old, began Latin at six, and 
Greek at eleven. I gather this information, and much that follows, 
from some autobiographical memoranda which now lie before me. 
These memoranda give clear information as to the influences which 
led him to a scientific career, and especially how he happened to 
become a chemist. In his college days the old classical curriculum 
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gave little or no training in experimental science, and not much in 
higher mathematics. 

When Edward was quite a young lad he found among his father’s 
many books one entitled “ Conversations on Chemistry,” which 
fascinated him more than the “ Arabian Nights,” which stood near 
it on the same shelf. When twelve years old he spent all his pocket 
money on chemical experiments, which he carried on until he entered 
college. When he was about fourteen years old he obtained a copy 
of a text-book on chemistry by Benjamin Silliman, then recently 
published, and, says Morley, “ this was so much studied that when 
the subject was taken up in the junior year of my college course 
there was not much left to be learned.” That means, of course, 
from such works as were accessible to him. 

At the age of nineteen Morley entered Williams College at 
Williamstown, Massachusetts, his father’s alma mater. He was 
able to skip the Freshman year, and to enter with advanced stand- 
ing as a sophomore. He graduated in 1860 as A.B., and in 1863 
he received his Master’s degree. 

Under Professor Albert Hopkins, astronomy became a fascinating 
study. It was, perhaps, not so interesting as chemistry, but it 
provided an opportunity for the study of methods of precision 
which was not possible in any other subject at that time and place. 
Morley, therefore, remained at Williams College for further study, 
and in 1860—-61 he mounted a transit instrument, constructed a 
chronograph, and made the first accurate determination of the 
latitude of the college observatory. This determination was the 
subject of his first published paper, which was read before the 
American Association for the Advancement of Science in 1866. 
He also read much in the “ Mécanique Céleste ” of Laplace, and 
in another work on astronomy which was read in college he was 
able to discover and correct certain errors. He pointed these 
errors out to the editor of the volume, at whose request he wrote 
a paper on the subject, which, however, was not intended for 
publication. This early work is a forecast of his later career, and 
shows us his intense devotion to accuracy. 

It has already been said that Morley’s father was a clergyman, 
and so too was his mother’s only brother. Quite naturally, they 
decided that Edward should follow in their footsteps, and so in 
1861 he entered Andover Theological Seminazy, where he com- 
pleted the course in 1864. It was here, probably, that he acquired 
a good working knowledge of Hebrew. 

From 1866 to 1868 Morley was a teacher in a private school, 
and later, in 1868, he was called to preach in a small country parish 
in Ohio. At about the same time, however, he was appointed 
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professor of chemistry in Western Reserve College, then situated at 
Hudson, Ohio, which was afterwards moved to Cleveland and 
renamed Western Reserve University, where he remained until his 
retirement in 1906. This appointment was the turning point in 
his career. In 1873 he also became professor of chemistry in 
Cleveland Medical College, but he resigned this chair in 1888 in 
order to have more time for research. Just before moving to 
Hudson he married Miss Isabella A. Birdsall. 


ee During his residence in Cleveland Morley brought together one 
be 4 of the best private -collections of chemical periodicals to be found 
ion in America. He even included the Russian journals, and Jearned 

enough of the Russian language to make use of them. After his 


retirement from teaching, the University purchased his library, 
and it is now in the new chemical laboratory, for which he drew 
the plans, and is now known as the Morley Chemical Laboratory. 
In 1906 he moved to West Hartford, Connecticut, near the home 


i of his boyhood, where he built a small house with a garage and 
oor also a laboratory in which he made, with his usual thoroughness, 
many difficult analyses of rocks and minerals. Of this work I 


shall have more to say later. Morley could not be idle. Indeed, 
for many years he was in the habit of working as much as fourteen 
hours a day. 

In Western Reserve College Morley was required to teach, not 
only chemistry, but also geology and botany, which left him little 
time for research. Before his advent instruction in the sciences 
had been by lectures and recitations, for in the smaller American 
colleges laboratory practice for students was almost unknown. 
Morley, however, at once fitted up a small room as a laboratory, 
in which his pupils obtained some real insight into the methods 
and significance of chemistry. 

It was in the college at Hudson that Morley’s life-work as a 
chemist really began. In order to eke out his income, for his 
salary as a teacher was small, he did some analytical work apart 
from his regular duties. Nevertheless, he found time during the 
first ten years at Hudson to publish five minor researches, three of 
them relating to the accuracy of measurements with the microscope. 
These researches, except as they show his ambition to make what 
was thought to be precision more precise, need no further consider- 
ation here. 

In 1878 Morley began the series of investigations which revealed 
| him to the world as an experimentalist of the first rank. In 1878 
his attention was directed to reported variations in the proportion 
of oxygen in the atmosphere. That the variations were real was 
not doubted ; but what do they mean? That is the question which 
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Morley sought to answer, at least in part, and his task was one of 
extreme delicacy. The problem involved several collateral in. 
vestigations, such as the construction of the most accurate apparatus, 
and the testing and improvement of analytical methods, and the 
results obtained appeared in ten separate papers, published between 
the years 1879 and 1881, three years of labour. 

On one side, Morley’s main problem was meteorological. Pro. 
fessor Loomis had put forth the hypothesis that so-called ‘“ cold 
waves,” those severe and sudden falls in the temperature of the 
air, were due, not to currents moving from the north southward, 
but to the descent of air from high elevations, and at times of high 
barometric pressure. The upper layers of the atmosphere are 
poorer in the relatively heavy oxygen than the lower layers at the 
surface of the earth. Hence, if the Loomis hypothesis is correct, the 
air collected during a cold wave should show a deficiency of oxygen, 

Morley had already made many analyses of air from different 
parts of the globe, and in 1880, during 110 consecutive days, he 
made analyses of the air at Hudson. Each determination of 
oxygen was made on the day that the sample was taken. To 
quote Morley’s own words: “ The theory that the deficiencies of 
oxygen in the atmosphere are caused by the descent of air from 
an elevation fairly well agrees with the facts.”’ Morley’s cautious 
statement shows the scrupulous honesty of the man. A more 
positive assertion would have been justifiable. 

An attempt to trace the workings of another man’s mind would, 
of course, be rather presumptuous. That task may be left to 
novelists, who can create imaginary characters. It seems highly 
probable, however, that Morley’s research on the composition of 
air had much in it to suggest his next and most famous investigation, 
on the composition of water, that is, on the relative atomic weights 
of oxygen and hydrogen. The transition from one research to the 
other was quite natural. An intermediate step was the determin- 
ation of the amount of moisture retained by gases after drying by 
means of sulphuric acid or over phosphorus pentoxide, and that 
was an essential preliminary to his work on the composition of 
water by volume, a study of the proportions in which two gases 
combine. The two researches overlap. 

Morley’s work on the atomic weight of oxygen, that of hydrogen 
being taken as unity, covered a period of eleven years. Much time 
was spent in the detection of constant errors, in working out the 
details of his methods, in the careful calibration of his instruments, 
and in making “assurance doubly sure” as to the purity of his 
materials. No precaution was overlooked, for the highest possible 
degree of accuracy was his aim. 
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Morley’s determinations of the atomic weight of oxygen were 
made by two distinct methods. First, he effected the direct 
synthesis of water from weighed quantities of its component 
elements, and, secondly, by determining the densities of the two 
gases. The results obtained checked each other within all reason- 
able range of experimental uncertainty, and later determinations 
by other chemists have made only trivial changes in Morley’s 
figures. The outstanding uncertainty is probably not greater than 
] part in 10,000 parts. 

This research of Morley’s on the composition of water was about 
as much physical as chemical; so much so that the physicists are 
inclined to regard him as one of themselves. Indeed, from this 
time on until he retired from teaching, his investigations, carried on 
in co-operation with others, were almost, if not entirely, in the 
field of physics. With H. T. Eddy, and afterwards with D. T. 
Miller, he studied the velocity of light in a magnetic field, and 
also the expansion of certain gases. With W. A. Rogers he measured 
the expansion of metals, and with C. F. Brush he investigated the 
conduction of heat by water vapour, and described a new gauge 
for the measurement of small pressures. In all this work, which 
I need not discuss further, the constant striving was for accuracy. 
His one outstanding investigation in the field of physics was carried 
on in co-operation with A. A. Michelson, and was an attempt to 
determine the relative motion of the earth and the luminiferous 
ether. He also worked with Michelson on the development of the 
interferometer. 

In the later years of his life, in his private laboratory at West 
Hartford, he made about seventy analyses of igneous rocks, that 
were collected by J. P. Iddings in the Malay Archipelago. It is 
scarcely necessary to say that these difficult and complicated 
analyses were made with the highest degree of completeness, and 
that none better are to be found in the whole literature of petrology. 
Nineteen of these analyses, of rocks from Java and Celebes, were 
published in a joint paper by Iddings and Morley in the Journal 
of Geology for April and May, 1915. This was Morley’s last contri- 
bution to chemistry. Morley was not a voluminous writer; his 
published bibliography contains only fifty-five titles. But a single 
great paper may outweigh many small ones. 

Professor Morley was the recipient of many honours, among 
them three medals, namely, the Davy Medal of the Royal Society, 
the Elliot Cresson Medal from the Franklin Institute of Phila- 
delphia, and the Willard Gibbs Medal of the Chicago section of 
the American Chemical Society. He also had honorary degrees 
| from five colleges or universities. He was an honorary member of 
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the Chemical Society and of the Royal Institution. He was also 
a member of several other learned societies. 

Morley was a member of the National Academy of Sciences, and 
he served as President of the American Chemical Society and of the 
American Association for the Advancement of Science. In 1912, 
he was Honorary President of the Eighth International Congress of 
Applied Chemistry. 

Morley was an extremely versatile man and had many interests 
apart from his devotion to science. He was a well-read man in 
general literature, and a good amateur musician. During his 
residence at Hudson he played the organ in the college chapel. 
He kept his interest in music up to the end of his life. One of 
his last acts was to give a fund of 5,000 dollars to the Congregational 
church in Hartford, in memory of his wife. This money was for the 
purchase of an organ and in aid of the musical part of the church 
service. He was a religious man, but by no means bigoted or 
fanatical. 

During the closing years of his life Morley found much pleasure 
in his flower garden and in photography. In summer he enjoyed 
long motor rides with his wife, himself the driver. Much beautiful 
scenery was within easy reach of his home, in the hill country of 
western Connecticut and Massachusetts. 

Morley was thoroughly human and very modest. He had no 
affectations, and was not addicted to blowing his own trumpet. 
He was a charming friend, as the present writer can affirm after 
more than forty years of personal acquaintance. My conferences 
with him were always profitable to me. 

Morley outlived his wife by only a few months, and died, following 
a surgical operation, in the Hartford Hospital, at the age of eighty- 


five years. 
FRANK WIGGLESWORTH CLARKE. 


WILLIAM THOMSON. 
Born 1851; Diep OctTosEr 41TH, 1923. 


Wiu1aM THomson, born in Glasgow in 1851, came to Manchester 
as a young man and entered the laboratory of Dr. Crace Calvert, 
with whom he afterwards entered into partnership. Dr. Calvert, 
besides being a chemical manufacturer, had an extensive and 
varied practice as a consulting and analytical chemist ; Thomson 
thus came into close touch with many of the industries of the 
district, and the early experience he gained with Calvert did much 
to build up the practice which he maintained for fifty years. 
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But Thomson was not only widely known as an analyst; he 
had remarkable ingenuity in devising apparatus, and he delighted 
in experiments outside his professional work. 

As early as 1873 Thomson became a member of the Manchester 
Literary and Philosophical Society and he served for many years 
on its Council, being President in 1917—1918. 

It is characteristic of the man that in the first paper he read 
before the Society he described a method for filling a chamber 
with pure air by filtering it through cotton wool, and showed that 
in such a spore-less atmosphere fungus did not grow on paste- 
covered surfaces. He recommended such a room for surgical 
operations. In later life he gave much attention to the pollution 
of the atmosphere in Manchester, and devised simple means by 
which the amount of smoke in the air could be tested from hour 
to hour. 

After the “arsenic scare’ of 1902, when many people were 
poisoned through the use of arsenical acid in making glucose, 
Thomson devised several pieces of apparatus for carrying out 
Marsh’s test on small quantities of arsenic in presence of organic 
matter. He showed that the electrolytic method could be made 
exceedingly delicate, and, using a cathode of pure zinc or pure tin, 
he obtained results comparable in accuracy with those given by 
the more expensive apparatus recommended by the Committee 
appointed by the Inland Revenue Commissioners. Thomson 
showed that the dust in the Manchester air contained detectable 
quantities of arsenic, and a considerably larger quantity in the 
neighbourhood of glass works and copper smelting works. 

Thomson made many experiments on the rotting of india-rubber, 
and the injurious action of certain metals and salts upon it. Copper, 
as makers of insulated wire had discovered, is poisonous beyond 
all metals, and so are its salts; on the other hand, although nitric 
and sulphuric acids are fatal, many acids, including chromic acid 
(and the chromates), are harmless, and so is hydrogen peroxide—in 
marked contrast to ozone. 

Thomson was a fellow of the Edinburgh Royal Society, of the 
Institute of Chemistry, and of the Chemical Society, and he took 
an active part in the Manchester Section of the Society of Chemical 
Industry and of the Society of Dyers and Colourists. 

He died suddenly in his laboratory on October 4th and was 
buried on October 7th in the Manchester Southern Cemetery. 
He was unmarried. H. B. D. 
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Critical solution temperatures as criteria 

of purity (JoNEs), 1374, 1884. 
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Crystal structure, relation between con- 
stitution and, of organic compounds 
(KNnaGGs), 71. 

Crystals, mixed, equilibria of formation 
of (RiveTT and CLENDINNEN), 1634, 

Cupric salts. See under Copper. 

Cuprimalic acid, C,H,0,Cu. 

isoCyanines, thio-, constitution of (MILLS 
and BRAUNHOLT1Z), 2804. 

Cyanine colouring matters (MILLs and 
BRAUNHOLTZ), 2804. 

Cyanogen :— 


Cyanides, complex, dissociation of 


(BuRRows), 2026. 
Cyclic compounds, calculation of the 
colour of (Morr), 2792. 
of the Ladenburg formula, synthesis 
of (FARMER), 3332. 
Cysteine, C;H,O,NS. 


D. 


Deoxy-yohimbine (BARGER and FIELp), 
1042. 

Dialkyl sulphides, aa’-dichloro- (MANN 
and Pope), 1172. 

Dianthranyl, C,H j.. 

Dianthrone, C..H 43U¢. 

Dihydropentindole, C,,H,,N. 

&-Diketones, ethoxymethylene deriv- 
alives, condensation of amidines with 
(Mirrer and BARDHAN), 2179. 

Dimethinediazidines, stability of (In- 
GOLD and Piecorr), 2745. 

Disaccharides, constitution of (HAWORTH 
and LINNELL), 294; (HAWoRTH and 
MITCHELL), 301; (HaworrH and 
WyLaAm), 3120. 

Dissociation pressure of hydrated salts 
(PARTINGTON and HvUNTINGFORD), 
160. 

Distyryl ketones, benzopyrylium salts of 
(Buck and HEILBRON), 1395. 

2-Dithiobenzoyl, C,H,OS, 

Dolomite, formation of (MITCHELL), 

1887. 
composition of (MITCHELL), 1055. 

Drying, changes of properties of sub- 

stances on (BAKER), 1223. 


E. 


Electrodes, lead, overvoltage of (GLAs- 
STONE), 2926. 
quivhydrone (VEIBEL), 2208. 
use of, in estimation of amino-acids 
(HARRIS), 3294. 
Electrolysis, intermittent 
(GLASSTONE), 1745, 2926. 
Electrolyte, colloidal, from carrageen 
(HARWooD), 2254. 


current 
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Electrolytes, action of silica on (JosEPH 
and Hancock), 2022. 
Electrotropy (Lowry), 828. 
Electrovalency, studies in (Lowry), 
822; (NorkIsH), 3006. 
Element, new, oxide of (Scorr), 311, 
881. 
Erdmann’s salt, structure of (THOMAS), 
617. 
Eserine, C,;H,,0,N3. 
Esters, Rontgen ray investigation of 
(SHEARER), 3152. 
influence of the base on velocity of 
saponification of (CASHMORE, 
McComsatg, and ScakBoRovUGR), 197. 
Ethoxy-derivatives, analysis of (DAVIES 
and RUBENSTEIN), 2848. 
Eugenol, C,,.H,,0. 
Explosions, propagation of, in mixed 
gases (DIxoNn and WALLs), 1025. 
gaseous, pre-pressure interval in 
(MorGAN), 1304. 


F. 

Fenchone, C,)H,,0. 

Ferric and Ferrous salts. See under 
Iron. 

Filter-pump, improved (HICKMAN), 
3414, 


Flame, propagation of, in mixed gases 
(Mason), 210; (PAYMAN), 412; 
(PAYMAN and WHEELER), 1251 ; 
(ExuIs), 1435. 

Formule and symbols (WALKER), 939. 

Fuel, absorption of water by (Moore 
and Srinnatt), 275. 


G. 


Gases, explosion of, pre-pressure interval 
in (MorGan), 1304. 
mixed, rate of detonation in (PAYMAN 
and WALLs), 420. 
effect of pressure on ignition of 
(PAYMAN and WHEELER), 426. 
propagation of explosion in (Drxon 
and WALLS), 1025. 
propagation of flame in (Mason), 
210; (PaAyMAN), 412; (PAYMAN 
and WHEELER), 1251; (ELLIs), 
1435. 
rare (MourEv), 1905. 
Gas analysis apparatus, 
pipette (SAUNDERS), 2826. 
Gas mantles, incandescent, catalysts in 
the making of (MEDsFoRTH), 1467. 
Gas reactions, heterogeneous (HINSHEL- 
woop and TopieEy), 1014; (H1n- 
SHELWOOD and PRICHARD), 2725, 
2730. 
homogeneous (HINSHELWoOoD and 
PRICHARD), 2730. 


absorption 
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Gelatin, isoelectric point of (Pricz) 
410. 
Gentiobiose, Cy2H 920943. 
Glucosides (MacBErH and Mackay), 
717. 
constitution of (IRVINE), 902. 
optical rotation of (MaLrsy), 1404. 
Glucosides. See also Arbutin. 
Glutaconic acids, chemistry of (THorPr 
and Woop), 62; (Guss, INGOLD, and 
THORPE), 327, 3342. 
Glutathione, C,H,,0,N,S. 
Glycogen, constitution of (IRVINE), 912. 
Glycols, diacetylenic (WILSON and 
Hys.op), 2612. 
Gold, catalytic action of (HINSHELWoop 
and ToPLey), 1020. 
sols, protective action of potassium 
oleate on, in aleohol—water mixtures 
(RIDEAL and BrrcuMsHAW), 1565. 
Grignard reaction, application of, to 
acetylenic compounds (WILSON and 
Hystop), 2612. 
— reagents, influence of hydro- 
chloric acid on the enolising action of 
(BHAawat), 1803. 


’ 


Hafnium in zirconium ores (HEVEsy 
and JANTZEN), 3218. 

Halogens, reactivity of, in aromatic 

compounds (RHEINLANDER), 3099. 

action of, on  phenylhydrazones 
(Humpuriss, Bioom, and Evans), 
1766. 

Halogen atoms, lability of, in organic 
compounds (MACBETH), 1122; (HEN- 
DERSON, Hirst, and MacBers#), 1130. 

Heat of activation of heterogeneous gas 
reactions (HINSHELWooD and Top- 
LEY), 1014. 

m-MHemipinanilic acid, C,,H,,0,N. 

Heparene, C19H 4g. 

Heptacyclene, dithio-, Co,H,,S¢. 

Hexatriose, CygH3.04.. 

Hofmann reaction, application of, to 
substituted carbamides (ELLuIorT’), 
804. 

cis-Homocaronic acid, CgH,,0,. 

Hydration of salts, determination of, 
by a radioactive method (TERREY and 
JOLLY), 1979. 

Hydrazine, preparation of (JoYNER), 

14. 


Hydrocalcite (Copisarow), 785. 
Hydrocarbons, benzenoid, fluorescence 
spectra of the vapours of (MAksH), 
3315. 
paraffin, propagation of flame in mix- 
tures of air and (Mason), 210. 
Hydrochloric acid. See under Chlorine. 
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Hydroferricyanides of organic bases 
(CUMMING), 2457. 

Hydroferrocyanides of organic bases 
(CUMMING), 2457. 

Hydrogen, activation of, at low temper- 
ature (MITCHELL and MARSHALL), 
2448. 

co-ordination of (Lowry and Bur- 
GEss), 2111. 
tautomeric, theory of, in relation to 
the theory of induced alternate 
polarities (ALLsop and KENNER), 
2296. 
pure, electrolytic generator for (ELVE- 
DEN and SINKINsoN), 2715. 
action of, on carbon oxides (MEDs- 
FORTH), 1452, 
combustion of mixtures of carbon 
monoxide, air, and (PAYMAN and 
WHEELER), 1251. 
explosion wave in mixtures of carbon 
monoxide and (Dixon and WALLs), 
1025. 
photochemical interaction of chlorine 
and (CHAPMAN), 3062. 
interaction of sulphur and (NorRisu 
and RIDEAL), 696, 1689, 3202. 
peroxide, thermal devomposition of 
(HINSHELWoOD and PRICHARD), 
2726. 
action of activated sugar charcoal 
with (FirTH and Watson), 1750. 
sulphide, action of, on unsaturated 
compounds (CHALLENGER, SMITH, 
and Paton), 1046. 
Hydromuconic acids (FARMER), 2531, 
3324. 
Hydroxy-acids, metallic complexes of 
(WARK), 1815, 1826. 
Hypochlorousacid. See under Chlorine. 
Hypophosphorous acid. See under 
Vhosphorus, 


I. 
Ignition of gases by a spark in a closed 
tube (ELLs), 1435. 
effect of pressure on (PAYMAN and 
WHEELER), 426. 
Imino-aryl ethers (CHAPMAN), 1150. 
Interfacial tension (PoUND), 578. 
Inulin, constitution of (IRVINE), 914. 
Iodine, sorption of, by carbon (Fira), 
323 ; (FIRTH and Watson), 1219. 
reaction between phosphorous acid 
and (MITCHELL), 2241. 

Hydriodic acid, reduction of m-meth- 
oxybenzyl bromide by (SHOESMITs#), 
2828. 

—_> seas (McBAIN and BowpeEn), 

2417. 


Iron, corrosion of (FRIEND), 2996. 
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Iron chlorides, equilibrium of ammonium 
chloride, water, and (RIVETT and 
CLENDINNEN), 1634. 

Ferric chloride, equilibrium in the 

system, ammonium chloride, 
water, and (CLENDINNEN), 1338. 
hydroxide, adsorption of radium-B 
and -C and thorium-B and -C by 
(CRANSTON and Hutton), 1318. 
oxide, equilibrium of phosphoric 
acid, water, and (CARTER and 
HARTSHORNE), 2228. 

Ferrous phosphate, kinetics of the 
reaction between sulphur dioxide 
and (CARTER and ButTLEr), 2370, 
2380. 

Ivory, vegetable, mannan in (PATTER- 

son), 1139. 


K. 


Ketones, absorption spectra of vapours 
and solutions of (PuRVIs), 2515. 
mutual solubility of glycerol and 
(McEwen), 2279. 
unsaturated, reactivity of (HEILBRON 
and WHITWORTH), 238. 

B-Ketonic esters, ethoxymethylene 
derivatives, condensation of amidines 
with (MiTTER and BARDHAN), 2179. 

Kryptocyanine, constitution of (MILLS 
and BRAUNHOLTZ), 2804. 


L. 


B-Lactones, formation of (BAINS and 
THORPE), 2742. 

Lauric acid, O,,H9,0,. 

Lead nitrate, solubility of, in water, 
and in mixtures with sodium and 
potassium nitrates (GLASSTONE and 
SAUNDERS), 2134. 

Lead electrode. See Electrodes. 

Lectures, delivered before the Chemical 
Society (DEscn), 280 ; (IRVINE), 898 ; 
(PERKIN), 1520; (MoureEv), 1905; 
(JEANS), 3398. 

Light, absorption of, by inorganic salts 
(MacBETH and MAXwELL), 370. 

Limestone, formation of (CoPisaRow), 
794. 

Liquids, purity of, from critical solution 

temperatures (JONES), 1374, 1384. 
influence of a third substance on the 
miscibility of two (BanEy), 2579. 
organic, interfacial tension of, aud 
water (PouND), 583. 
Lithium hydrogen sulphate (DuNNI- 
CLIFF), 732. 
hydrosulphide (Jongs and THomMas), 
3285. 
Longifolene, Cy, H9,. 
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Longifolic acid, C,,H,.0,. 
tsoLongifolol, C,,H.,0. 


Longiforic acid, C,;H,0,. 


Magnesium, reaction between p-dibromo- 

benzene and (PINK), 3418. 

carbonate trihydrate. See Nesque- 
honite. 

chloride, equilibria in the system, 
calcium cnloride, potassium chlor- 
ide, water, and (LEE and EcErrTon), 
706, 

Maize cobs, preparation of xylose from 
(Line and Nangi), 620. 

Malonic acids, alkylated, condensation 
of aryldiazonium salts with (WALKER), 
2775. 

Manganese, electrlytic, properties of 

(CAMPBELL), 2323. 

chloride, equilibria of ammonium 
chloride, water, and (Rivetr and 
CLENDINNEN), 1934. 

perchloride, anodic 
(CAMPBELL), 892. 

Manganous chloride dihydrate, equi- 
librium of ammonium chloride and 
(CLENDINNEN and Rivett), 1344. 

Mannan from vegetable ivory, and its 
derivatives (PATTERSON), 1139. 

Marble, synthetic and metamorphic 
(CoPpIsAROW), 785. 

Memorial Lecture, 
(JEANS), 3398. 

Menthol, ©,,H..9. 

Mercaptans, action of sulphur mono- 
chloride on (CHAKRAVARTI), 964, 

Mercury, apparatus for purification of 
(D1xon and McKeEp), 895. 

Mercury organic compounds (MAYNARD 
and Howarp), 960. 

Merotropy (Lowry), 828. 

Metallic hydrides, studies on (SAND, 

WEEKS, and WoRRELL), 456. 
salts, complex (THOMAS and FRASER), 
2973. 
hydrated, dissociation pressures of 
(PARTINGTON and HunNTING- 
FORD), 160. 

Metallurgy, applications of physical 
chemistry to (DEscH), 280. 

Methanetetra-acetic acid, C,H,,0x. 

p-Methoxysulphonic acids, action of 
bromine on (MELDRUM and SHAB), 
1982. 

Methyl] esters, velocity of saponification 
of (Jones, McCombrz, and Scar- 
BOROUGH), 2688. 

Methyl pentoses, optical rotation of 
(MALTBy), 1404. 


formation of 


van der Waals 
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Molecular phases and absorption spectra 
(MorTon and BARNgEs), 2570. 

Molecules, catalytic activation of 
(NorRIsH), 3006. 

Molybdenum sulphates, action of sulphur 
dioxide on (WARDLAW and Sy tyzgs- 
TER), 969. 

Monosaccharides, constitution of (Hirst 
and Purves), 1352. 

Morphine, C,,H,,0,N. 

Morphine group (GULLAND and Rosy. 
son), 980, 998. 

Moss, Irish. See Carrageen. 

Motor, laboratory water (Hickman), 
3415. 

Muconic acids (FARMER), 2531, 3324. 


N. 


Naphthalene derivatives, synthesis of 
(CHALLENOR and INGOLD), 2066. 

Naphthapyrones, amino-, diazo-trans- 
formations of (Dky and DALaAt), 3384, 

Narcotine, C,,H,;NO,. 

Nesquehonite, preparation of, and its 
solubility (MITCHELL), 1897. 

Nickel chloride, equilibrium of ammo- 
nium chloride, water, and (RIVETT 
and CLENDINNEN), 1634. 

— oxide of (HowELL), 669, 1772. 
sulphide, oxidation of (DUNN and 
RIDEAL), 1242. 

Nitration, studies in (ARNALL), 3111. 

Nitrogen atoms, doubly-linked, stereo- 
chemistry of (MILLS and ScHINp- 
LER), 312. 

compounds, photosynthesis of, from 
carbon dioxide and ammonia (BALyY, 
HEILBRON, and STERN), 185. 

trichloride, photochemical decomposi- 
tion of solutions of (BowEN), 1203. 

Nitric acid, solubility of chromium 
trioxidein(MumrorD and GILBERT"), 
471. 

Nitrosyl chloride, preparation of (Pick- 
ARD and HUNTER), 441. 


0. 


Obituary notices :— 
Charles Baskerville, 3421. 
Alexander Crum Brown, 3422. 
Frederick James Lloyd, 946. 
Georg Lunge, 948. 
Charles Mann Luxmoore, 3431. 
Edward Williams Morley, 3435. 
Alexander Smith, 950. 
Jokichi Takamine, 954. 
William Thomson, 3440. 
Leo Alexandrovitsch Tschugaev, 956. 
Frank Edwin Weston, 958. 
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Oils, interfacial tension of, and water 
(Pound), 583. 

Oleic acid, C,gHs,0,. 

m-Opianic acid, Cy) H 905. 

Optical inversion, Walden’s (PHILLIPs), 
44, 

rotation. See Rotation. 
Organic compounds, calorific value of 
(KONOVALOV), 2184. 
relation between crystal structure and 
constitution of (KNaAGGs), 71. 
lability of halogen atomsin (MacBErTR), 
1122; (HenpErson, Hirst, and 
MAcBETH), 1130. 
action of sulphuryl 
(DuRRANS), 1424. 
with long carbon chains, Réntgen ray 
investigation of (SHEARER), 3152; 
(MULLER and SHEARER), 3156. 
Overvoltage, measurement of (SAND and 
WEEKs), 2896. 
influence of intermittent current on 
(GLASSTONE), 1745. 
Oxalato-salts, dissociation of (BURROWS 
and WALKER), 27388. 

Oximes, isomerism of (Brapy and 
McHvue6uH), 1190; (Brapy and 
Dunn), 1783 ; (BRADY and R1pGE), 
2163; (Brapy and Truszkowsk]1), 
2434. 

influence of dilution on the dissocia- 
tion of hydrochlorides of (‘TANSLEY), 
3164. 
Oxygen, diffusion of, through silver 
(SPENCER), 2124. 
catalytic action of, on the reaction 
between hydrogen and _ sulphur 
(NorrisH and RIpEAL), 1689, 3202. 
estimation of small amounts of, colori- 
metrically (HAND), 2573. 
Ozone, photochemical reactivity of (GriF- 
FITH and Suutt), 2752; (GRirrira 
and MAcWILLIE), 2767. 


chloride on 


P. 


Palladium, catalytic action of (HINSHEL- 
woop and Top.LEy), 1020. 

Paraffins, ignition of mixtures of air 
and (Mason), 210; (PAYMAN and 
WHEELER), 426. 

Paraformaldehyde, conversion of, into 
glycollic acid (HAMMICcK and BorreEr), 
2881. 

Pentathionic acid. See under Sulphur. 

Phellandrenes, Cy )H,¢. 

Phenanthraquinone colouring matters 
(A. C. and G. C. Srrcar), 1559. 

Phenols, increased solubility of, in water, 
on addition of a third substance 
(BAILEY), 2579. 
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Phenols, mutual solubility of glycerol 
and (McEWEN), 2284. 
condensation of diphenylformamidine 
with (SHOESMITH and HALDANE), 
2704. 
nitrosation of (HopGson and Moore), 
2499. 
estimation and iodination of, by means 
of salts of arylsulphonhalogeno- 
amides (RoBERtTs), 2707. 
Phenols, 0-thiol-, derivatives of (GIBSON 
and SMILEs), 2388. 
Phenoldiphenein, C.,H ,0,. 
Phenolthioxin derivatives (KRISHNA), 
2782. 
Phenylcarbamides, p-substituted, sul- 
phonation of (Scorr), 3191. 
Phenylhydrazones, action of halogens 
on (HUMPHRIES, BLoom, and Evans), 
1766. 
Phosphatopentamminecobalt, 


and its 


hydrogen phosphate (DuFF), 568, 
571. 


Phosphorus :— 

Phosphoric acid, equilibrium of ferric 
oxide, water, and (CARTER and 
HARTSHORNE), 2223. 

Phosphorous acid, reaction between 
iodine and (MITCHELL), 2241. 

Hypophosphorous acid, studies 
(MITCHELL), 629. 

Phosphorus organic compounds (BoypD 
and CHIGNELL), 813. 

Photocatalysis (BALY, Hk&ILBRoN, and 
STERN), 185. 

Photochemistry of unstable substances 
(BowEn), 1199. 

Photosynthesis of amines (SNow and 
STONE), 1509. 

Phototropy (Hritpron, Hupson, and 
HuIsH), 2273. 

Physostigmine. See Eserine. 

Pigments from bacteria, constitution of 
(McComBIE and ScaArBorovuGB), 8279. 

Pinacol-pinacolin transformation, me- 
chanism of (INGoLD), 1706. 

Pinus longifolia, Indian turpentine from 
(SIMONSEN and Rav), 549; (SImon- 
SEN), 2642. 

Piperazine, C,H j)Ng¢. 

Piperidine, C;H,,N. 

Piperitone, C;)H,,0. 

Platinum, valency of, in mercaptan 
compounds (RAy), 133. 

Polarity, theory of induced alternate, in 
relation to the tautomeric hydrogen 
theory (ALLsor and KENNER), 2296. 

Polycyclic compounds, chemistry of, in 
relation to their homocyclic un- 
saturated isomerides (INGOLD, SEELEY, 
and THorPr), 853; (Grimwoop, IN- 
GOLD, and THORPE), 3303. 


on 
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Polysaccharides, constitution of (IRVINE 
and Hrrsr), 518. 

Polysulphides, organic 
EOMAS), 3271. 

Posidonia, chemistry of the fibre of 

(EARL), 3223. 

Potassium salts, density of dilute solu- 
tions of (HARTLEY and BARRETT), 
398. 

chloride, equilibrium of ammonium 
nitrate and (PERMAN- and 
SAUNDERS), 841. 
equilibria in the system, calcium 
chloride, magnesium chloride, 
water, and (LEE and Ecerron), 
706. 
nitrate, equilibrium of lead nitrate, 
water, and (GLASSTONE and 
SAUNDERS), 2134. 
freezing-point curves for mixtures 
of sodium nitrate and (BRISCOE 
and ManpeIn), 1608; (MapcGIn 
and Briscok), 2914. 
tetroxide, interaction of, with ice and 
with dilute sulphuric acid (HAWLEY 
and SAnp), 2891. 
sulphate, equilibrium of ammonium 
nitrate and (PERMAN and HowELLs), 
2128. 
pentasulphide, action of, on alkyl 
halides (RipING and THoMAs), 3271. 

Potassium organic compounds :— 

arylsulphoniodoamides (RoBERTs), 


(Ripine and 


Potassium, detection and estimation of, 
with sodium 3-chloro-5-nitro-m-tolu- 
enesulphonate (H. and W. Davis), 
2976. 

Promoters in catalysis (MEDsForRTH), 
1452. 

Propane series, keto-cyclol change in 
the (LANFEAR and THORPE), 1683. 
cycloPropane series, tautomerism in 
(Goss, INGcoLD, and TxHorpPE), 327, 

3342. 

Prototropy (Lowry), 828. 

Pseudomerism (Lowry), 828. 

Purine group, mercaptans of (RAy, 
CHAKRAVARTI, and Bosg), 1957. 
Purity, critical solution temperatures as 

criteria of (JonEs), 1374, 1384. 

Pyocyanine, Cy,H ,9,N,. 

Pyrazole series, substitution in the 
(Morcan and ACKERMAN), 1308. 

Pyridine, C;H,N. 

Pyrylium salts, synthesis of (PrRatTT and 
Ropinson), 745. 


Q. 


Quebrachine. See Yohimbine. 
Quinaldinic acid, C,,H,0,N. 
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Quinhydrone electrode. See Electrodes, 

Quinoline, C,H,N. 

Quinones, absorption spectra of the 
vapours of (PURVIS), 1841. 

Quinoxaline derivatives, reduced, jiso- 
merism of (BENNETT and GrBsoy), 


1570. 


Radium-B and -C, 
ferric hydroxide 
Hutton), 1318. 

Raffinose, C,,H5,0j¢. 

Rays, Rontgen, structure of fatty acids 

by means of (MULLER), 2043, 

investigation of organic esters and 
long-chain compounds by (SHEAR- 
ER), 3152 ; (MULLER and SHEAR- 
ER), 3156. 

Reduction-oxidation process (D1xon and 
QUASTEL), 2943. 

Refractive index and rotatory power 
(HunTER), 1671. 

Resorcinoldiphenein, C,,H,,0,. 

Rhodium, catalytic action of (HINSHEL- 
woop and Top.Ley), 1019. 

Rings, four-membered, additive form- 
ation of (INGoLD and Pigcorr), 2745. 

Rocks, estimation ofalkalisin( WALKER), 
2336. 

Rotation, free (SUGDEN), 1862 ; (Lowry), 

1866. 


adsorption of, by 
(CRANSTON and 


optical, and chemical constitution 
(PickarD and HunrTER), 434; 
(Hunter), 1671. 
of sugars (MALTBY), 1404. 
Rotatory power and chemical constitu- 
tion (PICKARD, KENyon,and HunTER), 
1; (Kenyon and McNicoz), 14; 
(PHILLIPS), 22, 44; (HALL), 32, 105. 
Rubidium hydrogen sulphate (Dunni- 
CLIFF), 733. 


Sabinene, Cy H,.. 

Sabinol, C,)H,,0. 

Salts, determination of the degree of 
hydration of (TERREY and JOLLY), 
1979. 

double, equilibria of formation of 
(RivETT and CLENDINNEN), 1634. 
inorganic, absorption of light by (Mac- 
BETH and MAXWELL), 370. 
complex (THoMAS), 617. 
Salvarsan, C,.H,,0,N,Cl,Asg. 
Selenium frioxide, preparation and 
properties of (WorsLEY and BAKER), 
2870. 
Semicarbazones, thio-, reactions of 
(WILson and Burns), 799. 
Semioxamazide, C,H,9,N3. 


power 


SHEL- 
form- 
7 45, 
<ER), 
yRY), 


ution 
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Silicon dioxide (silica), action of, on 
electrolytes (Jos—EpH and Hancock), 
2022. 

Silicon organic compounds (KIpPPiNGc), 
2590, 2598 ; (PINK and KIpPING), 2880. 

Silver, diffusion of oxygen through 
(SPENCER), 2124. 

organosols, properties of (GILEs and 
SaLMon), 1597. 

nitrate, reaction of hypophosphorous 
acid with (MITCHELL), 629. 

hydrogen sulphate (DUNNICLIFF), 733. 

Sintering (SMITH), 2088. 

Soap solutions, constitution of (McBAIN 
and BOWDEN), 2417. 

Soaps, protective action of, on gold sols 
in aleohol—water mixtures (RIDEAL and 
BIRCUMSHAW), 1565. 

Sodium arsenate dodecahydrate, dis- 
sociation pressures of (PARTINGTON 
and HuNTINGForRD), 168. 

chlorate, solubility of (BELL), 2713. 
hypochlorite, action of ammonia on 
(JOYNER), 1114. 
hyposulphite, action of cupric chloride 
on solutions of (FIrTH and Hicson), 
1515. 
nitrate, equilibrium of lead nitrate, 
water, and (GLASSTONE and SAUN- 
DERS), 2134. 
freezing-point curves for mixtures 


of potassium nitrate and (BRISCOE 

and MADGIN), 1608; (MApGIN 

and Briscok), 2914. 
Sodium — compounds :— 


arylsulphcniodoamides (RoBERTs), 
849. 

Solubility, apparatus for determination 
of, at high pressures of carbon di- 
oxide (MITCHELL), 1894. 

of substances in mixtures of alcohol 
and water (WRIGHT), 2493. 

mutual, studies in (McEWEn), 2279, 
2284. 

Solvents, mixed, velocity of reaction in 
(CASHMORE, McComBIk, and Scar- 
BOROUGH), 197; (DExTER, McComBIE, 
and SCARBOROUGH), 1229; (JoNEs, 
McComsig, and ScarBorouGR), 2688. 

Sorption by carbon (FIRTH), 323 ; (FIRTH 
and Watson), 1219. 

Spectra, absorption, and molecular 
phases (Morton and Barnzs), 
2570. 

of vapours and solutions of alde- 
hydes and ketones (Purvis), 2515. 

and structure of organic compounds 
containing sulphur (GrBson, Gra- 
HAM, and RErv), 874. 

of the vapours of quinones (PURVIS), 
1841 

fluorescence (MARsH), 3314. 


SUBJECTS. 3469 


Spectra, Tesla-luminescence (McVIcKER, 
MarsH, and STEWART), 642, 2147; 
(McVickER and Mars), 817. 

Spinacane, Cog H gp. 

Spinacene, C2.H,s. 

Stannic acid. See under Tin. 

Stannous chloride. See under Tin. 

Starch (Line and Nangi), 2666. 
constitution of (IRVINE), 910. 

Stereochemistry, electron theories of 
valency and (SUGDEN), 1861. 

Stibine. See Antimony trihydride. 

Stilbene compounds, chromoisomerism 
of (CULLINANE), 2058. 

Strontium hydrogen sulphate (DuNNI- 
CLIFF), 734. 

Stuffer’s law, extension of (RAy), 2174. 

Succinyleosin, C,,H,0,Br,. 

Succinylfiuorescein, C,,H,,0,. 

Sucrose, C,H .0,;. 

Sugars, optical rotation of (MALTBY), 

1404. 
constitution of the monocarboxylic 
acids derived from (PRYDE), 1808. 

y-Sugars (IRVINE), 915. 

Sulphonamides, alkyl and aryl (CLurT- 
TERBUCK and CoHEN), 2507. 

Sulphonic acids, y-hydroxy-, action of 
bromine on (MELDRUM and SHAH), 
1982. 

Sulphosalicylic acid, C,H,O,S. 

Sulphur, interaction of hydrogen and 

(NorRIsH and RIpEAL), 696, 1689, 
3202. 

monochloride, action of, on mercap- 
tans (CHAKRAVARTI), 964. 

Sulphuryl chloride, thermal decom- 

position of (HINSHELWooD and 
PRICHARD), 2727. 
action of, on organic compounds 
(DuRRANS), 1424. 
Sulphur dioxide, oxidising properties of 
(WARDLAW and SYLVESTER), 969, 
3417. 
kinetics of the reaction between fer- 
rous phosphate and (CakTER and 
ButLeER), 2370, 2380. 

Sulphuric acid, vapour pressure of 
solutions of (THoMAS and RAMSAY), 
3256. 

Sulphates, acid (DUNNICLIFF), 731. 

Thiosulphates, action of cupric salts 
with (BAsserT and DurRANT), 1279. 

Pentathionic acid, formation and sta- 
bility of (BAssErT and Durrant), 
1288. 

Sulphur organic compounds, structure 
and absorption spectra of (GIBSON, 
GRAHAM, and ReEIp), 874. 

Sulphuryl chloride. See under Sulphur. 

Sunlight, tropical, temperature coeffici- 
ents of reactions in (DHAR), 1856. 


3470 INDEX OF 


Symbols and formule (WALKER), 939. 
Systems, symmetrical triad, mobility of 
(INGOLD and Piccort), 1469. 


=. 

Tautomerism and additive reactions 

(UsHERWOOD), 1717. 

Tautomerism, ring-chain (Stncn and 
THORPE), 118; (Barns and 
THORPE), 1206; (LANFEAR and 
THORPE), 1683, 2865; (PANDYA 
and THORPE), 2852. 

three-carbon (Brrou, Kon, Norris, 
and THorRPE), 1361; (BrircH and 
Kon), 2440. 

Temperature coefficients of reactions in 

tropical sunlight (DHAR), 1856. 

Tetrahydrocarbazole derivatives (Ep- 

WARps and PLANT), 2393; (PERKIN 

and RILEY), 2399. 

Tetrahydronaphthalene derivatives, 

formation of, from y-phenyl fatty 

acids (ATrwoop, STEVENSON, and 

THORPE), 17565. 

4:4”-Tetramethyld/aminoanthrafuch- 

sone, C,,H,,0N, 

Thallium compounds (BERRY), 1109. 

Thallic compounds, reduction of, with 
ferrous sulphate and with sodium 
arsenite (BERRY), 1109. 

Thallium organic compounds 

DARD), 1161. 

Thebainol, C,,H,,0,N. 

Thebainone, C,,H,,0,N. 

Thebaizone, C,,H,,0,N. 

Thebenine. C,,H,,0,N. 

Thermostat refrigerator 

8416. 

Thianthrens, synthesis of (KrisHNaA), 

156, 2786. 

Thiosulphates. See under Sulphur. 

Thorium-B and -C, adsorption of, by 

ferric hydroxide (CRANSION and 

Hotton), 1318. 

Thorium chromates (BRITTON), 1429. 

Thujene, C,)H 4. 

Tin alloys with arsenic (MANsURI), 
214. 

with bismuth and zine (MUZzAFFAR), 
2341. 

Stannic acid, adsorption of stannous 
chloride by (CoLLINS and Woop), 
452. 

Stannous chloride, adsorption of, by 
stannic acid (CoLLINS and Woop), 
452. 

Tin, estimation of, in wolfram 

BATII), 1409. 

Titanium dioxide, catalytic action of 

(HinsHELWoop and Toptry), 1021. 


(Gop- 


(HicKMAN), 


(Lu- 


SUBJECTS. 


Triamines, diazotisability of (Morcay 
and Davigs), 228. 

Triazole compounds (Brapy and Day), 
2258. 


Trimethylmannan, preparation of (Par- 
TERSON), 1147. 

Turpentine, Indian, constituents of 
(SIMONSEN and Rav), 549; (Simoy- 
SEN), 2642. 


U. 


Unsaturated compounds, action of 
hydrogen sulphide, thiocyanogen, 
and thiocyanic acid with (Cit. 
LENGER, SMITH, and Paton), 1046, 

homocyclic, chemistry of polycyclic 
compounds in relation to isomeric 
(INcoLp, SEELEY, and Tuorpe), 
853 ; (Grimwoop, INGOLD, and 
THORPE), 3303. 
Uranium, radioactive products of (Guy 
and RussELL), 2618. 


V. 


Valency, electron theory of (Lowry and 
Buregss), 2111. 
and stereochemistry 
1861. 
See also Electrovalency. 

Van der Waals Memorial Lecture 
(JEANS), 3398. 

Vapour pressure curve at high temper- 
atures (INGOLD), 885. 

Velocity of detonation in mixed gases 
(PAYMAN and WALLs), 430. 

Velocity of reaction in mixed solvents 
(CasHMORE, McComBIz, and Scar- 
BOROUGH), 197 ; (DEXTER, McCompBiz, 
and ScAarBporoveGH), 1229; (JonzEs, 
McComsig, and ScarBorouGH), 2688. 

Velocity of saponification of esters, in- 

fluence of the base on (CASHMORR, 
McComsatk, and Scar BoRovUGH), 197, 

of methyl esters (JonEs, McCompiz, 
and ScARBOROUGH), 2688. 

Vinyldiacetonalkamine derivatives 
(Kiprrnc), 3115. 


(SuGDEn), 


w. 


Wagner - Meerwein transformation, 
mechanism of (INGOLD), 1706. 
Walden inversion (PHILLIPS), 44. 
Water, adiabatic cooling of, and tem- 
perature of its maximum density 
(PUSHIN and GREBENSHCHIKOV), 
2717. 
vapour, catalytic action of carbon 
monoxide on (MEDsFoRTH), 1464. 


ion, 


em- 
sity 
OV), 


bon 
4. 


INDEX OF SUBJECTS. 3471 


Wolfram, estimation of tin in (LUBATTI), apoYohimbine, and its hydrochloride 
1409. (BARGER and FIELD), 1040. 


Z. 


Zine alloys with bismuth and tin 
(MuzAFFAR), 2841. 
| with cadmium, vapour pressure of 
¥. | (EGERTON and RALEIGH), 8024. 
| 


X. 
Xylose, C5H 109s: 


apoYohimbie acid, CooH,.0.N¢. | Zirconium ores, hafnium content of 
Yohimbine, C.,H693;Ne- (Hrvesy and JANTZEN), 3218. 


FORMULA INDEX. 


TuE following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindwngen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances, 


C, Group. 

CH, Methane, catalytic preparation of (MEDsFoRTH), 1452; synthesis of the 
polyacetic acids of (DrEIFUSs and INGOLD), 2964. 

CO Carbon monoxide, catalytic action of water vapour on (MEDSFORTH), 1464; 
explosion of mixtures of air and (Bong, NEwirTt, and TowNEND), 2008; 
explosion of mixtures of hydrogen and (Dixon and WAtts), 1025 ; combustion 
of mixtures of hydrogen, air, and (PAYMAN and WHEELER), 1251. 


1 Il 


CHN Hydrocyanic acid, sodium salt, vapour pressure curve for (INGOLD), 
885. 


CH,0, Formic acid and its esters, preparation and rotation of (PICKARD, 
Kenyon, and HUNTER), 9; decomposition of (HINSHELWoop and HarTLey), 
1333 ; thermal decomposition of the vapour of (HINSHELWooD and ToPLey), 
1014. 

CH.N, Cyanamide, condensation of aromatic aminosulphonic acids with (Scorr 
and CoHEN), 3177. 

CH,O Methyl alcohol, estimation of acetone in, ard its purification (BArEs, 
MULLALY, and HArtTLEy), 401. 

CH;N Methylamine, photosynthesis of (BAty, HerLBron, and Stern), 186. 

CNS Thiocyanogen, action of, on unsaturated compounds (CHALLENGER, 
SmirH, and Parton), 1046. 

1 IIl 
CHON Cyanic acid, detection of (WERNER), 2577. 
isoCyanic acid, condensation of aromatic aminosulphonic acids with (Scott 
and CoHEN), 3177. 

CHO,N, Nitroform, electrical conductivity and reduction of derivatives of 
(HENDERSON, Hirst, and Macsern), 1130. 

CHNS Thiocyanic acid, action of, on unsaturated compounds (CHALLENGER, 
SMITH, and Paton), 1046. 

CO.NBr, Bromopicrin, preparation and reactions of (HUNTER), 543. 
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FORMULA INDEX. 2 1I—3 II 


C, Group. 
C,H, Ethylene, reaction of bromine with (NorRIsH), 3006. 


2 Il 
C,H,0, Oxalic acid, aquopentammine cobaltic salt (DuFF), 565; esterification 
of (Dutt), 2714. 
C,H,0. Acetic acid, binary critical solution temperatures as criteria of the 
purity of (Jonxs), 1374. 
C,H,0, Glycollic acid, preparation of, from paraformaldehyde (HAMMICK and 
BoEREE), 2881. 
C,H,S, Ethylene disulphide, oxidation of (RAy), 2176. 
C,H,O Ethyl alcohol, solubility of substances in mixtures of water and 
(WRIGHT), 2493 ; action of, on ammonium sulphates (DUNNICLIFF), 476. 
C,H,S, Dimethyl pentasulphide (Ripinc und Tuomas), 3277, 
C,H,Hg Mercury dimethyl, preparation of (MayNarp and Howarp), 960. 
C,N,S, Substance, from 2:5-dithiol-1:3:4-thiodiazole and sulphur monochloride 
(CHAKRAVARTII), 967. 
2 Ill 
C,H,0,Cl, Dichloroacetic acid, molecular refraction of, and of its derivatives 
(VANDERSTICHELE), 1225 ; isomorphism of the amides and substituted amides 
of chlorobromoacetic acid and (McK1s), 2213. 
C,H,;0.C1l Chloroacetic acid, molecular refraction of, and of its derivatives 
(VANDERSTICHELE), 1225. 
C,H,OLi Lithium ethoxide, action of hydrogen sulphide on (Jones and 
THOMAS), 3285. 
C,H,0,N,; Semioxamazide, derivatives of (WILSON and PicKERING), 394. 
C.H,O,S Methyl sulphate, action of, on diphenylamine and on methyldi- 
phenylamine (Gipson and VINING), 831. 
C,H,O,S, Ethane-a8-disulphonic acid, barium salt (RAy), 2176. 
C,0,N,K, s-Dipotassium tetranitroethane (HuNTER), 547. 
21V 
C.H,0,CIBr Chlorobromoacetic acid, molecular refraction of, and of its 
derivatives (VANDERSTICHELE), 1225; isomorphism of the amides and sub- 
stituted amides of dichloroacetic acid and (McKisg), 2213. 
C,H,0,C1I Chloroiodoacetic acid, and its barium salt (CRompron and 
CARTER), 576. 
C,H,OCI,S aa’-Dichlorodimethyl sulphoxide (Mann and Popr), 1174. 
C.H,O,N,Co Oxalatodinitrodiamminecobaltic aeid, barium and strych- 
nine salts (THomAS), 619. 
C.H,,0;N,Co Oxalatopentamminecobaltic hydroxide, nitrate of (+2H,0) 
(DuFF), 566. 
2V 
C,H,,0.N,SCo Sulphoacetatopentamminecobaltic hydroxide, nitrate 
of (DuFF), 566. 
C,H,,0:.N128,COo, Methionatodipentamminecobaltic nitrate methion- 
ate (DuFF), 566. 


C, Group. 
C,H,O, Malonic acid, conversion of, into d-malic acid (McKENzIE and PLENDER- 
LEITH), 1090. 
C;H,O Acetone, estimation of, in methyl alcohol (Bares, MuLiaty, and 
HArtT.ey), 401. 
C;H,0, Lactic acid, complex copper salis of (WarxK), 1815; rotatory dispersion 
of esters of (Woop, SucH, and ScarF), 600. 
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3 II—4 III FORMULA INDEX, 


C,H,0O, Glycerol, mutual solubility of alcohols, aldehydes, and phenols with 
(McEwen), 2284; mutual solubility of ketones and (McEWEn), 2279. 

C,H,N Trimethylamine, addition of p-nitrobenzyl chloride to (Dexter, 
McCompsrg, and ScarBorouGnH), 1237. 


3 III 
C,H,0,Be Bromopyruvic acid (Warp), 2210. 
C,H,N.Br 2-Bromoglyoxaline, and its salts (Kine and Murcn), 626. 
C,;H,ON Cyanoacetamide (Curtis, Day, and Kimmins), 3131. 
C;H,OC1] Propyl hypochlorites (CHarraway and BAcCKEBERG), 3001. 


3 IV 
C,;H;ONC], Dichloroacetomethylamide (McKis), 2214. 
C;H,O.NS Cysteine, oxidation and reduction potentials of (Dixon and QuastEL), 
2943. 
C,H,O,.N,Co Malonatodinitro-cis-diamminecobaltic acid, barium salt 
(fHOoMAs), 619. 
C,H,,0,N,.Co, Malonatodipentamminecobaltic hydroxide, nitrate of 
(+ H,O) (Durr), 566. 
3 V 
C;H,ONCIBr Chlorobromoacetomethylamide (McKrk), 2214. 


C, Group. 

C,H,O, Acetic anhydride, interaction of bromine with (Orton, Watson, and 
BAYLIss), 3081. 

C,H,O; Malic acid, complex copper salts of (Wark), 1826. 

d-Malic acid, preparation of, from malonic acid (McKENzIE and PLENDER- 
LEITH), 1090. 
r-Malic acid, resolution of (McKENzir, PLENDERLEITH, and WALKER), 2879. 

C,H,0, Racemic acid, optical activation of (McKENzIE, P1ENDERLEITH, and 
WALKER), 2875. 

C,H,S Divinyl sulphide, action of halogen hydrides on (BALES and NIcKEL- 
SON), 2486. 

C,H,S, Diethylidene trisulphide (MAnNNn and Pork), 1177. 

C,H,N,; 4-Amino-3:5-dimethylpyrazole, condensation of, with aromatic 
aluchydes (Mor@aNn and ACKERMAN), 1311. 

C,H,.N, Piperazine, hydroferrocyanide of (CUMMING), 2457. 

C,H,S, Substance, from ethyl mercaptan and sulphur monochloride (CHAaKRA- 
VART!), 966. 

C,H,,S; Diethy1] pentasulphide (Ripine and Tuomas), 3275. 

C,H,.S, Substance, from dithioethylene glycol and sulphur monochloride 
(CHAKRAVARTI), 966. 

4 III 

C,H.N,Pt Hydroplatinocyaniec acid, equilibrium of mixtures of lithium and 
potassium salts of, and their hydrates (TERREY and JoLLy), 2217. 

C,H,0,Cu Cuprimalic acid, salts of (Wark), 1832. 

C,H,0,Cl, r-yyy-Trichloro-8-hydroxybutyric acid, resolution of (Mc- 
KENZIE and PLENDERLEITH), 1092. 


C,H,N.Br 2-Bromo-4-methylglyoxaline, and its picrate (PymMaN and 
TimMIs), 498. 

C,H;N,I 4-Iodo-3-(or 5-)methyipyrazole, and its salts (MoRGAN and ACKER- 
MAN), 1315. 

C,H,0,.Br Ethyl bromoacetate, addition of, to pyridine (DExTER, McCompiz, 


and SCARBOROUGH), 1236. 
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FORMULA INDEX. 41I—4V 


(,H,CIS a-Chloroethyl vinyl sulphide (Bates and Nickerson), 2488. 

(,H,BrS «a-Bromoethyl vinyl sulphide (BAtEs and NickELson), 2488. 

(,H,0.8 1:4-Thioxan sulphoxide (CasHmore), 1741. 

yH.Cl,S 88’-Dichlorodiethyl sulphide, hydrolysis of (BALEs and NIoKEL- 
soN), 2486 ; interaction of, with glycine ester and with potassium phthalimide 
(CASHMORE and McComBIE), 2884. 

(H,Br,S aa’-Dibromodiethyl sulphide (Bats and NickgEtson), 2488. 

(,H,0C1 Butyl hypochlorites (Cuarraway and BackeseErs), 3001. 

(,H,0,N Ethyl glycine, interaction of, with 8A’-dichlorodiethyl sulphide, 
suiphone, and sulphoxide (CAsHMORE and McComsIg), 2884. 

(,H10,;S 88’-Dihydroxydiethy] sulphoxide (CasHMmorg), 1742. 

(,H,.0,8; Diethylsulphonedisulphonic acid, barium salt (RAy), 2176. 

(H,,0T1 Thalliumdiethyl hydroxide, salts of (Gopparp), 1166. 

(H,.NBr, Tetramethylammonium tribromide (CHarraway and Hoy1e), 
656. 

(,H,s0;N; Maleatopentamminecobaltic hydroxide, nitrate of (Durr), 
567. 


41V 

(,H,0,N,Br 5-Bromoglyoxaline-4-carboxylic acid, and its nitrate (Kine 
and MuRCH), 628. 

(,H,0,N,I 4-lodopyrazolecarboxylic acid, and its silver salt (MoRGAN and 
ACKERMAN), 1315. 

(,H,ONC], Dichloroacetoethylamide (McKre), 2215. 

(,H,ON,S 2:4-Diketo-5-methyltetrahydrothiazole-2-hydrazone, hydro- 
chloride of (WILSON and Burns), 801. 

(H,ONC] Butyrylchloroamides (RosErts), 2781. 

(,H,0C],S 88’-Dichlorodiethyl sulphoxide, hydrolysis of (CasHMorg), 
1788; interaction of, with glycine ester and with potassium phthalimide 
(CASHMORE and McComBik), 2884. 

(,H,0,C1],S §8’-Dichlorodiethylsulphone, hydrolysis of (CAsSHMORE), 1738 ; 
interaction of, with glycine ester and with potassium phthalimide (CASHMORE 
and McComBIE), 2884. 

(,H,CIBrS a-Chloro-a’-bromodiethyl sulphide (Ba.zs and NicKEtson), 
2488. 

(C,H, CIS,Pt Substance, from diethyl disulphide and platinic chloride (RAy), 
139. 


CH,,NCII, Tetramethylammonium tetraiodochloride (Cuarraway and 
Hoy1re), 658 

(,H,,NC1.Br Tetramethylammonium dichlorobromide (CHaTraway 
and HoyLz), 655. 

(.H,,NBrI, Tetramethylammonium di-iodobromide (CuaTraway and 
HoyLe), 656. 

C.H,NBril, Tetramethylammonium tetraiodobromide (CHATTAway and 
Hoye), 658. 

(H,,NBrI, Tetramethylammonium hexaiodobromide (CHATraway 
and Hoy.e), 658. 

(.H..0,N,Co Mesotartratopentamminecobaltic hydroxide, nitrate of 
+3H,O) (DuFF), 569. 

C,H,,0,N,.(Co, Maleatodipentamminecobaltic hydroxide, nitrate of 
(DuFF), 567. 

C,H;,0,N,.CO. Malatodipentamminecobaltic hydroxide, nitrate of 
(DuFF), 507. 

4V 


(H,ONCIBr Chlorobromoacetoethylamide (McKie), 2215. 
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4V—5 IV FORMULA INDEX. 


C,H,,.NCIBrI Tetramethylammonium chlorobromoiodide (CHarraway 
and Hoy Le), 655. 


C,; Group. 


C,H, Hydrocarbon, from dibromodimethyleyclopropane, oxidation of (INcoxp), 


a771. 
5 Il 

C;H;N Pyridine, photosynthesis of (Baty, Hetipron, and Srern), 188; 
addition of ethyl bromoacetate to (DExTER, McComBig, and Scarsoroven) 
1236 ; ferrocyanides of, and its separation from zsoquinoline (CUMMING), 2461, 

C;H,,0, Xylose, structure of (Hirst and Purves), 1352; preparation of, from 
maize cobs (Linc and Nanst), 620. 

C;H,,N Piperidine, ph»tosynthesis of (BALY, HEILBRON, and STERN), 188; 
hydroferrocyanide of (CumM1NG), 2457. 

C;H;;N Methyldiethylamine, preparation of, and its chloroplatinate (G. M. 
and R. RosBinson), 539. 


5 Ill 

C,H,OS, 2-Dithiobenzoy], action of primary amines with (MCCLELLAND and 
LONGWELL), 3311. 

C;H,N,Cl 4-Chloro-3:5-dimethylpyrazole (MorGAN and ACKERMAN), 1317, 

C;H,N.Br 4-Bromo-3:5-dimethylpyrazole, and its chloroaurate (MorGan and 
ACKERMAN), 1316. 

C;H,N,I 4-Iodo-3:5-dimethylpyrazole, and its salts (MorGAN and ACKERMAN), 
1313. 


C;H,0,.N, Pentaerythritol nitrate, crystal structure of (Knaces), 77. 

C;H,O,.N, Acetonesemioxamazone, and its sodium salf (WiLson and 
PICKERING), 395. 

C;H,,0Cl ¢ert.-Amyl hypochlorite (CHaTraway and BAcKEBERG), 3002. 


5 IV 

C;H,ON,S, 2:6-Dithiol-8-hydroxypurine, and its sodium salt (RAy, Cnak. 
RAVARTI, and Bosk), 1959. 

C;H,0.N.Br 2-Bromo-4-methylglyoxaline-5-carboxylic acid (Pymay 
and ‘'1mMIs), 498. 

C;H,0.N.I 4-Iodo-3-(or 5-)methylpyrazolecarboxylic acid, and its silver 
salt (MorGAN and ACKERMAN), 1316. 

C;H,O.N;Br Bromonitrodimethylglyoxalines (PymaNn and _ T1mis), 
502. 


C;H,0O,N,S 5-Nitro-1:4-dimethylglyoxaline-2-sulphonic acid (Pymay 
and TIMMISs), 502. 

C;H,N,IC], 4-lodo-3:5-dimethylpyrazole dichloride (MorGan and Acker. 
MAN), 13814. 

C;H,N.IBr, 4-lodo-3:5-dimethylpyrazole dibromide(Morean and AckER- 
MAN), 1314. 

C,H,0,N.S 3:5-Dimethylpyrazole-4-sulphonic acid (+i}H,O) (Morcay 
and ACKERMAN), 1318. 

C,H,NIS 2-Methyltriazole methiodide (SmirH), 2290. 

C;H,N,I.Cl, 4-lodo-3:5-dimethylpyrazole iodochloride hydrochloride 
(MorGan and ACKERMAN), 1314. 

C;H,ON,S 2:4-Diketo-5-ethyltetrahydrothiazole-2-hydrazone, and its 
hydrochloride (WILson and Burns), 802. 

C;Hs,0,NyCO, Citraconatodipentamminecobaltic hydroxide, nitrate 
of (DuFF), 568. 

Itaconatodipentamminecobaltic hydroxide, nitrate of (DuFF), 568. 
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FORMULA INDEX. 5IV—6 III 


C,H~0.N1.Co. Glutaratodipentamminecobaltic hydroxide, nitrate of 
(DuFF), 568. 
5 V 
(,H,O.N,CIS 2:5-Dimethylpyrazole-4-sulphonyl chloride (Morcan and 
ACKERMAN), 1318. 


C,. Group. 


C,H. Benzene, constitution of (FRASER), 2712 ; Tesla-luminescence spectrum of 
(McVickeR, Marsu, and Stewart), 642; (McVicker and Marsa), 817 ; 
fluorescence spectrum of the vapour of (McVicker and Marsu), 820; and its 
homologues, fluorescence spectra of the vapours of (MArsH), 3315 ; distribution 
of fatty acid between water and (BRowN and Bury), 2430. 


6 Il 
C.H.Br, p-Dibromobenzene, reaction between magnesium and (PINK), 3418. 
C,H,Cl, y-Dichlorobenzene, nitration of (PAcE and Heasman), 3247. 
C,H;N; Benzisotriazole, chloroplatinate of (MiLLs and ScHINDLER), 321. 
C,H.O Phenol, velocity of uitration of (ARNALL), 3111. 
C,H.0, 3-Methyl-a*-cyclopropene-1:2-dicarboxylic acid (Goss, INGoLD, 
and THORPE), 348 
C,H,O, ¢rans-3-Methylcyclopropane-l:2-dicarboxylic acid (Goss, INGoLpD, 
and THORPE), 3353. 
C,H,N, Phenylenediamines, solubility of (Sipcwick and NEILL), 2813. 
C,H,.0, Galactose, structure of (PRYDE), 1898. 
Glucose, action of concentrated hydrochloric acid on derivatives of (Hixst and 
Morrison), 3226. 
C.H,.S; Triethylene trisulphide, oxidation of (RAy), 2174. 
Trithioacetaldehydes, isomeric (MANN and Pope), 1178. 
(,H,.S, Triethylene tetrasulphide, oxidation of (RAy), 2174. 
C,H,,S; Dipropyl pentasulphide (Ripine and Tuomas), 3278. 


6 III 

C,H,0,,Al Aluminioxalic acid, sodium salt, dissociation of (BuRRows and 
WALKER), 2741. 

C,H,0,,Cr Chromoxalic acid, dissociation of salts of (BURRows and WALKER), 
2740. 

C.H,0,,.Fe Ferrioxalic acid, dissociation of salts uf (BURRows and WaLKER), 
2741. 

C,H,N.Co Hydrocobalticyanic acid, potassium salt, dissociativn of 
(Burrows), 2029. 

C,H;,NeCr Hydrochromicyanic acid, potassium salt, dissociation of (BuR- 
ROwS), 2029. 

C,H,N,.Fe Hydroferricyanic acid, potassittm salt, dissociation of (Burrows), 
2028. 

C,H,O,N, 6-Nitro-l-hydroxy-1:2:3-benzotriazole (Brapy and Day), 2266, 

C.H,N,Fe Hydroferrocyanic acid, salts, dissociation of (BUKROWs), 20.8; 
salts of, with organic bases (CUMMING), 2457. 

C,H,O.N Nitrobenzene, freezing point of, and its use in cryoscopy (RoBERTS 
and Bury), 2037. 

C.H,0,Br 1-Bromo-3-methy]-A?-cyclopropene-1:2-dicarboxylic acid (Goss, 
IncoLp, and THorpr), 3356. 

C,H;N,Cl, 2:4:6-Trichlorophenylhydrazine, and its hydrochloride (E.Lior), 
812. 


C.H,N,S Benzoisotriazolyl mercaptan (MILs and ScuinpLEr), 321. 


3477 


6 III—7 II FORMULA INDEX, 


C.H,O,Br, ¢rans-1:2-Dibromomethyleyclopropane-1:2-dicarboxylic acid 
(Goss, INcoLp, and THorRPE), 3355. 

C.H.N.Br, 3:4-Dibromophenylhydrazine, preparation of (Humruniss, 
1L00M, and Evans), 1769. 

C,H,0.Cl 3-Acetylpropionylchloromethane, copper salt (MorGAN and 
REEVES), 449. 

C,H,0.Te Tellurium acetylpropionylmethane (MorGaNn and Reeves), 
450. 

C,H,0,Cl, 88’-Dichloroadipic acid (Farmer), 2540. 

C.H,,0.N, Methyl ethyl ketone semioxamazone, and its sodium salt 
(WiLson and PICKERING), 395. 

C.H,,0,S, Triethylenedisulphone disulphide (+H,O) (RAy), 2177. 

C,H,.0,8, Triethylenetrisulphone (RAy), 2177. 

C,H,,0,S 88’-Dimethoxydiethylsulphone (CasHmore), 1743. 

C,H,,0,.S, Triethylenedisulphonedisulphonic acid, barium salt (RAy), 
2176. 


C.H,;S,Pt Substance, from dithioethylene glycol and platinic chloride (RAy), 
138. 


6 1V 
C,H,0.N.Cl, Dichloronitrophenyldichloroamines (Orton and BAY iss), 
2792. 


C,H,0,NCl 3-Chlorobenzoquinone-4-oximes, stereoisomeric (HopGson and 
Moore), 2504. 
8-Chloro-4-nitrosophenol (Hopcson and Moore), 2499. 
C,H,0,NI 4-Iodo-6-nitrophenol (RoBErts), 2710. 
C,H,0.N.Br, aa’-Dibromomuconamides, isomeric (FARMER), 2544. 
C,H,O.N.Br Ethyl 5-bromoglyoxaline-4-carboxy late (KinG and Murcn), 
628. 


C,H,0.Cl.Te Tellurium acetylpropionylmethane dichloride (Morcan 
and Reeves), 450. 

C,H,0.Br.Te Tellurium acetylpropionylmethane dibromide (Morcan 
and REeEvss), 451. 

C,H,0.1.Te Tellurium acetylpropionylmethane di-iodide (Monrcan 
and RKEEVEs), 451. 

C,H,,0,NS 1:4-Sulphonazan-4-acetic acid, and its salts (CasHMoRE and 
McUomBIE), 2888. 

C.H..0,N,Co Citratopentamminecobalt (+2H,0) (Durr), 569. 

C.H,,0,,N,.Co. Malonatopentamminecobaltic malonate nitrate 
(+ 2H,0) (Durr), 570. 

C,H.20,N:.Co, Adipatodipentamminecobaltic hydroxide, nitrate of 
(Durr), 568. 

C.H;.0,,N,,Co, Citratotripentamminecobaltic hydroxide, dihydrogen 
citrate of (DuFF), 571. 

6V 

C,H,0,NCIS 6-Chloro-3-nitrobenzenesulphinic acid (KrisHna), 157. 

C,H,O.NIS Benzenesulphoniodoamide, potassium salt (RoBERTs), $51. 

C,H,O,NBrS 0o-Bromoaniline-p-sul phonie acid (Scorr and Coney), 3185. 


C, Group. 
C,H,O Benzaldehyde, nitration of (BRADY and Harris), 484. 
C,H,O, Benzoic acid, and its salts, neutralisation of (PRIDEAUX), 1626. 
Hydroxy benzaldehydes, solubility of (Stp@wick and ALLorT), 2819. 
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FORMULA INDEX. 7 II—71V 


C,H,0; 8-Resorcylaldehyde, synthesis of (SHorsmirH and HALDANE), 2704, 
Salicylic acid, and its salts, neutralisation of (PRIDEAUX), 1628. 
C,H,O, 3- and 4-Methyl-a-pyrone-6-carboxylic acids (Hiccinsornam and 
LAPWORTH), 1328. 
C,H,0O; y-Oxalyldimethylacrylic acids (HiccinsoTHam and Lapworrn), 
1329 


C.H».0, 3-Methoxy-3-methyleyclopropane-1:2-dicarboxylic acid (Goss, 
INGoLD, and THorPEF), 3358. 

C,H, Methanetriacetic acid, synthesis of (DrEIFvuss and InGoip), 2964. 

CHS; cycloHexylene trithiocarbonate (MiLts and ScurnpiER), 320. 

C,H,,0, A-Methoxyadipic acid (FARMER), 3331. 


7 Ill 

C,H,OS, 2-Dithiobenzoyl, preparation and reactions of (McKippen and 
McCLELLAND), 170. 

C,H;ON Phenylcarbimide, condensation of aromatic aminosulphonic acids 
with (Scorr and Con#En), 3177. 

C,H,OCl Benzoyl chloride, chlorination of (Hopz and Ritry), 2470. 

C,H;0,N o-Nitrobenzaldehyde, monotropy of (Brapy and Harris), 484. 

C.H;0,Br 3-Bromosalicylic acid, preparation of, and its salts (MELDRUM and 
SHAH), 1990. 

C,H,O,N, Nitrohydroxymethyl-1:2:3-benzotriazoles (Brapy and Day), 

* 261. 


6-Nitro-l-methoxy-1:2:3-benzotriazole (Brapy and Day), 2266. 

C,H,O,S Sulphosalicylic acid (+2H,0), constitution of (MeLykum and 
SHau), 1986. 

C,H,O,N Nitrocresols (Gipson), 1272. 

C,H,0O,N, Dinitrotoluenes, preparation of (PAGE and HmasMAn), 3235, 

C,H,,0,N, Methyl isopropyl ketone semioxamazone (Winson and 
PICKERING), 395. 

C;H,,N,S, Substance, from thioacetamide and sulphur monochloride (CHAKRA- 
VARTI), 968. 

a Dimethylaminomethy] isobutyl ether (G. M. and R. Rosrnson), 
36. 


7IV 


C,H,0,C1I 3-Chloro-2-iodobenzoic acid (Curistix, JAmMEs, and KEnnenr), 
9. 


C,H,O,NC1 3-Chloro-5-nitro-2-hydroxybenzaldehyde (Davies and Rupen- 
STEIN), 2850. 

C,H,O;NCl 3-Chloro-5-nitro-2-hydroxybenzoic acid (Davies and Rusen- 
STEIN), 2852. 

C,H,0,NBr 2-Bromo-4-nitrosalicylic acid (Dey and Row), 3380. 

C.H,;ONS 2-Thiobenzimide (McKipBen and McCienuanp), 173. 

C.H;,0,BrS 3-Bromo-5-sulpho-2-hydroxybenzoic acid, and its salts (MEL- 
DRUM and SHAR), 1989. 

C,H,O,NC1 p-Nitrobenzyl chloride, addition of, to trimethylamine (Dexter, 
McComsig, and Scarnorouen), 1237. 

C,H,O,.NI 2-Iodo-3-aminobenzoic acid, hydrochloride of (Curistizr, JAmEs, 
and KENNER), 1949. 

C,H,0;C]1,S, p-Cresoldisulphonyl chloride (Ginson and SMILEs), 2390. 

C,H,ON,S, 2:6-Dithiol-8-hydroxypurine dimethyl ether (RAy, Cuakra- 
VARTI, and Bose), 1960. 

2:6-Dithiol-8-oxy-7:9-dimethylpurine, and its potassium salt (RAy, 

CHAKRAVARTI, and BosE), 1962. 
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7I1V—$8 Il FORMULA INDEX. 


C,H,ON.I Acetyl-4-iodo-3:5-dimethylpyrazole (MorGAN and ACKERMAy), 
1313. 


C,H,ON.Br 1-Acetyl-3:5-dimethylpyrazole (MorGan and ACKERMAN), 1316, 

C,H,O,NSe Cyano-3-selenium acetylpropionylmethane, and its copper 
salt (MorcGan and REEVEs), 449. 

C.H,0,N.Br Ethyl 2-bromo-4-methylglyoxaline-5-carboxylate (Pymay 
and 'rMMIs), 498. 

C,H,0,N,S p-Aminophenylcarbamidesulphonic acid (Scorr and Coney), 
3182. 


p-Nitrotoluene-w-sulphonhydrazide (CLUTTERBUCK and ConEN), 2514. 
C,H,.0,N.S Toluene-w-sulphonhydrazide (CLUTTERBUCK and CoHEN), 2513, 
C,H,,0N,S  2:4-Diketo-5-methyltetrahydrothiazole-2-isopropylidene. 
hydrazone (WILSON and Burns), 801. 

C,H,,0,N,Co Salicylatotetramminecobaltic hydroxide, salts of 
(MorGAw and SmirH), 1100. 

7V 

C;H,O;NCIS 6-Chloro-5-nitro-m-toluenesulphonic acid, sodium salt, asa 
reagent for potassium (H. and W. Davies), 2978. 

C,H,ON,CIS 2-Chloro-6-thiol-8-oxy-7:9-dimethylpurine, and its salts 
(RAy, CHAKRAVARTI, and Bosk), 1960. 

C,H,0,N,CIS 5-Chlorophenylecarbamide-o-sulphonic acid, potassium 
salt (ScotT and ConEN), 3184. 

p-Chlorophenylcarbamide-o-sulphonic acid, and its salts (ScorT), 3198, 
C,H,O,N.BrS »y-Bromophenylcarbamide-o-sulphonic acid, and its salts 

(Scotr), 3199. 

p-Bromophenylearbamide-m-sulphouic acid (Scorr and Cowen), 3184. 

C,H,O,NIS Toluenesulphoniodoamides, potassium and _ sodium salts 
(RopeErts), 851. 

C,H,0,N,CIS p-Chlorophenylguanidine-o-sulphonic acid, and __ its 
potassium salt (Scorr and Coen), 3188. 

C,H,0,N,BrS y-Bromophenylguanidine-o-sulphonic acid, and _ its 
potassium salt (ScorT and CoHEN), 3187. 

C,H,0,N,CIS p-Chlorotoluene-w-sulphonhydrazide (CLUTrERBUCK and 
CoHEN), 2514. 


C; Group. 
C,H,O, Phthalonic anhydride (Kuropa and Perkrn), 2105. 
C,H,O Acetophenone, bromination of (Warp), 2207. 
C,H,O, Hydroxytolualdehydes, solubility of (Sipcwick and ALLoTT), 2819. 
C,H,0, Oxalacetic acid, derivatives of, from tartaric acid (CHaTTAWAY and 
PARKEs), 663. 
C,H,N, 2:5-I mino-l-phenyldihydro-1:2:3-triazole, and its picrate (Dutt), 
zit. 
C,H,N Coniine, photosynthesis of (BALY, HEILBRON, and Stern), 191. 
C,H,,0, Methyl 3-methy1-a?-cyclopropene-1:2-dicarboxylate, sodium salt 
(Goss, INGoLD, and THORPE), 3357.’ 
Methyl muconates, isomeric (FARMER), 2547. 
1:3:3-Trimethyleyclopropan-2-ol-1:2-dicarboxylactone (PANDYA and 
THORPE), 2864. 
C,H,.0, 8-Hydroxybutane-ad-dicarboxylic-y-acetic lactone (FARMER), 
3337. 


3-Methylcyclopropane-1:2-dicarboxylic-3-acetic acid (FARMER), 3337. 
C,H,,.N, Benzenylmethylamidine, and its salts (PYMAN), 3369. 
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FORMULA INDEX. 8 II—8 Ill 


(,H320, cis-Homocaronic acid, and its silver salt (SIMONSEN and Rav), 556. 
cis- and trans-3-Methyl-3-ethylcyclopropane-l:2-dicarboxylie acids 
(SincH and THorPe), 121. 
(4:20:15 3-Ethoxy-3-methyleyclopropane-1:2-dicarboxylic acid (Goss, 
INGOLD, and THorPe), 360. 
a-Keto-B8-methylethylglutaric acid (SincuH and Tuorps), 120. 
trans-Lactonic acid of aa’-dihydroxy-88-methylethylglutarie acid 
(StncGH and THorps), 118. 
Methyl hydregen 3-methoxy-3-methylcyclopropane-1:2-dicarboxylate 
(Goss, INGoLD, and THorPR), 360. 
(,H,:0, Butane-ad-dicarboxylic-B-acetic acid (FARMER), 3330. 
(,H,,40, 38-Trimethylglutaric acid, preparation and bromination of 
(PANDYA and THORPE), 2858. 
(,H,,0, Lactone, from oxidation of tetramethyl y-fructose (HAworTH and 
LINNELL), 299, 
(,H140, aa’-Dihydroxy-88-methylethylglutaric acid, and its silver salt 


(SINGH and THORPE), 120. 
i 


(,H,,0, Xylo-trimethoxyglutaric acid (Hirst and Purves), 1358. 

(,H,40, Octoic acid from cocoanut oil (WALKER), 2836. 

(,H,,N Ay-Butenyldiethylamine, and its salts (G. M. and R. Ropinsoy), 
540. 


(,H,,0 d-8-Octanol, preparation and rotation of the dicarboxylic esters of 
(HALL), 32; prepsration and rotation of the aliphatic ethers of (KENYON and 


McNicor), 14. 
8 III 
(,H,.N.Br, 2:3-Dibromoquinoxaline (UsHERWoop and WHITELEY), 1083, 
(,H,0,.N Phthalimide, potassium salt, interaction of, with 88’-dichlorodiethyl 
sulphide, sulphone, and sulphoxide (CASHMORE and McComBiIg), 2884, 
(,H,0,N, 6-Nitro-l-acetoxy-1:2:3-benzotriazole (Brapy and Day), 2266. 
(,H,0,Cl 3-Chloro-2-methoxybenzaldehyde (Davizs and RUBENSTEIN), 
2351. 
(,H,0,Cl 3-Chloro-2-methoxybenzoic acid (Davies and RUBENSTEIN), 
2851. 
(,H,0,Br 5-Bromo-2-methoxy benzoic acid (MELDRUM and Swan), 1985. 
(,H,NS, Thio-2-methylbenzothiazolone (Minis, Crakk, and AESCHLI- 
MANN), 2367. 
(,H,OBr, 4:6-Dibromo-m-tolyl methyl ether (Hawoxnrn and LAapwortn), 
995. 


(,H,0O,N, 6-Nitrodimethy]-1:2:3-benzotriazole l-oxides (BrApy and 
Day), 2262. . 
Nitromethoxymethyl-1:2:3-benzotriazoles (Brapy and Day), 2262, 
(,H,0,Cl, Methyl aa’-dichloromuconates, isomeric (FARMER), 2544. 
(,H,0,Cl, Methyl aa’s-trichlorohydromuconate (FARMER), 2545. 
(,H,0,S Sulphosalicy lic acid methyl] ether, and its salts (MELDRUM and 
SHAH), 1991. 
(,H,0C1l Chloro-o-xylenols (HINKEt, CoLLINs, and AYLING), 2968. 
ee 5-Bromo-2-methoxytoluene (+14$H,0) (MzL_pRuM and Swan), 
1984, 
+" "alee ata bromide, reduction of, by hydriodic acid (SHOESMITI), 
828, 
Methoxybenzyl bromides, isomeric (SHOESMITH), 2698. 
(,H,O,N m-Methoxybenzamide (Brapy and Dunn), 1802. 
(,H,O,N 2-Nitro-m-toly] methy! ether (Gipson), 1273. 
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8 III—8 IV FORMULA INDEX. 


C,H,O,N, 2:4-Dinitro-d-amino-m-xylene (IBBoTson and KENNER), 1267, 

C,H,O,N 5-Nitro-2:3-dimethoxy benzaldehyde (Davies), 1583. 

C,H,NS 2-Methylbenzothiazoline (Minis, CLARK, and AESCHLIMANN), 
2361. 

C,H,,ON, Acetylphenylenediamines, solubility of (Srpawick and Nem) 
2813. 


C,H,,OS 4-Methoxy-m-tolyl mercaptan (KrisuNa), 2788. 
C,H,,0.N, 5-Nitro-2-m-xylidine (IspBoTson and KENNER), 1268. 
Nitro-s-m-x ylidines (Ipporson and KENNER), 1266. 
CoH 1005S Methoxytoluenesulphinie acids (HAwortH and Larwortn), 
987. 


C,H,,0,8 Methoxytoluenesulphonic acids, salts of (HAworTH and Lap. 
WoRTR), 2987. 
C,H,.0,Br, aa’-Dibromo-88-methylethylglutaric acids (SINGH and 
THORPE), 117. 
ay-Dibromo-a88-trimethylglutaric acids (PANpyA and THorPE), 2861. 
Methyl 88’-dibromoedipate (FARMER), 2542. 
C,H,,0.N, Mesityl oxide semioxamazone, and its sodium salt (WILSON and 
PICKERING), 396. 
cycloPentan-l-one-3-acetic acid semicarbazone (FARMER), 3330. 
C,H,,0.N, Methyl csobuty] ketone semioxamazone (WILSON and BRADLEY), 
396. 


C,H,,.0;N, Xylo-trimethoxyglutaramide (Hirst and Purves), 1359. 

C,H,,0.S aa’-Diethoxydiethyl sulphide (MANN and Pops), 1177. 

C,H,,0,S 88’-Diethoxydiethyl sulphoxide (CasHMmors), 1741. 

CoH S,Pt Substance, from dithioethylene glycol and platinic chloride (Ray), 
139. 


C,H.,NCl, Tetraethylammonium trichloride (CHatraway and Hovis), 
659. 


8 IV 

C,H;0.N.Br 5-Bromo-o-carbamidobenzoic acid hydantoin (Scorr and 
CoHEN), 3187. 

C,H,O.ClI Methyl 3-chloro-2-iodobenzoate (CHRISTIE, JAMES, and 
KENNER), 1949. 

Phenyl chloroiodoacetate (CRomPTON and CaRTER), 577. 

C,H,O,NCl 3-Chloro-5-nitro-2-methoxy benzaldehyde (Davixsand Rusgy- 
STEIN), 2850. 

C,H,O,NCl 3-Chloro-5-nitro-2-methoxybenzoic acid (Davies and Rusey- 
STEIN), 2850. 

C,H,0,N.Br 5-Bromo-o-carbamidobenzoic acid (Scorr and ConHEN), 3187. 

C,H,0,NC1S, 2-Nitro-3-methoxytoluene-4.6-disulphonyl chloride 
(HaworrH and LApworrs), 2992. 

C,H,ONS y-Base from benzothiazole methiodide, silver derivative of (M118, 
CLARK, and AESCHLIMANN), 2357. 

C,;H,O;NCl 3:4-Methylenedioxybenzaldoxime hydrcechlorides (Braby 
and Dunn), 1797. 

C,H,0,NI 4-Iodo-2-nitrophenetole (Brapy and McHven), 2050. 

CsH,0.N.S 8-Hydroxy-7-methyl-1:2:4-benzosulphonediazine (Scort), 


C,H,0,C1,S, 3-Methoxytoluene-4:6-disulphonyl chloride (HaworrH and 
Lapworts), 2992. 
C,H,0,CIS Methoxytoluenesulphonyl chlorides (Haworrn and Lap- 
WORTH), 2988. 
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FORMULA INDEX. 81V—8V 


(,H,,.ON.Br, Acetylphenylhydrazine (Humpuries, Bioom, and Evans), 
1772. 


C;H1.0,.N2S p-Carbamidotoluene-s-sulphonic acid, and its potassium salt 
(Scott), 3194. 

0,H,,0,NS Methoxytoluenesulphonamides (HawortH and LAapwortH), 
2988. 


(,H:,0;N,S p-Guanidinotoluene-m-sulphonic acid (Scorr and CoHEn), 
3189. 


(,H,,0,;N.S, 3-Methoxytoluene-4:6-disulphonamide (Haworrn and Lap- 
wortH), 2992. 

C,H,,0,N,S, 2-Nitro-3-methoxytoluenedisulphonamide (HawortH and 
Lapworth), 2993. 

C,H,,0N;S 2:4-Diketo-5-ethyltetrahydrothiazole-2-isopropylidene- 
hydrazone (WILSON and Burns), 802. 

C,H,,0.C],Te Tellurium O-ethylacetylpropionylmethane trichloride 
(MorGAN and REEvVEs), 451. 

C,H,,0;N.S Glutathione, oxidation and reduction potentials of (Dixon and 
QUASTEL), 2943. 

(,H;,0,NS Ethyl 1:1-sulphonazan-4-acetate (CasHMore and McComsire), 
2888. 


C,H,,0,N.S 88’-Diglycinodiethyl sulphide (Casumore and McComstkr), 
2887. 


C,H..0;N;,Co Phthalatopentamminecobaltic hydroxide, nitrate of 
(+2H,0) (DuFF), 569. 

C,H.NCIBr, Tetraethylammonium dibromochloride (Cuarraway and 
HoyYLe), 660. 

C,H.NCIBr, Tetraethylammonium hexabromochloride (CnuaTraway 
and Hoy.e), 660. 

C,H,,NCI, Tetraethylammonium di-iodochloride (Cwarraway and 
HOYLE), 659. 

C,H,.NCII, Tetraethylammonium tetraiodochloride (Cuatraway and 
Hoy te), 660. 

C,H.NCI.Br Tetraethylammonium dichlorobromide (CHarraway and 
HoyYLe), 659. 

C,H»NC1I Tetraethylammonium tetrachloroiodide (CHarraway and 
Hoy.e), 661. 

C,H.NBr.I Tetraethylammonium dibromoiodide (CHatraway and 
Hoye), 661. 

C,H.C1,S,Pt Substance, from diethyl sulphide and platinic chloride (RAy), 
140. 


C,H.,C1,S.Pt Substance, from diethyl sulphide and platinic chloride (RAy), 
141. 


C,H,,0,N,,Co. Phthalatodipentamminecobaltic hydroxide, nitrate of 
(DurF), 568. 

C,H,,0,,N,,.Co, Malatodipentamminecobaltic malate nitrate (Durr), 
570. 


C,H,,0,,N,.CO. Mesotartratodipentamminecobaltic nitrate meso- 
tartrate (Durr), 566. 


8 V 


C,H,O,N,CIS 3-Chloronitro-7-methy]-1:2:4-benzosulphonediazine 
(Scorr), 3197. 
C,H,ONCIBr Chlorobromoacetanilide (McKrs), 2215. 
C,H;ONCII Chloroiodoacetanilide (Crompron and CarTEr), 577. 
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C,H,0.N.CIS 3-Chloro-7-methyl-1:2:4-benzosulphonediazine, and _ its 
salts (ScoTT), 3196. 


C,H,0;,N,BrS o-Bromophenylbiuret-p-sulphonic acid (Scort and Couey), 
3186. 


C,H,ON,CIS 2-Chloro-6-thiol-8-oxy-7:9-dimethylpurine methyl ether 
(RAy, CHAKRAVARTI, and Bosg), 1961. 


C, Group. 


C,H,N 2- and éso-Quinolines, hydroferrocyanides of (CUMMING), 2463. 

C,H,0, 6-Hydroxy-l-hydrindone (INGotp and Piecort), 1492. 

C,H,0, Hydroxymethoxyaldehydobenzoic acids (PERKIN and Sroyze), 
3175. 


C,H,N; Triazomesityleneindazole (MorcaAN and Davikgs), 232. 

C,H,N, Tristriazomesitylene (MorGan and Davies), 237. 

C,H,,.0, Hydratropic acid, resolution of (RaPER), 2557. 

w-Methoxyacetophenone (PRATT and Rosinson), 748. 

C,H,.0, 3-Methoxy-o-toluic acid (Gisson), 1274. 

C,H,.0, Ethyl 4-methyl-a-pyrone-6-carboxylate (HicGInBorHAM and 
LApwortTsB), 1329. 

cis-cycloPentanespiro-1-hydroxycyclopropane-1:2-dicarboxylic anhydr- 
ide (LANFEAR and THORPE), 1687. 

2:5:5-Trimethyl-Al-cyclopentene-3:4-dione-l-carboxylic acid (Grimwoop, 
INGo.D, and THORPE), 3308, 

C,H,,.0, Anhydride from aay-trimethylaconitic acid (Grimwoop, INGoxp, 
and THORPE), 3309. 

C,Hi.N, Methyl derivative of 2:5-imino-l-phenyldihy dro-1:2:3-triazole 
(Dutt), 271. 

C,H,N, Bistriazomesitylene (MorGAN and Davigs), 234. 

C,H,,N, Bistriazomesidine (Morcan and Daviss), 287. 

C,H,,As As-Meth yldihydroarsindole (Turner and Bury), 2489. 

C,H,.0 d-Benzylmethylcarbinol, preparation and rotation of the n-alkyl 
ethers of (PHILLIPS), 22; preparation of 7-benzylmethylcarbinol acetate from 
(PHILLIPS), 47. 

C,H,,.0, 1-Methoxy-3-methyl-3-ethyleyclopropane-1:2-dicarboxylic an- 
hydride (Stncu and THorps), 120. 

C,H,.0, a-Ketocyclopentane-l:l-diacetic acid, and its silver salt (LANFEAR 
and THORPE), 1688. 

cis-cyclo Pentanespiro-1-hydroxycyclopropane-1:2-dicarboxylic acid, and 
its silver salt (LANFEAR and THORPE), 1686. 

C,H;.0, aay-Trimethylaconitic acid (Grimwoop, INcoLp, and Tuorre); 

3309. 


C,H,,.0, Methanetetra-acetic acid, crystal structure of (KNaGGs), 78. 
C,H,.N, Dimethylaminobenzenylimidine, salts of (PyMAN), 3371. 
Methylaminobenzenylmethylimidine, and its salts (PyMAN), 3372. 
C,H,,0 cycloHexenylacetone, synthesis of (BrrcH, Kon, and Norris), 
1370. 


C,H,,0, cycloileptylideneacetie acid, and its silver salt (BAKER and INGoLD), 
182. 
C,H,,0, Castelamarin, constitution and properties of (BosMAN), 207. 


C,H,,0, Ethyl ethylidenemalonate, reduction of (HiccinsorHam and 
LaprwortTH), 1618. 
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C,H,,0; cis- and  trans-1-Methoxy-3-methy1-3-eth ylcyclopropane-1:2-di- 
carboxylic acids (SIncH and THorRPE), 120. 
Methyl 3-methoxy-3-methylcyclopropane-1:2-dicarboxylate (Goss, 
INGOLD, and THorPr), 360. 
C,Hie0; Methyl 8-methoxyadipate (Farmer), 3330. 


9 III 
C,H,0,N 6-Nitro-1:2-diketohydrindene (INGoLpD and Piccorr), 1488, 
C,H,0,N 4-Nitrocoumarilic acid, and its salts (DEY and Row), 3380. 
C,H,O,.N, 2-Oximino-6-nitro-l-hydrindone (INGoLD and Piccort), 1488. 
C,H,0,N 6-Nitro-l-hydrindone (INcoLp and Piecort), 1486. 
Substance, from nitration of 1-hydrindone (INGOLD and PicGortT), 1493. 
C,H,0,N Acid, from oxidation of 6-nitrohydrindene (INGoLp and Pic6ort), 
1498. 
C,H,0.N, 2-Keto-3-hydroxy-l-methyl-1:2-dihydroquinoxaline (UsnEr- 
woop and WHITELEY), 1082. 
1-Methylbenziminazole-2-carboxylic acid (UsHERWwoop and WHITELEY), 
1086. 
3:4-Oxido-2-hydroxy-l-methyl-1:4-dihydroquinoxaline (UsHERWoopD 
and WHITELEY), 1089. 
C,H,0,N, 6-Nitro-l-hydrindone oxime (INGoLD and PiccorT), 1486. 
3:4-O xido-2-keto-3-hydroxy-1-methy]-1:2:3:4-tetrahydroquinoxaline, 
and its salts (UsHERWOop and WHITELEY), 1082. 
Oxime of substance C.H,0,N (INGoLp and PicgcortrT), 1495. 
CoHeO.N, Nitroacetoxymethy 1-1:2:3-benzotriazoles (Brapy and Day), 
62. 


C,H,ON 4- and 6-Amino-l-hydrindones (INGoLD and PiccotT’, 1486. 
3-Methoxy-o-toluonitrile (GiBson), 1274. 

C,H,O.N, Bistriazouitromesitylene (Morcan and Daviess), 235. 

C,H,O,N y-Nitro-8-phenylpropaldehyde (INcoLp and Piccorr), 1505. 

C,H,0,Cl w-Chloacetovanillone (Pratt and Ropinson), 753. 

C,H,O,Br 5-Bromo-2:3-dimethoxyhenzaldehyde (Davigs), 1586. 

C,H,O,N Nitrotolyl acetates (Gisson), 1272. 

C,H,O,Br 5-Bromo-o-veratric acid (DaviEs), 1587. 

C,H,0O,N 5-Nitro-2-hydroxy-3-ethoxy benzaldehyde (Davigs), 1587. 

C,H,O.N 5-Nitro-2-hydroxy-3-cthoxy benzoic acid, and its sodium salt 
(Davies), 1589. 

C,H,N.Br 3-Bromo-p-dimethylaminobenzonitrile (Brapy and Trvsz- 
KOWSKI), 2439. 

C,H,.ON, Bistriazohydroxymesitylene (Morcan and Davisgs), 235. 

C,H ,O.N, Formylaminoacetanilideor2-Hydroxy-4-keto-3-phenyltetra- 
hydroglyoxaline (USHERWoOD and WHITELEY), 1086. 

6-Nitro-l-hydrindamine (INGoLD and PiccoTT), 1484. 

C,H,.0.N, Triazonitromesitylene (Morcan and Davigs), 281. 

C,H,,0,Cl, 4:4-Dich]loro-2:5:5-trimethyl-A!-cvclopenten-3-one-l-carboxylic 
acid (GriMwooD, INGOLD, and THORPE), 3307. 

C,H,,0;S 4-Hydroxytoluene-3-sulphonacetic acid (Gisson and SMILES), 
2391. 


C,H,,0,N 3-Methoxy-o-toluamide (Grpson), 1274. 
C,H,,0.N, Triazonitroaminomesitylene (MorcANn and Davies), 235. 
C,H,,0,N 2:4-Dimethoxybenzaldoximes (Brapy and Dunn), 1799. 
C,H,,0,N, Nitromesitylenediazonium hydroxide, salts of (MORGAN and 
Davis), 281. 
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C,H,,0,N 4-Oximino-2:5:5-trimeth yl-Al-cyclopenten-3-one-l-carboxylic 
acid (Grimwoop, INcoLp, and THorpk), 3807. 

C,H,,.0.N, Mesitylenebisdiazonium hydroxide, salts of (MorcAn and 
Davtrs), 233. 

C,H,.0,N, Nitroaminomesitylenediazonium hydroxide, chloroaurate 
hydrochloride of (MorcaAN and Davigs), 234. 

C,H,.ClIAs #-Phenylethylmethylchloroarsine (TurNER and Bury), 2491. 

C,H;,0.N, Nitrodiaminomesitylene (Morcan and Daviss), 234. 

C,H,,0.N, AminomesitylenebisiJiazonium hydroxide, chloroaurate of, 
and its hydrochloride (MorGan and Davies), 236. 

C,H,,0.Br, a8-Dibromocycloheptaneacetic acid (BAKER and INGoLp), 132, 

C,H,,0,Br, aa’-Dibromoezelaic acid (CHALLENOR and THORPE), 2483. 

C,H,,0,C1 Ethyl a-chloropropylacetoacetate (Macbrrn), 1126. 

C,H,,0,Br Ethyl abromopropylacetoacetate (MacnEtnH), 1127. 

C,H,,ON 4-Hydroxy-1:2:2:6-tetramethylpiperidine, benzilate and tropate of 
(Kipprne), 3117. 

C,H,,0.N d-y-Nonyl nitrite, rotatory and refractive dispersions and absorption 
spectrum of (PIcKARD and HuNTER), 434. 

C,H.,0N Diethylaminomethyl n-butyl ether (G. M. and R. Rosrysoy), 
536. 

C,H.,0.N Methyldiethyl-n-butoxymethylammonium hydroxide, salts 
of (G. M. and R. Roxrnson), 538. 


9 IV 

C,H,0,NBr, 3:8-Dibromo-6-nitrocoumarin (Dry and Row), 3380. 

C,H,O;NBr 6-Bromo-4-nitrocoumarilic acid, and its salts (Dey and Row), 
3382. 

C,H;O.NBr, 3:8-Dibromo-6-aminocoumarin (Dey and Row), 3381. 

C,H;O,NBr, 2:2-Dibromonitro-l-hydrindones (INGoLp and Piceorr), 1487. 

C,H;O;NBr, 3-a-Dibromo-5-nitrocoumarinice acid, and its silver salt (Dry 
und Kow), 3381. 

C,H,O;NBr a-Bromo-5-nitrocoumarinie acid, and its silver salt (Dey and 
Row), 3379. 

C,H,O.NS Acetyl-2-thiobenzimide (McCLELLAND and LonewE Lt), 3314. 

eee p-Nitro-8-phenylpropionyl chloride (Incotp and Piceor7), 
505. 

C,H,0,NBr 5-Bromo-6-nitro-2:3-dimethoxy benzaldehyde (Davies), 1586. 

C,H,ONC], Dichloroacetobenzylamide (McKim), 2215. 

Dichloroacetomethylanilide (McKrr), 2215. 

C,H,ON,S 2:4-Diketo-5-phenyltetrahydrothiazole-2-hydrazone, hydro- 
chloride of (WILSON and Burns), 803. 

C,H,,ONBr 3-Bromo-p-dimethylaminobenzaldehyde (Brapy and Trusz- 
KOWSK]I), 2438. 

C,H,,.0O.NBr 3-Bromo-p-dimethylaminobenzoic acid (Brapy and Trusz- 
KOWSK!]), 2489. 5; 

C,H,,ON.Br 3-Bromo-p-dimethylaminobenzaldoximes (Brapy and 
TRUSZKOWSKI), 2438. 

C,H,,0;,NS Aceto-p-toluidide-2-sulphinic acid (JoHNson and SmiItes), 
2386. 

C,H,,0;NS Ethyl p-amino-m-sulphobenzoate (Scorr and ConEN), 3181. 

C,H,,.ON,S, 2:6-Dithiol-8-oxy-7:9-dimethylpurine dimethyl ether (RAY, 
CHAKRAVARTI, and Bosg), 1962. 

C,H,,NC1Br Phenyltrimethylammonium bromide dichloride 
(McComsBikz and Reaper), 149. 
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C,H,,NCLI Phenyltrimethylammonium chloride iodotrichloride 
(McComB1£ and Reape), 151. 

C,H,,NBrI, Phenyltrimethylammonium bromide di-iodide (McComBiE 
and READE), 150. 

C,H,,NBr.I Phenyltrimethylammonium bromide iodobromide 
(McComBig and Reape), 149. 

9V 
C,H,ONCIBr Chlorobromoacetobenzylamide (McKie), 2215. 
Chlorobromoacetomethylanilide (McK), 2215. 

C,H,O;NBrS p-Bromophenylurethane-o-sulphonic acid, potassium salt 
(Scott), 3201. 

C,H,,0.NCI,S, aa’-Dichlorodimethylsulphine-p-toluenesul phonyl- 
imine (MANN and Pore), 1174. 

C,H,,NCIBrI Phenyltrimethylammonium bromide  iodochloride 
(McCompiE and Reapr), 149. 


C,, Group. 


C,H, Naphthalene, constitution of (CHALLENOR and INGOLD), 2066. 
CioHig Phellandrenes (Smiru, Hurst, and Reap), 1657. 
Sabinene, oxidation of, with hydrogen peroxide (HzNDERSON and Roperrson), 
1849. 
Thujene, preparation of, from sabinol (HENDERSON and RosBeErtson), 1718. 
C,o9H;, Heparene (CuapMmAy), 778. 
Hydrocarbon, from the action of heat on spinacene (CHAPMAN), 775. 


10 II 
C,.H,O Camphor, and its derivatives, absorption spectra of (Purvis), 2515. 
CioH,O, Acid, from aa’-dibromo-o-phenylenediacetyl chloride and sodium 
hydroxide (CHALLENOR and INGOLD), 2076. 
C,.H,0;, aa’-Dihydroxy-o-phenylenediacetolactone (CH*tLENOR and 
INGOLD), 2075. 
C1oH,,0 Methoxyindene, and its picrate (INGoLD and Piaeorr), 1506. 
CioHip0, Methoxy-l-hydrindones (INGoLD and Pigcorr), 1492. 
CioH oO, 8-Keto-y-phenylbutyric acid (Arrwoop, SrEvENson, and 
THORPE), 1763. 
CoH» 0; 2:4-Dihydroxy-f-benzoylpropionic acid, silver salt (Biccs and 
Pure), 2938. 
5-Methoxyhomophthalic acid (INGoLD and Piacor7), 1507. 
m-Opianic acid, synthesis of (PERKIN and SToYLe), 3171. 
C,oH,.0, aa’-Dihydroxy-o-phenylenediacetic acid, and its silver salt 
(CHALLENOR and INGOLD), 2075. 
CypH 10, cycloPropylcyclopropanetetracarboxylic acid (FArMEn), 3340. 
CyoH,9Cl, Substance, from methylchavicole and sulphuryl chloride (DuRRANs), 
1429. 


C1o9H,.0 n- and iso-Eugenols, ultra-violet absorption spectra of (THoMpson), 
1594. 
C,,H;.0, w:4-Dimethoxyacetophenone (Prarr and Rosinson), 750. 
4:5-Dimethoxy-o-tolualdehyde (Kuropa and PERKIN), 2110. 
5-cycloHe xanespirocyclo-A*-penten-3-0l-1:4-dione (INGoLD, SEELEY, and 
THORPE), 864. 
2-Methoxy-3-ethoxysalicylaldehyde (Daviks), 1590. 
cycloPentanespirodicyclopentan-3-one-l-carbexylic acid (INcoLp, Lan- 
FEAR, and THORPE), 3150. 
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C1oH,,0, cis-cvcloHexanespiro-1-hy droxycyclopropane-1:2-dicarboxylic 
anhy dride (LANFEAR and THORPE), 2869. 
2-Methoxy-3-ethoxy benzoic acid (DAvigs), 1591. 
C,.H.,0 Carvone, absorption spectra of (Purvis), 2518. 
CHO, 1:3-Dihydroxy-5-cyclohexane spirodicyclo-A*-pentene (INcoLp, 
SEELEY, and THORPE), 870. 
Acid, from oxidation of longifolic acid (SIMONSEN), 2658. 
CoH 0; cycloPentanespirocyclopentan-3-one-l-carboxylic acid (INGoLp, 
LANFEAR, and THORPE), 3150. 
CyH.O, Ethyl 3-methy1-A*-cyclopropene-1:2-dicarboxylates (Goss, 
INGoLp, and THORPE), 350. 
Ethyl muconates, isomeric (FARMER), 2547. 
cycloHexylidenesuccinic acid (INGoLp, SEELEY, and THorPE), 866. 
a-l-a-Hydroxy-3-carboxy-a:1:l-trimethy]cyclopropane-2-propiono- 
lactone (SIMONSEN and Rav), 557. 
CoH 40, cycloHexanespiro-1- hydroxycyclo propane-1:2-dicarboxylic 
acids, and their silver silts (LANFEAR and THor?e), 2868, 
a-Ketocyclohexane-1:l-diacetic acid (INGOLD, SEELEY, and TuHorpR), 867; 
(LANFEAR and THORPE), 2869. 
cis- and trans-cyclo Pentanespiro-1-methox Seer eae manebeny 
acids, and their silver salts (LANFEAR and THORPE), 1687. 
CyHO, a-Hydroxy-l- bie cal -B-1-cyclohexanesuccinolactone (INcoLD, 
SEELEY, and THORPE), 866. 
Acetyl derivative of lactonic acid, CgH,,0, (Stncu and TuorPE), 119. 
C,,H,,0, Ethyl acetyloxaloacetate (Goss, INcoLtp, and THorpPe), 355. 
10Hy,N, Dimethylaminobenzenylmethylimidine, salts of (PymMAN), 3372. 
C,9H,;0 Salbinol, conversion of, into thujene (HENDERSON and ROBERTSON), 
1713. 


C,.H,.0 Fenchone, absorption spectra of solutions and vapours of (PURVIS), 
2516. 

Piperitone (Reap and Smirn), 2267; reduction of (HucHEspDoN, SMITH, and 
Reap), 2916. 

CyoHi.O, 88-Di-n-propylmalic acid lactone (Barns and THorpe), 2745. 

C,,H,.0, 1-Ethoxy-3-methyl-3-ethylceyclopropane-1:2-dicarboxylic acid 
(Sinca and THorPe), 119. 

1-a-Hy droxy-3-carboxy-a-l:l-trimethylcyclopropane-2-propionic acids, 
and the silver salt (SIMONSEN and Rav), 557. 

CyH:s0; Glycol anhydrides, isomeric, from oxidation of sabinene (HENDER- 
sON and KoBERTSON), 1853. 

CioH1g0, 3-Dihydroxy-a-methyl-8-isopropyladipic acids, resolution of 
(Henry and Pacer), 1878. 

Tetramethylgalactonolactone (PRYDE), 1808. 

C,.H,,0, Dimethyl xylotrimethoxyglutarate (Hirst and Purvss), 1358. 

CoH 7-Menthol, preparation and rotation of dicarboxylic esters of (HALL), 
105. ‘ 

CioH2O, Decoic acid from cocoanut oil (WALKER), 2837. 

C,oH»O, Tetramethyl y-fructose, oxidation of, with nitric acid (HAwortTH 
and LINNELL), 299; oxidation of, with permanganate, and its reduction 
(HawortH and MITcHELL), 305, 309. 

C,o9H.,N 1-n-Amylpiperidine, and its picrate (G. M. and R. Roprnson), 541. 

l-Menthylamine, hydroferrocyanide of (CUMMING), 2457. 

C,o9H..N, 1:4-Dipropy]piperazine, and its picrates (G. M. and R. Rosinsoy), 

542. 
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CywH.3N 5-Methyl-n-amyldiethylamine, and its salts (G. M. and R. 
Ropinson), 541. 
10 Ill 


C,H;ON 6-Cyanocoumarin (Dry and DALAL), 3387. 

CioH,0,Cl Coumarin-6-carboxyl chloride (Dry and Datat), 3388. 

Ci.oH,O.N Quinaldinic acid, preparation of (HAmMMIcK), 2882. 

CyHeNCl, w-Trichloroquinaldine (HAmMick), 2883. 

C.H.NBr, -Tribromoquinaldine (Hammick), 2883. 

CoHsN»Brs Dibromo-o-pheuy lenediacetonitrile (CHALLENOR and INGOLD), 
078. 


C,H,O.N Nitronaphthalenes, reduction of (CummING and STEEL), 2464. 

C.oH,O,N Coumarin-6-carboxylamide (Dry and DaLAaL), 3389. 

C ,H,0.Cl, yvy-Dichlorobenzoylacetone (MacbeETn), 1129. 

C,H,O.N, a-Cyano-8-2-hydroxyphenylacrylamide (Curtis, Day, and 
KIMMINS), 3139. 

CioH,O.N, 3:5-Dicyano-2:6-dihydroxy-4-isopropyl pyridine (Curtis, Day, 
and KimmMins), 3135. 

CyH,O.Cl y-Chlorobenzoylacetone (MacBeETn), 1128, 

C,.H,O;N; Methyl 5-hydroxy-1l-phenyl-1:2:3-triazole-4-carboxylate, 
tautomerism of (DEXTER, McComsig, and ScarBororeH), 1234. 

CioH,O,N 5-Nitro-2-hydroxystyryl methyl ketone (HEILBRON and 
WHItTWortH), 240. 

CoH .OCl, Substance, from anethole and sulphuryl chloride (Durrans), 
428. 


CioH;}00,N, Hydroxydihydroquinoxalineacetic acid (Perkin and 
Ri.ey), 2405. 

CyoH,.O,N, 6-Nitro-l-hydrindone semicarbazone (INGoLD and PigcortT), 
1487. 


Semicarbazone from substance C,H,0,N (INcoLp and Piacorr), 1495. 
CioH,.0;Br, Dibromo-derivative of 5-cyclohexanespirocyclo-A?-penten-3-ol- 
1:4-dione (INGOLD, SEELEY, and THorRPE), 864. 
C:oH,)0;N, Carbethoxynitrobenzsynaldoximes (Brapy and McHven), 
1196. 


C.oH,,0N, Cinnamaldehydesemicarbazone, phototropy of (HEILBRON, 
Hupson, and Huis), 2273. 

C,.H,,0.N 6-Methoxy-l-hydrindoxime (INGotp and Piecor’), 1492. 

C,.H,,0.N, Acetophenone semioxamazone, potassium salt (WiLson and 
PICKERING), 397. 

C1oH,,0.C1 m-Methoxy-8-phenylpropionyl chloride (Incotp and Pic- 
Gort), 1503. 

C1oH,,0,N Carbethoxybenzantialdoxime (Brapy and McHvuen), 1198. 

C.o0H,,0,Br Bromo-5-cyclohexanespirocyclo-A®-penten-3-ol-1:4-dione (In- 
GOLD, SEELEY, and THORPE), 865. 

5-Bromo-2-methoxy-3-ethoxy benzaldehyde (Davizs), 1593. 
CioH1,0,N 5-Nitro-2-methoxy-3-ethoxy benzaldehyde (Daviess), 1588. 
5-Nitro-3-methoxy-2-ethoxybenzaldehyde (Davizs and RUBENSTEIN), 

2846. 

C1oH,,0;N, Acetyl] derivative of 2:4-dinitro-6-amino-m-xylene (IBBOTSON 
and KENNER), 1267. 

CioH,,0,N Nitromethoxyethoxybenzoic acids (Davies), 1588, 1592; 
(DaviEs and RUBENSTEIN), 2847. 

CioH,,0N, Semicarbazone of 6-amino-l-hydrindone (INcotp and Pic- 
GoTT), 1490, 
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C.oH,;,0,N, Acetyl derivatives of nitro-5-m-xylidines (IBBorson and Ken. 
NER), 1266. 
C,o9H;,0,S 4-Methoxytolyl-3-thiolacetic acid (Gipson and Sm11Es), 2390, 
C.oH,,0,Br, Ethyl aa’-dibromomuconates, isomeric (FARMER), 2542. 
CoH 1,058 4-Methoxytoluene-3-sulphonacetic acid (Gipson and SMIzgs), 
if 


C.1oH,,;0N Methoxy-l-hydrindamines, and their hydrochlorides (INGoLD and 
PicGoTT), 1493. 

C,oH,,0.N Acetylamino-m-tolyl methyl ethers (HawortH and Lap. 
WORTH), 2987. 

C,oH,,;0,Br Bromo-1:3-dihydroxy-5-cyclohexanespirodicyclo-A?-pentenes 
(INGoLD, SEELEY, and THorPEs), 871. 

C,.H,,OBr, a’8- and ax’-Dibromocamphor (BurcEss and Lowry), 1867. 

C,oH,0.N, «a’-Dicyano-f-isopropylglutaramide (Curtis, Day, and Kim- 
MINS), 3134. 

6-Imino-3-cyano-5-carbamy1-4-isopropyl-2-piperidone (Curtis, Day, and 

KIMMINS), 3134. 

C,.H,,0,Br, Ethyl aa’fp’-tetrabromoadipate (FARMER), 2539. 

CyHyIAS Methyldihydroarsindole methiodide (Turner and Bury), 
2492. 


C,,H,,0.N Ethyl a-cyano-88-diethylacrylate (Bircu and Kon), 2448. 

C,.H,,0,N Oxime of cyclopentanespirocyclopentan-3-one-l-carboxylic 
acid (INGoLD, LANFEAR, and THORPE), 3151. 

C,.H,,0,Br Ethyl bromohydroxy-aff-trimethylglutarolactone (Pan. 
pYyA and THORPE), 2861. 

Bromo-lactonic ester of methylethylglutaric acid (Sincn and 

THORPE), 118. 

CioH,,ON, a-Cyano-8-hexylacrylamide (Curtis, Day, and Kimmrys), 3137. 

C,o9H,,0,Br, Ethyl 8’-dibromoadipate (FARMER), 2542. 

CioH,,ON, cycloHexenylacetone semicarbazone, and its isomeride (Bircu, 
Kon, and Norris), 1371. 

C,oH,,0C1 Bornylene chlorohydrin (HENDERSON and Marr), 1157. 

C,oH,;,0,N, Semicarbazones of cis- and trans-1:1-dimethyl]-2-8-k etopro- 
pylcyclopropane-2-carboxylic acids (SIMONSEN and Rav), 558. 

C1oH..0.N, dl-Piperitone-a- and -8-hydroxylamino-oximes (Reap and 
SMITH), 2272. 

CioH,,0N 1-n-Butoxymethylpiperidine (G. M. and R. Rosrnson), 537. 

C,oH2;SioPt Substance, from dithioethylene glycol and platinic chloride (RAy), 
140. 


10 IV : 
C,H,ON,Br, 2:5-Dibromoglyoxaline-4-carboxy-p-bromoanilide (Kine 
and Murcnh), 624. 
C,.H,OCIS, 4-Chloro-l-naphthol 2-disulphide (Grsson and SmILEs), 2892. 
C,.H,ON,Br, 5-Bromoglyoxaline-4-carboxy-p-bromoanilide (Kine and 
Murcs#), 627. 
C,.H,OCIS 4-Chloro-l-naphthol 2-mercaptan (Gipson and SmizEs), 2392. 
C,.H,ON,Br Glyoxaline-4-carboxy-p-bromoanilide (King and Murcn), 
624. 


C,o9H,).O,NCl Carbethoxychlorobenzantialdoximes (Brapy and Mc- 
Hueu), 1193. 


CioH,.0;NBr 5-Bromonitro-2-methoxy-3-ethoxy benzaldehyde (Davies), 
1593. 


C,.H,,ONC], Dichloroacetoethylanilide (McK1E), 2215. 
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CyH,.0,N.S p-Acetylcarbamidotoluene-m-sulphonic acid (+ H,0) 
(Scott), 3195. 

CyoHi30,NS Aceto-p-xylidide-6-sulphinic acid (JoHNson and SmILEs), 
2387. 


CieH1;0,NS 4-Acetylaminophenetole-2-sulphinic acid (Jounson and 
SMILES), 2386, 
CoHsg014N ,.CO, Citraconatodipentamminecobaltic citraconate 
nitrate (Durr), 570. 
Itaconatodipentamminecobaltic itaconate nitrate (Durr), 570. 
C,oH..0,,N,.Co, Glutaratodipentamminecobaltic glutarate nitrate 
(DuFF), 570. 
10 V 


Ci.oH,O.NIS Naphthalene-a- and -8-sulphoniodoamides, potassium and 
sodium salts (RoBERTS), 852. 

C,.H,,ONCIBr Chlorobromacetoethylanilide (McKtr), 2215. 

CywHy0,NCIS 4-Acetylaminophenetole-2-sulphonyl chloride (JoHNson 
and SMILEs), 2386. 

C,9H,,0N,CIS 2-Chloro-6-thiol-8-oxy-7:9-dimethylpurine n-propyl ether 
(KAy, CHAKRAVARTI, and Bose), 1961. 


Cx, Group. 


C,,H,0O, Hydroxynaphthoic acids (Rove and Scuep.LEr), 1641 ; (BUTLER 
and RoyLe), 1649. 
C,,H,0, Acetyl-y-phthalonic acid (Kuropa and Pzrkrn), 2106. 
4:5-Dimethoxyphthalonic anhydride (Kuropa and Perkin), 2099. 
C.:H,N, 4-Amino-8-naphthonitrile (BurLer and Royer), 1652, 
C,,H,0, 1-Ketotetrahydronaphthalene-3-carboxylic acid (Arrwoop, 
STEVENSON, and THORPE), 1764. 
C,,H,,N Dihydropentindole, and its picrate (PERKIN and PLANT), 3244. 
C,,H,.0, Methoxy-2-hydroxystyryl methyl ketones (HEILBRON and 
WHITWoORTB), 244. 
C,,H,,0, 2:3-Dimethoxycinnamic acid (PERKIN and SroyLer), 3174. 
C,,Hj,0; 8:1-Dicarboxy-f-l-cyclohexaneacrylic anhydride (INGoLD, 
SEELEY, and THORPE), 866. 
cycloPentanespirodicyclopentan-3-one-1:2-dicarboxylic acid (INGoxpD, 
LANFEAR, and THORPE), 3149. 
C,,H,,0, 2:3-Diethoxybenzaldehyde (DAvigs and RubENSTEIN), 2847. 
Hydroxy-y-phenylmethylbutyrie acids (Artwoop, SrEVENsoN, and 
THORPE), 1765. 
C,,H;,0, 8-Hydroxy-8-3-methoxy-2-hydroxyphenylethyl methyl ke- 
tone (HEILBRON and WHITWORTH), 242. 
C.:H,.0; trans-cycloH eptanespirocyclopropane-2:3-dicarboxylic acid 
(BaKER and INGoLD), 130. 
a-Hydroxycycloheptane-l:l-diacetic lactone, and its silver salt (BAKER 
and INGoLp), 131. 
C,,H,,0; aa’-Dihydroxycycloheptane-l:l-diacetic lactone, and its silver 
salt (BAKER and INGOLD), 131. 
Ethyl y-oxalyl-aB-dimethylacrylate (HIcGINBOTHAM and LApworrs), 
1331. 
cycloH eptanespirocyclo propan-2-01-2:3-dicarboxylic acid (BAKER and 
INGOLD), 133. 
C,,H:,N Benzyldiethylamine, chloroplatinate of (G. M. and R. Rosrnson), 
540. 
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C,,H,,0 aa-Dimethyl-A'-cyclohexenylacetone (Bircu, Kon, and Norris), 
1373. 


a-Ethyl-Al-cyclohexenylacetone (Bircn, Kon, and Norris), 1372. 
C,,H,,0, 88-Di-n-propylglutaric anhydride (Bains and Txoi.pe), 1210. 
C,,H,,0, cycloHeptane-l:l-diacetic acid, preparation of (BAKER and INGoLp), 

128. 


C,,H,,0, 3:3-Di-n-propylcycl»propan-l-ol-1:2-dicarboxylic acid, and its 
ammonium salt (BAINs and Tuorps), 1212. 
a-Hydroxycycloheptane-1:l-diacetic acid, silver salt (BAKER and INGoLD), 
131. 
a-Keto-68-di-x-propylglutaric acid (Bains and THorpe), 1211. 
C,,H,0, aa’-Dihydroxycycloheptane-l:l-diacetic acid, silver salt (BAKER 
and [NGoup), 132. 
C,,H90, cyclo Pentanespirodicyclo pentan-3-one-1:2-dicarboxylic anhydride 
(INGoLp, LANFEAR, aud THORPE), 3150. 
11 III 
C,,H,0O.S Thionaphthacoumarin (SMILEs and Hart), 2911. 
C,,H,O,N, Dinitroquinol pyridinium nitrolbetaine (Barnett, Cook, and 
Drisco.t), 513. 
C,,H,0.Cl, 3:6-Dichloro-4:7-dimethylcoumarin (Dry and Datat), 3390. 


C,,H,0,S 1-Carboxynaphthalenesulphonic acids, potassium and sodium 
salts (RoYLE and ScHEDLER), 1644. 
Sulpho-8-naphthoie acids, potassium salts (BUTLER and RoyLe), 1652. 
C,,H,O.N 4-Amino-8-naphthoic acid (BurLerR and Roy1z), 1652. 
Catecholpyridinium betaine (Barnett, Cook, and Drisvo.t), 514. 
B-Naphthol-4-carboxylamide (CHALLENor and INGoLp), 2078. 
C,,H,O,C1 Chloro-4:7-dimethylcoumarins (Dry and Datat), 3389. 
C,,H,0,C1l 4-Chloro-2:5-dimethylcoumarilie acid, and its potassium salt 
(Dey and Datat), 3390. 
C,,H,O,N Ethy1-4-nitrocoumarilate (Dry and Row), 3380. 
C,,H,.ON, 4-Keto-2-p-tolyl-1:4-dihydropyrimidine (Mirrer and Barp- 
HAN), 2183. 
C,,H»O.N, a-Cyano-§-4-methoxyphenylacrylamide (Curtis, Day, and 
KIMMINS), 3139. 
C,,H,0,N, Carbethoxy-6-nitro-3:4-methylenedioxybenzantialdoxime 
(Brapy and McHven), 1198. 
C,,Hi» N.S, 2:4:5-Trimethylbenzbisthiazole (Evex), 1013. 
2:4:7-Trimethylbenzisobisthiazole, and its hydrochloride (Epur), 155. 
C,,H,,0,.N Acetylamino-l-hydrindones (INcotp and Piecort), 1490. 
C,,H,,0.N, 3:5-Dicyano-2:6-dihydroxy-4-isobutylpyridine (Curtis, Day, 
and KimMins), 3136. 
C,,H,,0;N m-Acetylaminocinnamic acid (INcoLp and Piecorr), 1501. 
C,,H,,0;N; Ethyl 5-hydroxy-1-pheny]-1:2:3-triazole-4-carboxylate 
(Durr), 272. 
C,,H,,0,Br, 2:2:4-Tribromo-5-cyclohexanespirodicyclopentan-3-one-1-carb- 
oxylic acid (INGoLD, SEELEY, and THORPE), 869. 
C,,H,,0,N Methyl 4-nitrohomophthalate (INGoLp and Piccort), 1499. 
2-Nitro-m-tolyl benzoate (GiBson), 1272. 
C,,H,,0;N Carbethoxy-3:4-methylenedioxybenzsynaldoxime (Brapy 
and McHues), 1195. 
C,,H,,0;Br a-Bromo-8:l-dicarboxy-B-cyclohexaneacrylic anhydro-acid 
(INGOLD, SEELEY, and THorRPE), 870. 
C.,H,,NS 4-Pheny]-2:5-dimethylthiazole, and its salts (SmirH), 2291. 
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C,:H,.0.N, 6-Acetylamino-l-hydrindoxime (INcoLp and Piccorr), 1490. 
C,:H»0O.N, Ethyl] 5-amino-l-pheny!-1:2:3-triazole-4-carboxylate (Dutt), 
269. 


Ethy!] 2:5-imino-l-phenyldihydro-1:2:3-triazole-4-carboxylate (Dvrtt), 
269. 
C.i:H:,0,N, Acetyl-6-nitro-l-hydrindamine (INcotp and Piecort), 1484. 
3:4-Oxido-2-keto-3-hydroxy-1-methy1]-1:2:3:4-tetrahydroquinoxaline 
ethyl ether (UsHERWooD and WHITELEY), 1082. 
Acetyl derivative of formylaminoacetanilide or 2-hydroxy-4-keto- 
3-phenyltetrahydroglyoxaline (UsHERWooD and WuireELzy), 1086. 
C1:H:,0,Br, 2:4-Dibromo-5-cyclohexane spirodicyclo-A?-penten-3-ol-1-carb- 
oxylic acid (INGoLD, SEELEY, and THORPE), 868. 

C,,H,,0N Acetylhydrindamine (INcotp and Piccort), 1484. 

Ci1H,;,0.N,; Methoxycinnamaldehydesemicarbazones, and their phot- 
otropy (HEILBRON, Hupson, and HuIsu), 2276. 

C,:H,,;0,N, 8-Benzylpropionic acid semicarbazone (ATrwoop, STEVENSON, 
and ‘'HORPE), 1762. 

C1H,0.Br Bromo-2;3-diethoxy benzaldehyde (DAviEs and RUBENSTEIN), 

849, 


4-Bromo-5-cyclohexanespirodicyclo-A?-penten-3-ol-l-carboxylic acid (IN- 
GOLD, SEELEY, and THORPE), 868. 
C,,H,,0,N Carbethoxymethoxybenzaldoximes (Brapy and McHven), 
1194, 


C.1H,;0,N 5-Nitro-2:5-diethoxybenzaldehyde (Davies and RUBENSTEIN), 
2848. 

C,:H,,0.N Nitro-2:3-diethoxybenzoic acids (Davies and RUBENSTEIN), 
2849. 


C,,H,,ON, 6-Acetylamino-l-hydrindamine (+2H,0) (INcotp and Pice- 
GoTT), 1490. 

C, H,,0.N, a-Cyanocyclohexane-1:1-diacet-w-imide (Biron and Kon), 2445. 

CuHnO.S 4 Methoxytoluene-3-sulphonacetone (GrBson and Sites), 
390. : 


C,,H,,N.S, Dithioacety1]-2:6-tolylenediamine (Epes), 1013. 

C,,H,;,0,N, 3-Cyano-2:6-diketo-4-isobuty]lpiperidine-5-carboxylamide 
(Curtis, Day, and Kimmins), 3135. 

Semicarbazone of cyclopentanespirodicyclo pentan-3-one-l-carboxylic 

acid (INcotp, LANFEAR, and THORPE), 3150. 

C,,H,.O.N, 6-[mino-3-cyano-5-carbamy1-4-isobuty1-2-piperidone (CurTIs, 
Day, and Kimmins), 3135. 

Outae Methyldihydroarsindole ethiodide (Turner and Bury), 
492. 


C,,H,,0,N, Semicarhazone of cyclopentanespirocyclopentan-3-one-l-carb- 
oxylic acid (INco.p, LANFEAR, and Tuorps), 3151. 

C,,H,,0,Br a-Bromo-a’-hydroxy-8s-di-n-propylglutaronitrile (Barns 
and THORPE), 1211. . 

C,,H,,0,Br, «a’-Dibromo-f£-di-n-propylglutaric acid (Barns and 
THORPE), 1211. 

C,,H,s[AS 8-Phenylethyldimethylarsine methiodide (Turner and 
Bury), 2490. 

C,,H,,0.N 8-Hexylg]utarimide (Curtis, Day, and Kimmrns), 3137. 

C,,H.,ON, isoMenthone semicarbazones (HuGHEsnMoN, SmirH, and READ), 
2920. 


C,,H.,0.N Di(n-butoxymethyl)methylamine (G, M. and R. Rostnson), 
537. 
3493 


11 IV—12 II FORMULA INDEX. 


11 1V 
C,,H,0,C1,S 3:4-Dichlorothionaphthacoumarin (SmILEs and Harz), 
2913. 


C,,H,0,CIS 4-Chloro-l-naphthol-2-thiocarbonate (Gipson and Smrxxs), 
2393, ; 


4-Chlorothionaphthacoumarin (SMILEs and Hart), 2912. 
C,,H,O,NS 2-Cyanonaphthalenesulphonic acids, potassium and sodium 
salts (BUTLER and RoyLk), 1651. 
C,,H,O,NBr, 3:8-Dibromo-6-nitro-4:7-dimethylcoumarin (Dry and 
Row), 3382. 
C,,H,O,NBr 6-Bromo-4-nitro-2:5-dimethylcoumarilic acid, and its sodium 
salt (DEy and Row), 3382. 
Ethyl 6-bromo-4-nitrocoumarilate (DEy and Row), 3382. 
C,,H,0,N,Cl 2:5-Dinitroquinolpyridinium chloride (Barnett, Cook, 
and Drisco.t), 513. 
C,,H,0,N;Br 2:5-Dinitroquinolpyridinium bromide (Barnett, Cook, 
and Drisco.u), 512. 
C,,H,O.NBr, 2-Bromoquinol-3-pyridinium bromide (BARNeErtr, Cook, and 
Drisco.z), 512. 
C,,H,,O.NBr Catecholpyridinium bromide, and its picrate (Barner, 
Cook, and Drisco..), A., i, 514.: 
Quinolpyridinium bromide (+H,0), and its picrate (BARNETT, Cook, 
and DriscotL), 510. 
C,,H,,0.NBr, Quinolpyridinium perbromide (Barnett, Cook, and Dris- 
COLL), 511. 
C,,H,,ON,S Benzylidene derivative of 2:4-diketo-5-methyltetrahydro- 
thiazole-2-h ydrazone (WILSON and Burns), 802. 
C,,H,,0N,S Methoxycinnamaldehyde thiosemicarbazones, and their 
phototropy (HriLsron, Hupson, and Huisn), 2277. 
C,,H,,0.N.Br Acetyl-3-bromo-p-dimethylaminobenzantialdoxime 
(Brapy and Truszkowsk!1), 2438. 
C,,H,,ON,S, 2:6-Dithiol-8-oxy-7:9-dimethylpurinediethyl ether (RAy, 
CHAKRAVARTI, and BosE), 1962. 
C,,H,,0N,Cl Bornylene chlorohydrin semicarbazone (HENDERSON and 
Main), 1158. 


C,, Group. 


C,.H,.0, Ethyl coumarin-6-carboxylate (Dey and Datat), 3388. 

C,.H,.0, 1-Ketotetrahydronaphth alene-3:3-dicarboxylic acid (Arr- 
woop, STEVENSON, and T'norPE), 1768. 

C,,H,.0;. cycloPropylcyclopropanehexacarboxylic acid, and its sodium 
salt (FARMER), 3339. 

C,.H1oS, Substance, from phenyl mercaptan and sulphur monochloride 
(CHAKRAVARTI), 966. 

C,.H,,N Diphenylamine, action of methyl sulphate on (Gipson and VINING), 
831. 


C,.H,.0, Methoxy-2:3-dimethylehromones (HEILvRON, Barnes, and 
Morron), 2568. 

C,.H,,0, Methyl hydrogen dimethoxyphthalonate (+H,0) (Kuropa 
and PErKIN), 2101. 

C,.H,.N, Hydrazobenzene, hydroferrocyanide of (CuMMING), 2462. 

C,,H:,.N, Chysoidine-Y, hydroferrocyanide of (CumMING), 2439. 

C,.H,;;N 8-Methyldihydropentindole, and its  picrate (PERKIN and 
PLant), 3245. 
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12 If—12 III 


C,.H,.0, Ethyl £8-keto-y-phenylbutyrate (Arrwoop, Srevenson, and 
Tuoree), 1762. 
Ci2H,,0, 8-4:5-Dimethoxy-o-tolylacrylic acid (KuropA and Perkin), 2110. 


C,.H,,0,; Methyl 4:5-dimethoxy-o-tolylglyoxylate (Kuropa and Perky), 
2108. 


C,.Hy,N, 8-Aminotetrahydrocarbazole (PERKIN and RitEy), 2407. 

Aminotetrahydrocarbazoles, and their salts (EDWARDs and PLANT), 2395. 

C,.H,,N,; Substance, from reduction of cycluhexanone o-nitrophenylhydrazone 
(PERKIN and RILEy), 2408. 

C,2H,.0, w-Ethoxyacetoveratrone (Pratt and Ropinson), 752. 

C,.H,.0, Arbutin (MacpeTH and Mackay), 717. 

C,.H;,N 8-Phenyltriethylamine (G. M. and R. Ropinson), 542. 

C,.H..0,, Gentiobiose, constitution of (HAworrtu and WyLAm), 3120. 

isoMaltose, preparation of (Linc and Nanui), 2681. 

Sucrose, constitution of (HAworrn and LINNELL), 294; (HAworTH and 
MitcnELL), 301; (BrerGMANN), 1277; surface tension and density of 
solutions of (BUTLER), 2060. 

C,.H.,0, Lauric acid, potassium salt, migration data for (McBain and 
BowpDEN), 2417. 

12 III 

C,,H,O,S Thionaphthacoumarin-4-carboxylic acid (Smies and Harr), 
2910. 

C,,xH,NCl Chloroaminoacenaph thene (FarngE.t), 60. 

C,.H,NS, 3-Aminothianthren, and its salts (Krisuna), 158. 

C,.H,ON, Cinnamylidenecyanoacetamide (Curtis, Day, and Krmmrns), 
3136. 

C,.H,;.0.N, 2-Phenyl-4-methylpyrimidine-5-carboxylic acid (MITTER 
and BARDHAN), 2181. 

C,.0H,,0,N, Dinitrobenzidines, isomerism of (BRADY and McHven), 2047. 

C,,3H,,0T1 Thalliumdiphenyl hydroxide, salts of (Gopparp), 1164, 

C,,.H,,0,N Coumarin-6-formiminoether, and its hydrochloride (DEY and 
DALAL), 3388. 

C,.H,,0,N, Dimethoxyphthalonic acid anhydrosemicarbazone 
(KuRoDA and PERKIN), 2102. 

C,.H,,0,N, 9-Nitro-p-indoxy|spirocycloper tane (PeRKIN and P1anrt), 691. 

C,.H,.0,Br, 2:4-Dibromo-5-cyclohexanespirodicyclopentan-3-on e-1:2-dicar- 
boxylic acid (INGoLp, SFELEY, and TuHorpe), 868. 

C,.H,,ON 11-Hydroxytetrahydrocarbazolenine (Perkin and PLant), 
689. 


¥-Indoxylspirocyclopentane (PERKIN and PLANT), 689. 
C,.H,;0.N, Styryl methyl ketone semioxamazone, salts (WiLson and 
PICKERING), 397. 
C,.H,,;0,N,; Ethyl 5-hy droxy-1l-p-tolyl -1:2:3-triazole-4-carboxylate 
(Du1t), 273. 
1-Ketotetrahydronaphthalene-8-carboxylic acid semicarbazone 
(ATTWooD, STEVENSON, and THORPE), 1764. 
C,.H,;0,1 Ethyl m-iodophthalate(Burron and KENNER), 1045. 
C,.H,,0,Br Bromo-5-cyclohexanespirodicyclo-A*-penten-3-0l-1:2-dicar boxy- 
lic acid (INGOLD, SEELEY, and Tuorpe), 868. 
C,.H,,0.N, Methyl derivative of ethyl 2:5-imino-l-phenyldihydro-1:2:3- 
triazole-4-carboxylate (Durr), 270. 
C,.H,,0N Acetylmethoxy-1-hydrindamines (INcopand Piacorr), 1493. 
C,.H,,0.N,; Benzylacetonesemioxamazone (WILSON and PIcKERING), 396. 
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C,,H,,0,N 5-o-Aminobenzoylvaleric acid (PERKIN and PLANT), 687, 
C,.H,,0,N, Diethylearbamylnitrobenzaldoximes (Brapy and Rupée), 
2167. 


C,.H,,0,N, Carbethoxy-2-nitro-4-dimethylaminobenzantialdoxime 

(Brapy and McHvuen), 1197. 
4:5-Dimethoxy-o-tolylglyoxylic acid semicarbazone (Kuropa and 

PERKIN), 2109. 

C,,H,,0,N, Dimethoxyphthalonic acid semicarbazone (Kuropa and 
PERKIN), 2101. 

C,,.H,;N,S, cycloHexylene dithiocarbonate 2-pyridylhydrazone (Mitis 
and SCHINDLER), 320. 

C2H100.Se, Selenium acetylpropionylmethane (Morcan and Reeves), 


C,,H,,0,N,; Veratrylmethoxyacetaldehydesemicarbazoncs (Pratr and 
Rosinson), 757. 

C,.H,,0,Se Selenium OC-bisacetylpropionylmethane (Morcan and 
REEVEs), 450. 

C,.H,,0,Se, Diselenium bisacetylpropionylmethane, and its copper salt 
(MorGAN and REEVEs), 449. 

C,.H,gN,Cl, Tetra-aminodiphenyls (Brapy and McHven), 2052. 

C,.H,,0,Br Diethyl hydrogen a-bromomethylmethanetriace tate 
(FARMER), 3337. 

C,.H.0,Br, Ethyl aa’-dibromo-68-methylethylglutarate (SincH and 
THORPE), 118. 

CisH ol As B-Phenylethyldimethylarsine ethiodide (Turner and Bury), 
490. 

C2H.,0N, «-Ethyl-A’-cyclohexenylacetone semicarbazone (Bircu, Koy, 
and Norris), 1372. 

C,,.H,,0;N, Semicarbazone of a-keto-88-di-n-propylglutaric acid 
(BAINS and THorpPs), 1212. 

C,.H.sNI, Tetra-2-propylammonium tri-iodide (CHarraway and Hoyts), 
662. 


C,.H.»NI, Tetra-x-propylammonium pentaiodide (Cuarraway and 
HoyY Le), 662. 

C,:H.sNI, Tetra-n-propylammonium heptaiodide (Cuatraway and 
Hoy.e), 662. 

C,.HgSi:2Pt Substance, from dithioethylene glycol and platinic chloride (RAy), 
140. 


12 IV 

C,,H,O;NCl Chloronitronaphthalic anhydride (FARNELL), 61. 
C,,H,O,NCl Chloronitronaphthalie acid, and its salts (FARNELL), 61. 
C,,.H,O.NS, 3-Nitrothianthren, and its ferrichloride (KRIsHNna), 158. 
C,.H,O,NS 3-Nitrophenothioxin (KrisHna), 2784. 
C,.H,O,NS, 3-Nitrothianthren oxide (Krisuna), 159. 
C,.H,O,NS, 3-Nitrothianthren dioxide (Kpisuna), 159. 
C,.H,O;,NS 3-Nitrophenothioxin dioxide (Krisuna), 2784. 
C,.H,O,NS, 3-Nitrothianthren tetroxide (KrisHna), 159. 
C,,H,O,NCl 3-Chloro-4-nitroacenaphthene (FARNELL), 60. 
C,,H,NCIS, 6-Chloro-3-aminothianthren, hydrochloride of (KrisHna), 2789. 
C,.H,O,NS, 4-Nitro-2-sulphinodiphenyl sulphide (Krisuna), 158. 
C,,H,O;NS 4-Nitro-2-sulphinodiphenyl ether (Krisuna), 2784. 
C,,H,,0N.Br 1-Benzoy]-3:5-dimethylpyrazole (MorGaN and ACKERMAN), 

1316. 
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C,.H,,0N,I Benzoyl]-4-iodo-3:5-dimethylpyrazole (MorcaN and ACKER- 
MAN), 1313. 

Cy2H,,0,CIS Diacetyl-4-chloro-l1-naphthol-2-mercaptan (Gipson and 
SMILEs), 2392. 

C,,H,,0,N.AS, 3:3’-Diamino-4:4’-dihydroxyarsenobenzene, salts _ of 
(Gray), 640. 

C,.H,,0.N;Cl Ethyl 5-chloro-1-p-tol yl-1:2:3-triazole-4-carboxylate 
(Dur), 273. 

C,,H,,0N,S 2:4-Diketo-5-phenyltetrah ydrothiazole-2-isopropylidene- 
hydrazone (WILson and Burns), 803. 

Benzylidene derivative of 2:4-diketo-5-ethyltetrahydrothiazole-2- 

hydrazone (WILSON and Burns), 802. 

C,,H,,N.IS, 2:4:6-Trimethylbenzbisthiazole methiodide (Epar), 1018. 

CyH,NIS 4-Phenyl-2:5-dimethylthiazole methiodide (Smirn), 2291. 

C,,.H.,NC1,! Tetra-x-propylammonium dichloroiodide (CHaTraway and 
HoYLE), 662. 

C,2H.sNC],I Tetra-n-propylammonium tetrachloroiodide (CHATTAWAY 
and HoyLe), 661. 


C,.H.sNBr.I Tetra-n-propylammonium dibromoiodid (Cuatrraway and 
Hoyte), 662. 
12 V 


C,,.H;O,NCI1,S, 5:8-Dichloro-8-nitrothianthren (KrisHna), 2790. 
C,.H,O,NC1,S, 5:8-Dichloro-3-nitrothianthren tetroxide (KrisHNA), 
2790. 


C,.H,O,NCIS, 6-Chloro-3-nitrothianthren (KrisHna), 2789. 

C,.H,O,NCIS 6-Chloro-3-nitrophenothioxin (KrisHna), 2785. 

C,.H,O,NCIS 6-Chloro-3-nitrophenothioxin dioxide (Krisuna), 2785. 

C,.H,O,NCIS, 6-Chloro-8-nitrothianthren tetroxide (KrisHna), 2789. 

C,,.H,O;NC1,S 6:6’-Dichloro-8-nitro-4’-hydroxydiphenyl sulphide 
(KRISHNA), 2785. 

C,.H,O,NC1,S, 3’:6’-Dichloro-4-nitro-2-sulphinodiphenyl sulphide, 
sodium salt (KRISHNA), 2790. 

on te 6-Chloro-3-nitro-4’-hydroxydiphenyl sulphide (Krisuna), 


C,,H,O,NCIS, 4’-Chloro-4-nitro-2-sulphinodiphenyl sulphide (Krisuna), 
2789. 

C,,H,O;NCIS 4’-Chloro-4-nitro-2-sulphinodiphenyl ether (KrisHNa), 
2785. 


C,.H,,0.N,Cl,As, Salvarsan, nature of the silver derivative of (Gray), 635. 


C,.H.,~NCIBrI Tetra-n-propylammonium chlorobromoiodide (Cnat- 
TAWAY and Hoy te), 661. 


C,, Group 
C,;H,O, 1:6:8-Trihydroxyfluorone (Pratt and Roprnson), 741. 
C,;Hi90, Acetoxy-a-naphthoic acids (Royiz and ScuEpiER), 1645, 
Acetoxy-8-napht hoic acids (BurierR and Roy iz), 1653. 
C,;H,.0, Ethyl hydroxynaphthoates (BurLer and Roytz), 1654. 
C.:3H,,0, Acetyl-4:5-dimethox y-y-phthalonic acid (Kuropa and PErk1y), 
2100. 


C,,H,.N, Diphenylformamidine, condensation of, with phenols (SHORSMITH 
and HALDANE), 2704. 
C,,H,,N Methyldiphenylamine, action of methyl sulphate on (Gipson and 
Vinine), 831. 
Methyldiphenylamine, hydroferrocyanide of (CuMMING), 2458. 
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C,;H,,0, 6-Methoxy-2:3-dimethylehromone (HEILBRON, BARNEs, and 
Morton), 2567. 

C,,H,,0, Dimethyl dimethoxyphthalonate (Kuropa and Perkin) 
2101. 


Ethyl hydrogen dimethoxyphthalonate, and its silver salt (Kuropa 
and PERKIN), 2101. 
C,;3H,.0, a-Acetoxy-y-phenyl-a-methylbutyric acid (Atrwoop, Srgven- 
son, and THORPE), 1765. 
C,;H,.0, Ethyl hydrogen cyclopentanespirodicyclopentan-3-on e-1:2-di- 
carboxylate (IncoLp, LANFEAR, and THoRPs), 3149. 
C,;3H,0, Ethyl 5-cyclohexanespirodicyclo-A*-penten-3-ol-l-car boxylate 
(LNGoLD, SEELEY, and THORPE), 873. 
Ethyl §8-hydroxy-y-phenyl-a-methylbutyrate (ATrwoop, STEVENson, 
and THorPE), 1765, 
C,;H.»0, Pentaerythritol acetate, crystal structure of (Kwaces), 77. 
C,;H.,N a-cycloHexylideneisoheptonitrile (Brrcn and Kon), 2446, 


13 III 
C,3H,0,Cl 6-Chloro-1:2-a-naphthapyrone (Dry and Datat), 3391. 
C,,;H,0,N. 4-Cyano-l-carboxylamido-8-naphthol-3-carboxylic acid 
(CHALLENOR and INGOoLD), 2078. 
C,;H,O,N 6-Amino-1:2-a-naphthapyrone (Dry and Datat), 3390. 
C,;H,O,Cl 1:3:6:8-Tetrahydroxyxanthylium chloride (+H,0) (Prarr 
and Rogrnson), 740. 
C,3H,.0;N Naphthastyrylacetic acid (Durr), 224. 
C,;,H;.NBr 3-Bromo-N-methylcarbazole (StevENs and TucKER), 2146. 
C,;H»N.Br. Benzaldehydedibromophenylhydrazones (HuMpPuHRIES, 
Bioom, and Evans), 1769. 
C\;HigNI 3-Iodo-N-methylcarbazole (SrEveNns and TuckERr), 2146. 
CisHs,0.N a-Naphthylglycine-8-carboxylic acid, sodium salt (Duvur7), 
4, 


C,3H,:NS. 3-Amino-6-methylthianthren, hydrochloride of (KnrisHNa), 
2788. 


Cy3H,,0N, 5-Acetyl-2-phenyl-4-methylpyrimidine (Mirrer and Baro- 
HAN), 2181. 
C,3H,,0,N, 2-p-Tolyl-4-methy]pyrimidine-5-carboxylic acid (MITTER and 
BARDHAN), 2181. 
C,3H,,0,N, Ethyl 4-keto-2 phenyl-1:4-dihydropyrimidine-5-carboxyl- 
ate (MITTER and BARDHAN), 2183. 
4-Nitro-8-acetyldihydropentindole (PERKIN and PLANT), 3246. 
C,;H,,0N 8-Acetyldihydropentindole (PERKIN and PLAN'), 3245. 
C,3H,,0,N, 1-Ketotetrahydronaphthalene-3:3-dicarboxylic acid semi- 
carbazone (ATTWOOD, STEVENSON, and THORPE), 1764. 
C,3H,,0,;N, 9-Nitro-6-methyl-p-indoxylspirocyelopentane (PERKIN and 
PuaNnt), 691. 
C,;H,,0,N, 10-Nitro-8-acetyl-9-hydroxytetrahydropentindole (PERKIN 
and PLANT), 3246. 
C,3H,,0,01 Ethyl a-chloroethylbenzoylacetate (MAcBETH), 1128. 
C,;H,,0,Br Ethyl a-bromobenzylacetoacetate (MacBETH), 1127. 
Ethyl a-bromoethylbenzoylacetate (MacsEru), 1128. 
C,sH,.0.N, 1:6-Diacetylamino-l-hydrindamine (INcotp and Piacor7), 
1491. 


C,,;H,.N.S, cycloHexylene dithiocarbonate phenylhydrazone (MILLS 
and SCHINDLER), 320. 
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C,;H,,0,Br Ethyl hydrogen a-bromo-a-hydroxycycloheptane-1:1-di- 
acetic lactone (BAKER and INGoLD), 130. 

C,3H.».O.N, aa’-Dicyano-f-hexy]glutaramide (Curtis, Day, and Kimmins), 
3136. 


6-I mino-3-cyano-5-carbamyl-4-hexyl-2-piperidone (Curtis, Day, and 
KIMMINS), 3137. 
C,;H.0,Br, Ethyl aa’-dibromo-a’-hydroxy-88-di-n-propylglutarolact- 
one (Barns and THorPE), 2744. 
CisHop0.N, 4:5-Dimethoxy-o-tolylglyoxylic acid semicarbazide semi- 
carbazone (Kuropa and Perkin), 2108. 
C,;H.,0,Br Ethyl hydrogen a-bromocycloheptane-1:l-diacetate (BAKER 
and INGOLD), 130. 
Ethyl hydrogen’ a-bromo-a’-hydroxy-S8-di propylglutarolactone 
(Barns and THorre), 1210. 
C,;H.,0,Br Ethyl hydrogen a-bromo-sf-di-n-propylglutarate (BAINs 
and TuorpPs), 1211. 
13 IV 


C,;H,0,NS, 3-Nitrothianthren-7(or 5)-carboxylic acid (KRISHNA), 2789, 
C,;sH,O,NS, 3-Nitrothianthren tetroxide-7(or 5)-carboxylic acid 
(KRISHNA), 2789. 
C,sH,O.NS, 3-Aminothianthren-7(or 5)-carboxylic acid, hydrochloride 
of (KRISHNA), 2789, 
3-Nitro-6-methylthianthren (Krisuna), 2787. 
C,zH,O,NS 3-Nitro-6-methy!phenothioxin (Krisuna), 2785. 
C,;3H,O,NS, 3-Nitro-6-methylthianthren tetroxide (KrisHna), 2788. 
4-Nitro-2-sulphino-5(or 3’)-carboxydiphenyl sulphide, and its am- 
monium salt (KrisHNA), 2789. 
C,3H:,0,NS, 4-Nitro-2-sulphino-4’-methyldiphenyl sulphide(Krisana), 
2787. 


C,;3H,,0,NS 4-Nitro-2-sulphino-4’-methyldiphenyl ether (KrisHna), 
2785. 

C,;H,.0,N.S p-Nitrotoluene-w-sulphonanilide (CLUrTERBUCK and CoHEN), 
2515, . 


C,;H,,.NIS 2-Methylnaphthathiazole methiodides (Smirn), 2293. 
C,;H,,0.NS Toluene-e-sulphonanilide (CLUTrERBUCK and ConEN), 2514. 
C,;H,,0,NS Methyldiphenylaminesulphonic acid, salts of (Gipson and 
VINING), 836. 
C,3H,,;0,N,S p-Nitrotoluene-w-sulphonphenylhydrazide (CLUTrERBUCK 
aud CoHEN), 2514, 
C,;H,,0.N.S Toluene-w-sulphonphenylhydrazide (CLUurrernuck 
CoHEN), 2514. 
13 V 


C,3H,O;NCIS 6-Chloro-3-nitro-6’-hydroxy-3’-methyldiphenyl sulphide 
(KRISHNA), 2785. 

C,;H,,0,N.BrS 4-Bromo-s-diphenylcarbamide-2-sulphonie acid, potas- 
sium salt (Scott and CuHEN), 3189. 

C,3H,,0.NCIS p-Chlorotoluene-w-sulphonanilide (CLurrerBuck and 
CoHEN), 2514. 

C,3H,,;0.N,CIS p-Chlorotoluene-w-sulphonphenylhydrazide (CLUTTER- 
BUCK and CoHEN), 2514. 


and 


C,, Group. 
C,,H,. Anthracene, constitution of (CHALLENoR and INGOLD), 2066. 
Phenanthrene, bromination of (HENsTocK), 3097. 
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14 II 
C,,H,O, Phenanthraquinone, action of hydrazine hydrate on (Durr and 
Sen), 3420. 

C,,H,O, Diphenic anhydride, colouring matters from (Durr), 225. 

C,,H,S, Dithioanthraquinone (HEILBRON and Heaton), 182. 

C,4H,,O 2-Anthrol, preparation of (HALL and Perkin), 2035. 

Anthrone, preparation of (BARNETT and MaTrHeEws), 389. 

C,,H,,0, 1:2-Anthradiol (HALL and PERKIN), 2035. 
Dihydroxyanthracenes (HALL and PerKIN), 2032. 
2:3-Dimethylchromone, reactivity of the 2-methyl group in (HEILBRon, 

BARNES, and Morton), 2559. 
C,,H,.0, 2:4-Dihydroxydeoxybenzoin (CHAPMAN and STEPHEN), 404. 
C,.H,.0, 2:4:6-Trihydroxydeoxybenzoin (CHarmaN and STEPHEN), 408. 
C,,H,,0, 2-Styryl-3-methylchromone, and its salts (Hx1LBRON, BARNEs, and 
Morton), 2565. 

C,,H,,0,+« Ethyl dihydrogen cyclopentanespirocyclopentan-3-one-1:2:4-tri- 
carboxylic anhydride (INGoLD, LANFEAR, and THORPE), 3149. 

C,,H,.O, Methyl acetyl-4:5-dimethoxy-y-phthalonate (Kvuropa and 
PERKIN), 2103. 

Cy4.H,N, Benzenylbenzylamidine, salts of (PymAN), 3373. 
Benzenylphenylmethylamidine, methylation of (Pyman), 369. 

C,,H,S, Substance, from benzyl mercaptan and sulphur monochloride 

(CHAKRAVARTI), 967. 
C,,H,,N Ethyldiphenylamine, chloroplatinate of (Gipson and VinrIne), 841. 
C,,H,,0, Ethyl dibydrogen cyclopentanespirocyclopentan-3-one-1:2:4-tri- 
carboxylate, silver salt (INcoLp, LANFEAR, and TuorPE), 3148. 
Methyl ethyl dimethoxyphthalonate (Kurnopa and Perky), 2101. 

C,,H,.N, 0o-Hydrazotoluene, hydroferrecyanide of (CumMING), 24°2. 

C..H,.0 isoLongifolaldehyde (SimonsEn), 2655. 

C,,H,.0, Longifolic acids, and their salts (SIMONSEN), 2653. 

C,,H.,0 isoLongifolol (Simonsen), 2655. 

: J 


14 III 
C,,H,0,N, 2:4:7-Trinitrophenanthraquinone (CurisTIz and KENNER), 783. 
C,,H,O,,N, 4:6:4:6’-Tetranitrodiphenic acids (CuristIzE and KENNER), 
783. 


C,,H,O,.N,; 4:6:4’-Trinitrodiphenic acids, and their salts (CHrisTIE and 
KENNER), 784. 

C,,H,OC], Dichloroanthrone (BARNETT and MATTHEWs), 2555. 

C1sH,0,01, 3:6-Dichloro-4-methyl-1:2-a-naphthapyrone (Dzy and Datat), 
3391. 


C,,H,0,Cl, 6:6’-Dichlorodiphenic acid, synthesis and resolution of, and its 
brucine salts (CHRISTIE, JAMES, and KENNER), 1948. 

C,,H,0,S Anthraquinonesulphonic acids, sodium salts, destructive distilla- 
tion of (PERKIN and SEWELL), 3032. 

C,,H,OC] Chloro-9-anthrones (BARNETT and Ma1THEWs), 2553. 

C,,H,O,Cl Chloro-4-methy]-1:2-a-naphthapyrones (Dey and DALat), 3391. 

ae ad 6-Bromo-4-methyl-1:2-a-naphthapyrone (Dry and Datat), 
3391. 


C,,H,O,I 9-Lodo-4-methy1-1:2-a-naphthapyrone (Dry and Da.at), 3391. 

C,,H,O,N 4-Nitro-2-methyl-a-naphthafuran-l-carboxylic acid, and its 
salts (DEY and Row), 3384, 

C,,H,0,N, Trinitrohydroxystilbenes (CULLINANE), 2058. 
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CH 0,N, 4:3’-Dinitrostilbene (CuLLINANE), 2060. 

CisH100;N, 2:4-Dinitro-3’-hydroxystilbene (CULLINANE), 2059, 

CuH,0,N Nitrohydroxystil benes (CuLLINANE), 2059. 

C,4H,,0,Cl 4’-Chloro-2:4-dihydroxydeoxy benzoin (CHapMANandSTEPHEN), 
408. 


C.H1,0,Cl 4’-Chloro-2:4:6-trihydroxydeoxybenzoin (CHAPMAN and 
STEPHEN), 409. 

Cy4H:,NS 4-8-Naphthy]-2-methylthiazole, and its salts (Smrrn), 2293. 

C,,H,NBr 3-Bromo-N-ethylcarbazole (Stevens and Tuckrr), 2146. 

CuH,,NI 3-Iodo-N-ethylcarbazole (Srevens and TuckEr), 2147. 

C.4H.N,S Substance, from thiobenzamide and sulphur monochloride (CHAKRA- 
VARTI), 968. 

C,,H,,0.N 6-Amino-m-tolyl benzoate, and its hydrochloride (Gipson), 1276. 

N-Benzoylamino-m-cresols (GiBson), 1276. 

CuH ON, 5-Acety]-2-p-toly]-4-methylpyrimidine (Mirrerand BarpHan), 

2182, 


Anhydro-8-aminotetrahydrocarbazole-9-acetic acid (PERKIN and 
RILEY), 2404. 
C.4H,,O.N, Ethy] 2-phenyl-4-methylpyrimidine-5-carboxylate (MITTER 
and BARDHAN), 2180. 
Cy4H,O,N, Ethyl 4-keto-2-p-tolyl-1:4-dihydropyrimidine-8-carboxylate 
(MiTTER and BARDHAN), 2183. 

Tetrahydrocarbazole-7-oxamic acid (EDWARDs and PLANT), 2398. 
C,,H,,0,N m-Nitrobenzoyl-p-cresol (ALLsop and KENNER), 2314. 
C.4H,,Cl,Si Dichlorodi-p-tolylsilicane (Pink and Kipprne), 2831. 
C,,H,,ON, 5-Acetyl-2-phenyl-4-methylpyrimidine semicarbazone 

(MITTER and BARDHAN), 2182. 

C,4H,,0,N 11-Acetoxytetrahydrocarbazolenine (PERKIN and Piant), 689. 
Acetyl-j-indoxylspirocyclopentane (PERKIN and PLANT), 689. 
Tetrahydrocarbazole-9-acetic acid (PERKIN and RILEy), 2402. 

C,,H,ON, Acetylaminotetrahydrocarbazoles (Epwarps and PLAant), 

2396. 


Anhydro-8-aminohexahydrocarbazole-9-acetic acid (PERKIN and 
RiLey), 2405. 
C,,H,.0,N, Tetrahydrocarbazole-8-aminoacetic acid (PERKIN and RILEY), 
2407. 


C,,H,,0.Si Di-p-tolylsilicanediol (Pink and Krpprne), 2834. 

C,,H,60,N, Quinoxaline derivative of a-keto-88-methylethylglutaric 
acid (Sincu and Tuorpe), 121. 

C,,.H,.O,Br, Ethyl aa’-dibromo-o-phenylenediacetate, preparation of 
(CHALLENOR and INGOLD), 2074. 

C,.H,,ON Diphenyldimethylammonium hydroxide, chloroplatinate of 
(GrBson and VINING), 838. 

C,,H,,0,N 9-Acetyl-10:1l-dihydroxyhexahydrocarbazole (PERKIN and 
PLANT), 688. 

cis-3-M eth y1-3-ethylcyclopropane-1:2-dicarboxyanilic acid (Stvcu and 

THORPE), 122, 

C,,H,,0,N Methylethylglutaranilic acid (Sincuand TuorpPs), 117. 

C,,H,.0,,N, Ethyl dinitroethanetetracarboxylate (ALLsopand KENNER), 
2315. 


C,,H.,0,N, Semicarbazone of ethyl 5-cyclohexanespirodicyclopenten-3- 
ol-l-carboxylate (INGoLp, SEELEY, and THoRPE), 873. 


C,,H.,0N Longifolamide (Simonsen), 2656. 
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C,,H,,0,N, 1:4-Di-n-butyloxymethylpiperazine (G. M. and R. Rosrnsoy), 
537. 


Cy4H3,0,S 88’-Ditsoamyloxydiethylsulphone (CasHmore), 1743. 


14 IV 
C,,H,OCIBr 4-Chloro-10-bromo-9-anthrone (Barnetr and Marruews), 
554. 


C,,H,O,NBr 3-Bromo-6-nitro-4-methyl-1:2-e-naphthapyrone (Dry and 
Row), 3383. 

C,,H,,0,NBr 3-Bromo-6-amino-4-methyl-1:2-a-naphthapyrone (Dry and 
Kow), 3383. 

C,,H,.0,CIS, Diacetyl-4-chloro-l-naphthol 2-disulphide (Gipson and 
SMILEs), 2392. 

C,,H,,0,NS, 3-Nitro-6:8-dimethylthianthren (Krisnna), 2788. 

C..4H:,0,NS, 3-Nitro-8-methoxy-6-methylthianthren (KRisHNa), 2789. 

C,,H,,0,NC]l, Diacetyltartaro-2:4-dichloroanil (CHarraway and Parkgs), 
664. 


C,,H,,0,NBr, Diacetyltartaro-2:4-dibromoanil (CHaTrawayand Parkgs), 
665. 


C,,H,,0,NS 6-Nitro-2-benzenesulphoxy-3-methoxy benzaldehyde 
(DAviEs), 1585. 

C,,H,,0,NS 6-Nitro-2-benzenesulphoxy-3-methoxy benzaldehyde 
(DaviEs), 1585. 

C,,H,,0,NC1 Oxime of 4’-chloro-2:4-dihydroxydeoxybenzoin (CHAPMAN 
and STEPHEN), 408. 

C,H,,0,NCl Diacetyltartaro-p-chloroanil (CHATTAWAy and PaRKEs), 664, 

C,,.H,,O,NBr Diacetyltartaro-p-bromoanil (Cuarraway and Parkes), 
664. 


‘C,,H,,ONS, 3-Amino-8-methoxy-5-methylthianthren, hydrochloride of 
(KRISHNA), 2789. 

C,,H,,ON,I 6-Acetylamino-l-hydrindyltrimethylammonium iodide 
(INGoLD and Piceorrt), 1491. 

C,,H,;0,NS, 4-Nitro-2-sulphino-4’:6’-dimethyldiphenyl sulphide, 
sodium salt (KRISHNA), 2788. 

C,,H,,0,NS, 4-Nitro-6’-methoxy-2-sulphino-3’-methyldiphenyl sulph- 
ide (KrisHNna), 2788. 

C,,H,,0,N,S s-Phenyl-p-tolylcarbamide-2’-sulphonic acid, potassium salt 
(Scott and CoHEN), 3189. 

CisH,0,NS Methoxytoluenesulphonanilides (HAwonrrH and Lapworth), 

88. 


C,,H,,N.IS 2-y-Dimethylaminostyrylthiazole methiodide (Smrrn), 
2291. 


C,,H,,ONI 6-Ethoxylepidine ethiodide (Minus and Braunuottz), 2811. 

C,,H,,N,IS p-Dimethylamino-anil of 2-aldehydo-4-methylthiazole 
methiodide (Smirn), 2295. 

C,,H.,0,N.S Ethyl 66’-diglycinodiethyl sulphide, and its chloroplatinate 
(CASHMORE and McCompig), 2887. 

14 V 

C,,H,,0,N,Cl1.S, 2-Chloro-6-thiol-8-oxy-7:9-dimethylpurine disulphide 

(Ray, CHAKRAVARTI, and Bose), 1961. 


C,, Group. 


f 
C,,H., Longifolene, oxidation of (SIMONSEN), 2652. 
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15 Il 
CysH120, 6-Hydroxy-1:8-dimethylfluorone (Prarr and Rosinson), 742. 
CisHi2Ng Diphenylglyoxalines, isomeric, and their salts (BurTLEs and 
PyMAN), 361. 
CrsH.0s 2:4-Dihydroxy-4’-methyldeoxybenzoin (CHAPMAN and STEPHEN), 
408. 


CysHyO, 2:4:6-Trihydroxy-4’-methyldeoxybenzoin (CHAPMAN and 
STEPHEN), 409. 

CisHi4039 Acid, from bromo-o-phenylenediacetic ester and ethyl sodiomalonate 
(CHALLENOR and INGoLD), 2078. 

CyHuN, 2:5-p-Tolylimino-1-phenyldihydro-1:2:3-triazole (Durr), 274. 

’ C,;H,N, Benzenylmethylbenzylamidine, and its picrate (Pyman), 3374. 

Methylbenzylaminobenzenylimidine, salts of (PymMAN), 3374. 

CisHigN, Ethylformazyl (WaLKER), 2778. 

CisH;pN o-Homonaphthyldiethylamine, and its picrate (G. M. and R. 
Ropinson), 543. 

C,;H..0, d-Longif-1:2-dione (SimonsEN), 2659. 

C,sH..0, Ethyl cyclopentan-l-one-2:5-dicarboxylate-3-acetate (FARMER), 
3329. 


C,sH.,0, d-Longif-l-0l-2-one (StImonsEN), 2661. 
Methyl longifolates (S1imonsEN), 2653. 
CsH.40, Acid, from d-longif-1:2-dione and hydrogen bromide (S1monsEN), 2664. 
C,sH.,0, Longiforic acids (StmonsEN), 2661. 
C,,H.,0, Ethyl w-acetylmethanetriacetate (Dreiruss and INcoLpD), 2967. 


15 III 

C,sH,O,N 6-Cyano-4-methy]l-1:2-a-naphthapyrone (Dry and Datat), 3391. 

C,;sH,O,N 3-Nitrophenylcoumarins (CULLINANE), 2059. 

C,s5H,,0,N 6-Acetylamino-1:2-a-naphthapyrone (Dry and Datat), 3391. 

Methylnitroanthrone (Barnetr and Cook), 2640. 

C,;H,,0,N Phthalon-2-anilic acid, and its aniline salt (Kuropa and 
PERKIN), 2107. 

C,sH,,0,Cl 3:6-Dihydroxy-1:8-dimethylxanthylium chloride (+ H,0) 
(Pratr and Ropinson), 741. 

C,;H,;0,N,; Benzoyl! derivative of 2:4-dinitro-6-amino-m-xylene (IBBOTSON 
and KENNER), 1267. 

CisH,,0,N. 3-Nitro-N-n-propylcarbazoles (STEVENS and Tay.ok), 2144. 

C,sH,,0.N, aa’-Dicyano-8-styrylglutaramide (Curtis, Day, and Kimmins), 
3136. 

C,;H,,N.S, Bis-2-methylbenzothiazoline-l:l-spiran, and its salts (MILLS, 
CLARK, and AESCHLIMANN), 2369. 

C,sH,,0,N Benzoyl] derivative of 3-methoxy-o-toluidine (Grsson), 1274. 

C,sH,,0,N Oxime of 2:4-dihydroxy-4’-methyldeoxybenzoin (CHAPMAN 
aud STEPHEN), 408. 

C,;H,,0,N Diacetyitartarotolils (CHarraway and PARKER), 665. 

C,sH,,0.N, Ethyl 2-p-tolyl-4-methylpyrimidine-5-carboxylate (MITTER 
and BaRDHAN), 2181. 

C,sH;60,N. Quinoxaline derivative of a-ketocyclopentane-1:l-diacetic 
acid (LANFEAR and THORPE), 1688. 

C,sH,,0,N, Ethyl 5-nitrotetrahydrocarbazole-9-carboxylate (PERKIN 
and PLANT), 692, 

C,;H,,ON, 5-Acetyl-2-p-tolyl-4-methylpyrimidone semicarbazone 
(Mirren and BARDHAN}, 2182. 
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C,;H,,0O.N Ethyl tetrahydrocarbazole-9-carboxylate (PERKIN and 
PLANT), 692. 

C,;H,,0O,.N Ethyl 10:11-dihydroxyhexahydrocarbazole-9-carboxy late 
(PERKIN and PLANT), 693. 

C,;H,,0,.N, Eserine (Barcer and SrEpMAN), 758. 

C,;H.,0,N 8-isoButylglutaranilide (Curtis, Day, and Kimmins), 3136. 

C,;H.,0,N Ethyl cyclopropane-1:1-dicarboxylate-2:3-diacetate 
(FARMER), 3336. 

C,;H.,0,.N d-Longif-1:2-dione oxime (SIMONSEN), 2660. 

Acid, and its salts, from d-longif-1:2-dione monoxime and benzenesulphonyl 

chloride (SIMONSEN), 2665. 

C,;H.,ON, ésoLongifolaldehyde semicarbazone (SIMONSEN), 2655. 

C,;H,,0,N Longifolamide urethane (SIMONSEN), 2656. 

C,sH..0,Br, Ethyl aa’-dibromo-B8-di-n-propylglutarate (Barns and 
THORPE), 1210. 

15 1V 


C,,H,O.NBr, 3(or 4)-Bromo-1:2-naphthaquinone-4(or  3)-pyridinium 
bromide (Barnett, Coox, and DrIsco.u), 515. 

CisHo0.NBr 1:2-Naphthaquinone-S(or 4)-pyridinium bromide (+H,0) 
(BARNETT, Cook, and Drisco.t), 515, 
C,H ,0.NBr, 3(or 4)-Bromo-1:2-dihydroxynaphthalene- 4(or 3)-pyridi- 
nium bromide, and its picrate (BARNETT, Cook, and DriscotL), 516. 
C,,H;;0.NS Benzoyl] derivative of y-base CgHgCNS (Mixis, Ciank, and 
AESCHLIMANN), 2358. 

C,;H,O,NI 1:2-Diacetoxyphenylpyridinium iodide (Barner, Cook, 
and Drisco.), 514. 

1:4-Diacetoxyphenylpyridinium iodide (Barnett, CooxK, and 

DRIsco.u), 511. 

C,,H,,NIS 4-8-Naphthyl-2-methylthiazole methiodide (Smiru), 2293. 

C,,H,,N.IS 2-p-Dimethylaminostyryl-4-methylthiazole methiodide 
(SmiTH), 2291. 

C,,H,.O,NBr 1:4-Dihydroxynap)th alene-3-pyridinium bromide 
(+ H,O) (BakNeEr, Cook, and Driscou), 516. 

C,;H.,0N.I Eseroline ethiodide (BancEr and SrepMan), 764. 

C,;H.,0,.N,S, 88’-Diglycinodiethyl sulphilimine (CasHmore and Me- 
ComBIE), 2888. 


C,, Group. 


C1.H,.0, Dipheny]-3:5:3':5’-tetracarboxylic acid (BuRTON and KENNER), 
1045. 


C,,H;,0; 2-Furfurylidenemethyl-3-methylchromone (HEILBRON, 
BARNES, and Morton), 2567. 


4-H ydroxy-1:2-dimethylanthraquinone (FAIRBOURNE and GAUNTLETT), 
1137. 
C,.H,.0, Acetylauthragallol anthrauol (BrearE and PeRkry), 2607. 
Succinylfluorescein, aud its salts (Biecs and Pops), 2934. 
C,,H,,0, Dimethoxyanthracenes (Hatt and Perkin), 2032. 
C,.H,,0, Anthragallolanthranol dimethyl] ether (BrEAarE and Perkin), 
2607. 


o-2-Hydroxy-4:5-dimethylbenzoylbenzoic acid (FAIRBOURNE and 
GAUNTLET), 1138. 
CisH,,0, Diacetylanthragallolanthranol (BrearE and Perkin), 2607. 


CisH,,0,, Acid, from dibromo-o-phenylenediacetic ester and ethyl sodiomalonate 
(CHALLENOR and INGOLD), 2077. 
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C,.H,;N 3:5:7-Trimethylacridine, and its salts (Morcan and Hickin- 
BOTTOM), 103. 
CysHi,N. Di-p tolyldimethinediazidine (INGoLD and Piccorr), 2750. 
Methylbenzylaminobenzenylmethylimidine, picrate of (PyMAN), 3375. 
CisH29, Diethyl hydrogen cyclopentanespirodicyclopentan-3-one-1:2:4- 
tricarboxylate, potassium and silver salts (INGoLD, LANFEAR, and 
THORPE), 3148. 


C,6H220, Diethyl 5-cyclohexanespirodicyclo-A*.penten-3-0l-1:2-dicarboxyl- 
ate (INGOLD, SEELEY, and THORPE), 873. 

CieHesO, Ethyl w-carboxymethanetriacetate (Drziruss and INGorp), 
2966. 


16 III 
C,.H,0;,Br, Succinyleosin, and its salts (Bices and Porg), 2939. 


C,.H,0,3N, Tetranitrosuccinylfluorescein, and its sodium salt (Brees and 
Pore), 2941. 


C.isH..0;Br, Dibromosucciny] fluorescein (Bices and Purr), 2940, 

CisHioN,Sg Substance, from  5-thiol-2-thio-3-phenyl-2:3-dihydro-1:3:4-thiodi- 
azole and sulphur monochloride (CHAKRAVARTI), 967. 

C,.H,,0;5N Coumarin-6-carboxylanilide (Dey and Da.at), 3388. 

Cy6H1,0,.N, Dinitrosuccinylfluorescein hydrate (Biccs and Pops), 
2941. 


C,.H,;0,Cl 7-Hydroxy-2-phenyl-4-methylbenzopyrylium chloride, and 
its additive compound with resorcinol (Buck and HEILBRoN), 2526. 


CieH1;0,Cl 7-Hydroxy-3-methoxy-2-phenylbenzopyrylium chloride 
(PRATT and RosBinson), 749. 

C,.H,;0,N 4-Nitro-2’- and -4’-acetoxystilbenes (CULLINANE), 2057. 

C,.H,,0,Cl 7-Hydroxy-2-phenyl-4-methylbenzopyrylium perchlorate 
(Buck and HEILBRON), 2526. 

CieH,,O.N, Nitroso-3-phenyl meth ylamino-2-keto-l-methyl-1:2-dihydro- 
quinoxaline (USHERWOOD and WHITELEY), 1087. 

C,6H,,0,N, Dipheny]-3:5:3’:5’-tetracarboxylamide (Burton and KENNER), 
1045. 


C,.H,,0N, 3-Phenylmethylamino-2-keto-l-methyl-1:2-dihydroquinoxal- 
ine, and its salts (USHEKWooD and WHITELEY), 1086. 

C,.H,;0,N,; Phenyl p-tolyl ketone semioxamazone (WILSON and PicKER- 
ING), 396. 

C,.H,,0,N,; Phenylethylcearbamylnitrobenzaldoximes (Brapy and 
KinGk), 2167. 

CyeH,,0,N m-Hemipinanilic acid (Kuropa and Prerxrn), 2105. 

CieH,¢0,N, 3-Nitro-N-n-butylearbazole (STEVENS and TucKER), 2144. 

Phenylethylcarbamylbenzantialdoxime (Brapy and Ripee), 2166. 

CigH,,0;N, 3:5’-Dinitro-4:4’-diethoxydiphenyl (Brapy and McHven), 

2051. 


CysH,,0,N, Carbanilino-3-nitro-p-dimethylaminobenzantialdoxime 
(Brapy and TruszkowskI), 2437. 


C\eH;,0,S 4-Methoxytoluene-3-sulphonacetophenone (Gipson and 
SMILEs), 2391. 


CieH,,0,N Anilino-5-cyclohexanespirocyclo-A*-pentene-1:4-dione (INGOLD, 
SEELEV, and THorPE), 865. 


4:5-Dimethoxy-o-tolylideneaniline, and its hydrochloride (Kuropa and 
PERKIN), 2109. 


C,,H,,0,N, Quinoxaline derivative of a-ketocyclohexane-l:l-diacetic acid 
(INGOLD, SEELEY, and THORPE), 867. 


CisH,,0,N Diacetyltartaro-2:4-xylil (CHaTTAway and PARKES), 665. 
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16 I1I—17 ll 


C,sH,sCl.Pb Lead tri-m-xylyl dichloride (Gopparp), 1172. 

CisH:sBrAs Methyldihydroarsindole benzobromide 
Bury), 2492, 

C,.H,,0,N Ethyl tetrahydrocarbazole-9-acetate (PERKIN and Ri.zEy), 
2401. 


(TURNER and 


CysH»O.N, Phenylhydrazone of cyclopentanespirocyclopentan-3-one- 
l-carboxylic acid (INcoLp, LANFEAR, and TuorPE), 3151. 


C,,.H.,0.N 4-Benzoyloxy-1:2:2:6-tetramethylpiperidine, and its salts 
(KIPPING), 3118. 
C,.H,.0,S Ethyl tetrahyd rothiophen-3:3:4:4-tetracarboxylate (Mann 


and Popr), 1175. 
C,.H.;0,N, @-Longif-1:2-dione semicarbazone (SrmonsEN), 2659. 
CygHaoSigPt Substance, from dithioethylene glycol and platiniec chloride (RAy), 
141. 


16 IV 
C,sH,O,NS 38-Nitro-p-naphthaphenothioxin (KrisHna), 2786. 
C,.H,O,NS 3-Nitro-8-naphthaphenothioxin dioxide (KrisHNA), 2786. 


Cy6H».0.N.Cl, py-Chlorophenyliminosuccino-p-chloroanil (CHATTAWAY 
and PARKEs), 668. 
C,.H,,.0.N.Br, y-Bromophenyliminosuccino-p-bromoanil (Cnarraway 


and ParKEs), 668. 
CicHioN,CIS,Pt Substance, from thiodiazole and platinic chloride (RAy), 
139. 


C,.H,,0,.N,Cl p-Chlorophenyliminosuccinanil (CHaTraway and PaRKEs), 
669. 


Phenyliminosuccino-p-chloroanil (CHATTAWAY and PAaRKEs), 669. 
C.6H,,0,NS 4-Nitro-2-sulphinopheny] B-naphthyl ether (KrisHNa), 
2785. 


C,.H,,0N,S Benzylidene derivative of 2:4-diketo-5-phenyltetrahydrothi- 
azole-2-hydrazone (WILSON and Burns), 803. 

C,.H,,0,C]),Fe 3-Methoxy-2-phenylbenzopyrylium ferrichloride (Pratt 
and Roprnson), 749. 

CsH130,Cl,Fe 3:4’-Dihydroxy-3’-methoxy-2-phenylbenzopyrylium 
ferrichloride (Pratt and Ropinson), 754. 

C16H,,0.N,S, 2:2’-Diformylmethylaminodiphenyl disulphide (Mitts, 
CuiaArk, and AESCHLIMANN), 2358. 

2:2’-Dithiobenzomethylamide (McCLELLAND and LONGWELL), 3314. 

C,.H,.0.N,Be Carbanilino-3-bromo-p-dimethylaminobenzantialdoxime 
(Brapy and TruszKowsk!1), 2439. 

C,.H,,N.S,I Bis-2-methylbenzothiazoline-1:1-spiran methiodide(MILLs, 

CLARK, and AESCHLIMANN), 2369. 


C,, Group. 


C,,H,,0 Methoxy-l-benzylidene-3-a-hydroxybenzylindene (INGoLp and 
Piecott), 1508. 

C,,H,,O, 4-Methoxyphenyl 
(PRatr and Rosrnson), 751. 

C,,H..0, Benzoylcamphor, mutarotation of (Lowry and Burcgss), 2122. 

C,,H,,N, Auramine, hydroferrocyanide of (CummiNG), 2459. 

C,,H..N, Tetramethyldiaminodiphenylmethane, hydroferrocyanide 
(CUMMING), 2458. 

C,,H.0, d-Acetyl-longif-1-ol-2-one (Stmonsen), 2661. 

C,,H,.0, Pentamethylarbutin (MacBErH and Mackay), 721. 


3506 


2-hydroxy-8-methoxystyryl ketone 


of 


aon 


FORMULA INDEX. 17 IlI-17 IV 


C.,7H..04 Methyl longiforate (Simonsen), 2662. 
Ci;H.0, Ethyl butane-ad-dicarboxylate-8-malonate (FARMER), 3329. 


17 Ill 

C,,H,;;0.N Hydroxynaphthanilides (RoyLe and ScHEDLER), 1645; (BUTLER 
aud Roy Le), 1654. 

C,,H,,0,N 4:5-Diméthoxyphthalonanil (Kuvropa and PERKIN), 2105. 

C,,H,,0,N. 1-Keto-6:7-dimethoxy-2-pheny]-1:2-dihydrophthalazine-4- 
carboxylic acid (KuropaA and PERKIN), 2108, : 

C,;H:;0;N, 3:4-Oxido-2-keto-1-methy1-1:2:3:4-tetrah ydroquinoxaline- 3. 
carboxylmethylanilide (UsHERWOoD and WHITELEy), 1078. 

C,;H,,0,C1 7-Hydroxy-3:4’-dimethoxy-2-phenylbenzopyrylium chlor; 
ide (+H,0) (Pratt and Rosinson), 751. 

C1H,0.N Dimethoxyphthalon-2-anilic acid (Kuropa and PeErRkry), 

2104. 


C,,H,.0,N. Mesoxdimethylanilide (UsHERWoop and WHITELEY), 1080. 

C,,H,,0,N. Phenylethylcarbamyl]-3:4-methylenedioxybenzantiald- 
oxime (BRApy and RipGe), 2166. 

C,,H,,0,N, Substance, from isonitrosomalondimethylanilide and water (UsHER- 
woop.and WHITELEY), 1081. 

C,,Hi;0.N, 2-Keto-l-methy]-1:2:3:4-tetrahydroquinoxaline-3-carboxyl- 
methylanilide (UsHERWoop and WHITELEY), 1084. 

Methoxycinnamaldehydephenylsemicarbazones, and their phototropy 

(HEILBRON, Hupson, and HuisuH), 2277. 

C,-H,,0,N,; Nitromalondimethylanilide, and its potassium salt (UsHER- 
woop and WHITELEY), 1079. 

C,;H,,0,N, 4:5-Dimethoxy-o-tolylglyoxylic acid phenylhydrazone 
(KuRovA and PERKIN), 2108. : 

C,;H:sN.S, Bis-2-ethylbenzothiazoline-l:l-spiran (Mrs, Crarxk, and 
AESCHLIMANN), 2369. 

CHiN Morphine, and its derivatives, bibliography of (GuLLAND and Rosrn- 
son), 996. 

C,;H.,0,N Nitrobenzoate from glycol anhydride, C,)H,,0; (HENDERSON 
and RospEertrson), 1838. 

C,-H..0,N, Glycineanilide carbonate (UsHERWoop and WHITELEY), 1086. ’ 

C,,H.;0,N A8-Di-n-propylglutaranilic acid (Barns and THorps), 1210. 

C,,H.,0;N; Semicar bazone of diethyl  5-cyclohexanespirodicyclo-A*- 
penten-3-o1-1:2-dicarboxylate (INcoLD, SEELEY, and THorPeE), 873. 


17 IV 

C,,H,,0.NS 4-Anilinothionaphthacoumarin (SMIvEs and Harr), 2912, 

C,,H,,0;NS 4-Nitro-B-naphthyl g-toluenesulphonate (CHALLENOR and 
InGoLpD), 2080. 

C,,H,,0,NS 4-Amino-f-naphthyl p-toluenesulphonate (CHALLENOR and 
INGOLD), 2080. 

C,-H,,0,Cl,Fe 3:4’-Dimethoxy-2-phenylbenzopyrylium ferrichloride 
(PRatTT aud RoBInson), 751. 

C,,H,,0,N.Br Dimethoxyphthalonic acid p-bromophenylhydrazone 
(Kvnropa and PERKIN), 2103. 

C,,H,,0,N,Cl Chloro- derivative of 3:4-oxido-2-keto-l-meth y]-1:2:8:4-tetra- 
hydroquinoxaline-3-carboxymethylanilide (UsHERWooD = and 
WHITELEY), 1079. 

C,-H,,0O,N,Cl Chloronitromalondimethylanilide (UsHERwoop and 
WHITELEy), 1079. 

C,,H,,.NIS 4:5-Dipheny!-2-methylthiazole methiodide (Smirm), 2292. 

CXXIII. 3507 6A 


17 IV—18 III FORMULA INDEX. 


C,,H,,0.N,Cl Chloromalondimethylanilide (UsHzrwoop and WHITELEy), 
1080. 


C,,H,-0,Cl,Fe 3:6-Dimethoxy-1:8-dimethylxanthylium ferrichloride 
(Pratt and RoBrnson), 743. 

C,,H,,0,N,Br Bromo-2:3-diethoxybenzaldehyde p-nitrophenylhydra- 
zone (DAvIEs and RUBENSTEIN), 2850. 

C,,H,,N.IS 1/':2-Diethylthio-y-pyridocyanine iodide (MILLs and Braun. 
HOLTZ), 2812. 

C,,H..0,NC1 Bornylene chlorohydrin p-nitrobenzoate (HENDERSON and 
Marr), 1158. 

17 V 


C,,H,,0,NCIS 3-Chloro-4-anilinothionaphthacoumarin (SmILEs and 
Hart), 2913. 


Cis Group. 

C,,H,,0, Methoxy-l-piperonylideneindenes, isomeric (INGoLD and 
PicGotTr), 1508. 

C,,H,,0, Diacetoxyanthracenes (HALL and PERKIN), 2032. 

CisH:s0, Benzoyl derivative of A-hydroxy-8-3-methoxy-2-hydroxy- 
phenylethyl methyl ketone (HEILBRON and WHITWoRTH), 243. 

C,sH,,0, 2:4-Diacetoxydeoxybenzoin (CHAPMAN and STEPHEN), 407. 

Succinylfluorescein ethyl ether (Bices and Pope), 2937. 

C,sH,,Cl, Dichlorodianthrany!] (BaryNeTr and MatTrnews), 2555. 

C,.H,,0, Diethoxyanthracenes (HALL and Perky), 2033. 

C,;H,,N, Bismark brown, hydroferrocyanide of (CummING), 2459. 

C,.H,.N, 4:4’-Dimethylallylformazyl (WALKER), 2777. 

CisH2,012 Methyl! cycloprop yleyclopropanehexacarboxylate (FARMER), 
3338. 


C,.H,,0, Ethyl  cyclopentanespirodicyclopentan-3-one-1:2:4-tricarboxyl- 
ate, and its sodium salt (INcoLD, LANFEAR, and THorRPs), 3148. 
C,,H..N, Ay-Di-p-tolylamino-n-butanes, isomerism of, and their salts 
(MorGAN and HickInBotrom), 97. 
C,,H,,0,, Hexatriose, preparation of (Linc and Nanyt), 2678. 
Raffinose, constitution of (Haworrnu, Hirst, and RvELL), 3125. 


CisH,,0, Oleic acid, potassium salt, migration data for (McBAIN and Bowpky)},. 
2417 ; solutions of, in water and alcohol (BincUMSHAW), 91 ; protective action 
of, on gold sols in alcohol—water mixtures (RIDEAL and BrrcuMsHAw), 1565. 


18 Ill 


C,.H,.0;Br, Ethyl succinyleosincarboxylate (Biccs and Porg), 2940. 
C,,H,,;0,N, a-Naphthylcarbamylnitrobenzaldoximes (Brapy and Ripcz), 
2172. 


C,,H,,0,.N, a-Naphthylearbamylbenzaldoximes (Brapy and RipcGe), 2169. 
C,,H;,0;Cl 4’-Chloro-2:4-diacetoxydeoxy benzoin(CHArmAN and SrerHEn),. 
408. 


C,,H,,0,N Diacetyltartaro-8-naphthil (CHarraway and PARKEs), 665, 

C,,H,,0O.N, Tolyliminosuccinotolils (CHarraway and ParKEs), 668. 

C,;H,,0,Cl, Ethyl 6:6’-dichlorodiphenate (Cunistir, JAMEs, and KENNER), 
1950, 


C,sH,,0,N, _6:8-Diketo-5:9-dimethy1-5:6:8:9-tetrahydromalonalinium 
methoxide (UsHERWoOD and WHITELEY), 1088. 

C,,H,,0,N Thebenine, constitution of (GuLLAND and Rosinson), 992. 

C,,H.,0,N Thebainone, preparation of (GuLLAND and Rosixson), 1003. 
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C:sH:.0.N, 2-Butylene-Sy-di-p-tolyldinitrosodiamines (Morcan and 
HICKINBOTTOM), 101. 
CisH2,0;N Thebainol (GuLLAND and Rostnson), 1005. 
CisH.;0,C1 2-Menthyl phenylchloroacetates, isomeric (McKEnzIE and 
SMITH), 1962. . 
18 IV 


C,sH;,0,Cl,Fe 7-Hydroxytrimethoxy-2-phenylbenzopyrylium ferri- 
chlorides (PRATT and Rosinson), 757. 

CisH,,N.IS  2-p-Dimethylaminostyry]lbenzothiazole me thiodide 
(SMITH), 2292. 

CisH29O.N.S, 2:2’-Diformylethylaminodiphenyl disulphide (Mrs, 
CLARK, and AESCHLIMANN), 2361. 

C,sH;20,N.I, Esoline dimethiodide (BarcEr and StepMan), 765. 

C,sH320;N.I, Hydroxyesoline dimethiodide (Barcer and StrpMan), 767. 


C,, Group. 
C,.H,,0, 3’:4’-Methylenedioxy-2-styryl-3-methylchromone, and __ its 
hydrochloride (HEILBRON, BAaRNEs, and Morton), 2567. 
Ci5H,.0; Methoxy-2-styryl-3-methylchromones, and their salts (HEILBRON, 
BaRNEs, and Morton), 2566. 
C15H:30; 2:4-Diacetoxy-4’-methyldeoxybenzoin (CHAPMAN and STEPHEN), 
408. 


C,,H.,0, Methylmorphimethines, isomeric (GULLAND and Rosrnsoy), 988. 

C,H~N. Tetrahydroglyoxaline derivatives of n-butylene-Sy-di-p-tolyl- 
dinitrosodiamines (MorGan and HickinBorrom), 101. 

19 Ill 

C.H,0,N. a-Naphthylearbamy]-3:4-methylenedioxybenzaldoximes 
(Brapy and RipeGe), 2170. 

C,H.N.Br, Benzophenone-3:4-dibromophenylhydrazone (HUMPHRIES, 
Boom, and Evans), 1770. 

C..H,,0ON N-Phenylbenziminophenyl ether, hydrochloride of (CHAPMAN), 
1152. 


C,,H,;N.Br, Benzophenone-p-bromophenylhydrazone (HuMPHRIEs, 
Bioom, and Evans), 1771. 

C,.H,,0,N. a-Naphthylcarbamyl methoxybenzaldoximes (Brapy and 
RivGE), 2171. 

5-Nitro-9-benzoyltetrahydrocarbazole (PERKIN and PLANT), 686. 

C,H,,ON 9-Benzoyltetrahydrocarbazole (PERKIN and PLANT), 685. 

Ci9H,,0,N y-4-Hydroxy-2-phenylquinoline-3-butyric acid (PERKIN and 
PLANT), .687. 

C,,H,,0;,N, Nitromesityleneazo-py-naphthol (Morcan and Daviss), 232. 

C,.H,,0,P Triphenylmethylphosphorous acid (Boyp and CuIGNELL), 816. 

CiH,,0N 4’-Dimethylamino-2-styrylbenzopyrylium, salts of (Buck and 
HEILBRON), 1395, 

CioHs05Na Nitroaminomesityleneazo-8-naphthol (Morcan and Davigs), 
34. 

C,.H,,0,N, 11-Nitro-9-benzoyl-10-hydroxyhexahydrocarbazole (PERKIN 
and PLANT), 686. 

5-Nitro-4’-dimethylamino-2-hydroxydistyryl ketone (HerLBron and 

WHITWORTH), 241. 

C,,H,,.N,Cl Substance, from thiocarbanilide and sulphur monochloride 
(CHAKRAVARTI), 968. 

C,,H,,ON, Aminomesityleneazo-8-naphtho! (Morcan and Daviss), 233. 
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C,,H,,0,N 4’-Dimethylamino-2-hydroxydistyryl ketone, effect of sub. 
stitution on the reactivity of (HEILBRON and WuHiIrwortH), 238, 

C,,H,;,0,N, 6:8-Diketo-5:9-dimethyl-5:6:8:9-tetrahydromalonalinium 

‘  ethoxide (UsHERWOOD and WHITELEY), 1088. 

Ci9H,,0,N 3-0-Benzoylaminobenzoylvaleric acid, and: its sodium salt 
(PERKIN and PLAN’), 686. 

CisH»,0,N, Nitromesityleneazoacetoacetanilide (MorcGAN and Davigs), 
232. 


CioH,,0,N  cycloPentanespirodicyclopentan-3-one-1:2-dicarboxy-p-x ylidic 
acid (INGoLD, LANFEAR, and THORPE), 3150. 
€,,H,,0;N Thebaizone (GuLLAND and Rosrnson), 984. 
C,,H..N,I 2-p-Dimethylaminostyryl-8-methylbenziminazole meth- 
iodide (Smirn), 2294. 
C,,H,,0,N, Thebainolsemicarbazone (GULLAND and Roginson), 1006. 
Dihydrothebainonesemicarbazone (GULLAND and Rosrnson), 1007. 


19 IV 
C;oH,;0C1.P . Triphenylmethoxyphosphorus dichloride (Boyp and 
CHIGNELL), 816. 
CioH,,N.IS, 4-Phenyl-2-methylbenzothiazolenylmethylthiazole 
methiodide (Mitts, BRAUNHOLTZ, and SmiTH), 2812. 
C,,.H,,0,NBr 5-Bromo-4’-dimethylamino-2-hydroxydistyry] ketone 
(HEILBRON and WuItwortTs), 242. 
C,,H,,0,N,Cl Acetyl] derivative of 3:4-oxido-2-keto-1-methyl-1:2:3:4-tetra- 
hydroquinoxaline-3-carboxylmethylanilide (UsHERWOOD and 
WHITELEY), 1079. 
C,,H..0,NI Thebainol methiodide (GuLLAND and Rosinson), 1006. 
C,9H,,0.N.I, Iodoesoline methyl ether dimethiodide (Barczr and 
STEDMAN), 768. 
C,,H,,0.N.I, Esoline methyl ether dimethiodide (BARGER and Srep- 
MAN), 762. 
C,,H,,0,.N.Cl, Esoline methyl ether dimethoperchlorate (BarcEr and 
STEDMAN), 768. : 
19 V 


C,,.H,ONSAS Triphenylarsine hydroxythiocyanate (CHALLENGER, 
Smiru, and Patron), 1053. 

C,,H,,ONSSb Triphenylstibine hydroxythiocyanate (CHALLENGER, 
SmirH, and Patron), 1052. 


Coo Group. 


C..H,,0, Phenolphthalein, sodium salts (BAssErr and HALTon), 1291. 

C..5H,,S, Substance, from §-naphthyl mercaptan and sulphur monochloride 
(CHAKRAVARTI), 968. 

C.H,,0, 2-Cinnamylidenemethyl-3-methylchromone (HEILBRON, 
BARNES, and Morton), 2567. 

C.oH,.N, aa’-Hydrazonaphthalene (CumMine and STreEl.), 2467, , 

C.oH,,0, «(-Diphenyl-yi-dimethyl-A+«-hexadi-inene-yd-diols, stereoiso- 
meric (WILSON and Hys.op), 2616. 

C..H,,0, 6-Ethoxy-2-styryl-3-methylchromone (HEILBRON, BARNEs, and 
Morton), 2568. 

C»H,.0, Dimethoxy-2-styryl-3-methylchromones, and their salts (HEII- 
BRON, BARNES, and Morton), 2566, 

C.oH;,0; 3’:4’-Methylenedioxy-6-ethoxy-2-styryl-3-methylchromone 
HEILBRON, BARNES, and Morton), 2568, 
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FORMULA INDEX. 20 II—20 IV 


CoH isN, 2:3-Dipheny]-1:2:3:4-tetrahydroquinoxalines, and their salts 
(BENNETT and Grsson), 1570. 

CooHisN, Benzylformazyl (WALKER), 2778. 

CooH.0, Succinylfluorescein diethyl ethers (Biccs and Popg), 2937. 

CopH300, Ethyl cyclopentanespiro-1-methylceyclopropane-1:2-w:w-tetracar- 
boxylate (IncoLp, LanrgarR, and THORPE), 3147. 

CooHs,0,, Heptamethyl methylgentiobioside (HaworrH and Wytam), 
3123. 


20 Ill 
CoH ,20;;N, Diacetyl derivative of tetranitrosuccinylfluorescein (Biccs 
and Popr), 2941. 
C»oH,;0.N 9-Nitro-10-phenylanthracene (BARNET? and Cook), 2638. 
CooH,,0;N Phenylnitroanthrone (BARNETT and Cook), 2642. 
C..H.0;Br, Succinyleosin diethyl ether (Bices and Pope), 2940. 
CioH,ON N-p-Tolylbenziminophenyl ether, hydrochloride of (CHAPMAN), 
1153. 


CoH,,0.N Methoxyanthranylpyridinium hydroxide, picrate of (Bar- 
nErr, Cook, and MatrHews), 2004. 

CooH1s0,N, 5-Nitro-9-phenylacetyltetrahydrocarbazole (PERKIN and 
PLANT), 694. 

C»oH,,0,N, a-Naphthylcearbamyl-3:4-dimethoxybenzantialdoxime 
(Brapy and Ringe), 2173. 

CooHigON 9-Phenylacetyltetrahydrocarbazole (PERKIN and PLanr), 693. 


C.oH,,0.N, a-Naphthylcarbamyl-p-dimethylaminobenzantialdoxime 
(Brapy and Ripee), 2173. 

CxoH.O.N 4’-Dimethylamino-2-styryl-3-methylchromone (HEILERON, 
BARNES, and Morton), 2567. 

C»H.,0N y-Hydroxy-ayy-triphenylpropylamines (McKenzie and Ricu- 
ARDSON), $0. 

C»H.,0,N 4’-Dimethylaminomethoxy-2-hydroxydistyryl ketones 
(HEILBRON and WuITworts), 243. 


9-Phenylacetyl-10:ll-dihydroxyhexahydrocarbazole (PERKIN. and 
PLANT), 694. 
CxoH..0,N. trans-3-Methyl-3-ethyleyclopropane-1:2-dicarboxydianilide 
(SincH and THorre), 121. 
apoY ohimbic acid, and its hydrochloride (BARGER and Fietp), 1041. 
CyH.,ON isoLongifolanilide (StmonsEN), 2657. 


20 1V 

CH,,0.C1,S, 4:4’-Dichloro-1:1’-dihydroxydi-8-naphthyl trisulphide 
(GIBSON and SMILEs), 2393. 

CoH,;N.S,Sb Triphenylstibine dithiocyanate (CHALLENGER, SMITH, and 
PaTon), 1052. 

C.oH,,0,N.S Substance, from §8’-dichlorodiethyl sulphide and potassium 
phthalimide (CAsHMORE and McCompir), 2889. 

CooHooNsIS. 2-p-Dimethylaminostyryl-6-methylbenzbisthiazole meth- 
iodide (EnGE), 2332. 

CoHeeN IS p-Dimethylamino-anil of 2-aldehyde-4-phenyl-5-methyl- 
thiazole methiodide (SmitH), 2295. 

CyH,,0.N.S, ©2:2’-Dithiobenzopropylamide (McCLELLAND and LonGwEL), 
3314. 


CoH.,0,N.S, 4:4’-Diacetylaminodiphenetyl 2:2’-disulphide (Jonnson 
3511 


aud SMILEs), 2387. 


20 IV—21 IV FORMULA INDEX. 


C.oH.,0,N.9S Anhydroyohimbic acid sulphuric ester (BarcER and 
FIELD), 1041. 

C..H.,0,N.S Yohimbic acid sulphuric ester (BARGER and FIED), 1042. 

C..H.,0,NI Methyldihydrothebainone methiodide (GULLAND and 
RoBINson), 1009. 

Methylthebainol methiodide (GuLLAND and Rosinsen), 1009. 

C..H,.0.Br,S Carvone hydrosulphide tetrabromide (CHALLENGER, 
SmitH, and Paton), 1051. 

CroHiss0,Nol, Iodoesoline ethyl ether dimethiodide (BARGER and Srep- 
MAN), 767. 

C.,H,,0:-N.I, Esoline ethyl ether dimethiodide (Barcer and Srepmay), 
763. 


Esoline methyl ether methyl ethyl diquaternary iodide (BarcEr 
and STEDMAN), 764. 
C.oH;-0,N.I, Hydroxyesoline ethyl ether dimethiodide (Barcer and 
STEDMAN), 768. 
CopoHs¢0,.N,C]l, Esoline ethyl ether dimethoperchlorate (BarcEr and 
STEDMAN), 764. 


C., Group. 
C.,H,,0 Phenylanthranyl methyl] ether (BArNnerr and Cook), 2637. 
C.,H,,0 Diphenylmethyl benzyl ketone (McKenzie and RicHaxpsoy), 
91. 


C.,H..0, 4’-Methoxy-6-ethoxy-2-styryl-3-methylchromone (HEILBRON, 
BARNEs, and Morrtoy), 2568. 

C.,H..N, Benzenyldibenzylamidine, salts of (PyMAN), 3373. 

C.,H..N. Quinoxaline derivative of d-longif-1:2-dione (SrmonszEy), 


2660. 
21 Il 
C.,H,,0,.N, 3’-Nitro-2-phenylphenanthriminazole (A. C. and G. C. Sm- 
CAR), 1561. 
C.,H,,0.N, 3’-Nitro-5-amino-2-phenylphenanthriminazole (A. C. and 
G. C, Srrcar), 1562. 
C.,H,,0.N, Nitrodiaminophenylphenanthriminazoles (A. C, and G.(C. 
S1RcAR), 1562, 
C.,H,,0;,N, Phthalondianilide (Kuropa and Perkrn), 2108. 
C.,H,,0,N. Diphenylcarbamyl-y-methoxybenzsynaldoxime (Brapy and 
Rineek), 2168. 
C.,H,,0.N, Ethoxyanthranylpyridinium hydroxide, picrate of (Bar- 
NETT, Cook, and MATTHEWs), 2004. 
C.,H,,0,N; 6-Nitromesitylenebisazoresorcinol (MorcaNn and Davies), 
234. 


C.:H.».O.N, 4-Hydroxy-3-methoxyphenylglyoxaldiphenylhydrazone 
(Pratr and Roprnson), 754. 
* €,,H,.0,N. cis-cyclo Pentanespiro-l1-hy droxycycelopropane-1:2-dicarboxy- 
‘ anilide (LANFEAR and THORPE), 1687. 
C.:H.;N.I 2-y-Dimethylaminostyryl-3:3-dimethylindolenine metb- 
iodide (SMITH), 2294. 
C.,H,.0,N, Yohimbine (Fretp), 3003. 
C.,H.,0N, d-Longif-1:2-dione phenylhydrazone (SIMONSEN), 2660. 
C.,H..0,.N isoLongifolol phenylurethane (StmonsEn), 2655. 
21 IV 


C.,H,.ON.Br, 3’:5’:7:8-Tetrabromo-4’-hydroxy-2-pheny] phenanthrimip- 
azole (A. C. and G. C. Srrcar), 1563. 
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FORMULA INDEX. 21 IV—28 III 


Cull ON Br, 5’:7:8-Tribromo-2’-hydroxy-2-phenylphenanthriminazole 
C. and G. 0. Srrcar), 1568. 


CH O.NSBr, 7:8-Dibromo-4’-nitro-2-phenylphenanthriminazole (A.C. 
G. C. StRCAR), 1568. 

ba 205 be 5-Bromo-3’-nitro-2-phenylphenanthriminazole (A. C. and 
G. C. Strcar), 1562. 

C.,H,,;ON.Br 5’-Bromo-2’-hydroxy-2-phenylphenanthriminazole (A. C. 
and G. C. Srrcar), 1563. 

C.,H,,0Cl,Fe Dinaphthapyrylium ferrichloride (Prarr and Rosinson), 
744. 


C,,H»ON,S,  2:6-Dithiol-8-oxy-7:9-dimethylpurine dibenzyl ether 
(KAy, CHAKRAVARTI, and Bose), 1962. 

C.,H.:N.SI 1/:2-Diethylthio-y-cyanide iodide (Mitts and Bravunnottz), 
2809. 


C.,H.;NIS ig =" li aaa lalate scaaaaaacegs 
Palin OK Br d- -Longif-1 1:2-dione p-bromophenylhydrazone (SIMONSEN), 


6,H..0, NI, Esoline ethyl ether methyl ethyl diquaternary iodide 
(BARGER and STEDMAN), 764. 


C.. Group. 

C..H,,0, Tetra-acetyl anthragallol anthranol (BREARE and PERKIN), 
2607. 

C.2.H..0, Trimethylaurins (Barnes and Driver), 1217 

C..H..0, «6-Diphenyl-y¢- ‘dimethyl. A*n-octadi-inene-y¢-diols,  stereoiso- 
meric (WILSON and Hystopr), 2617. 

C..H..0, 2’:5’-Diethoxy-2-styryl-3-methylchromone (HEILBRON, BARNES, 
and Morron), 2567. 

22 III 

C..H,.0,Ne 4-p-Nitrobenzeneazo-3(or 5)-phenyl-l-p-nitrophenyl-5(or 8)- 
methylpyrazole (Macsers), 1130. 

€..H.50,N, aa’-Dihydroxy-o-phenylenediacetanilide (CHALLENOR and 
InGoup), 2075. 

C.,H.,0,N. Ethyl yohimbate (Frexp), 3005. 


22 1V 
C..H,,0,N,Br, Dibromonitrophenylphenanthriminazoles (A. C. and 
G. C. Srrcar), 1561. 
C..Hig0.N.Br, 38:3’-Dibromo-4:4’-dihydroxydiphenyl-5:5’-dipyridinium 
dibromide (BARNETT, Cook, and DrIscoL.), 517. 
C..H.:N.IS 2-p-Dimethylaminostyrylnaphthathiazole methiodides 
(SMITH), 2294. 


C., Group. 


€.,H,,0, 4’:7-Dihydroxy-2-phenyl-4-styrylbenzopyrylium hydroxide, 
and its salts (Buck and HEILBRON), 2529. 
C.;5H,,0, Tolylanthranyl acetate (BARNETT and Cook), 2639. 


23 III 
C.sH»O;N, 4:5-Dimethoxyphthalondianilide (KuropaA and Pegrkrn), 
2105. 


C.3H.,N,I 1:1’-Dimethylearbocyanine iodide, preparation of (HamER), 
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254, 


23 IIT—24 IV FORMULA INDEX. 


C.,H..0;,N 4:5-Dimethoxyphthalonic acid 1-phenylhydrazone 2-phe- 
nylhydrazide (Kuropa and PERKIN), 2104. 

C.;H,,0ON, 2-Keto-1-pheny]1-3:5-di-p-tolylhexahydro-l: :3:5-triazine (Iy- 
GOLD and THorRPE), 2751. 

CisHN2Cl, Methylenediquinaldine dimethochloride (+ H,0) (Ham- 

252. 

C,.H,.N.Br, Methylenediquinaldine dimethobromide (Hamer), 252. 

C.;H.,N.I, Methylenediquinaldine dimethiodide (Hamer), 251. 

C.sH.,N,0; Methylenediquinaldine dimethonitrate (Hamer), 252. 

C.sH,0;N, Propyl yohimbate (Fretp), 3005. 


23 IV 
C.3H2:N.IS, 4:4’-Dipheny]-3:3’-dimethylthiazolocarbocyanine iodide 
(Mitts and BRAUNHOLTZ), 2813. 


C., Group. 

C..H,,0 Naphthyldeoxybenzoin (McKeEnziz and RicHArpson), 89. 

C.sH_0, 7-Hydroxy-4’-methoxy-2-phenyl-4-styrylbenzopyrylium 
hydroxide, and its salts (Buck and HEILBRON), 2528. 

C4H.,0, Ethyl dipheny1-3:5:3':5’-tetracarboxylate (Burron and 
KENNER), 1045. 

C,,H.,N, Polymeride of di-p-tolyldimethinediazidine (INcotp and 
PiecotTt), 2750. 

C.,H.,Pb Lead tri-m-xylyl, and its action on thallic chloride (Gopparp), 


C.,H,,Sb Tri-m-xylylstibine (Gopparp), 2315. 
Tri-p-xylylstibine (Gopparp), 1170. 
C.4H;,9;. Ethyl cyclopropyleyclopropanehexacarboxylate (FARMER), 


3339. 
24 Ill 
C.,H,,0.N, peri-Naphthindigotin (Dutt), 224. 
C.,H,.N.S, 2:6-Distyrylbenzbisthiazoles (EpGE), 2332. 
C.,H..0.N, Diacetyl-2:3-dipheny]-1:2:3:4-tetrahydroquinoxaline 
(BENNETT and Gipson), 1574. 


C.4H,0,N Di-p-nitrobenzoate of glycol Cy 9H 03, from bornylene chloro- 
hydrin and potassium hydroxide (HENDERSON and Marr), 1159. 

C.,H.,0,N, Di-p-nitrobenzoate of glycol anhydride C4 H,,.9, (HENDER- 
son and Rosertson), 1853. 

C..H.,I,Sb Tri-s-iodotri-m-xylylstibine (Gopparp), 2321. 

C.,H.,Cl],Sb Tri-m-xylylstibine dichloride (Gopparp), 2319. 

Tri-p-xylylstibine dichloride (Gopparp), 1170. 

C.,H,,Br.Sb Tri-m-xylylstibine dibromide (Gopparp), 2320. 

C.,HyN,Sb Tri-5-aminotri-m-xylylstibine (GoppaArp), 2321. 

C.,H,,0,N. Butyl yohimbate (FiEtp), 3005. 


24 IV 
C.,H,,NeS,Pt Substance, from thiodiazole and platinic chloride (RAy), 138. 
C.,H.,N,IS 2-p-Dimethylaminostyryl-4-8-naphthylthiazole meth- 


iodide (SmirH), 2293, 
C..H.,0,N,Sb Tri-5-nitrotri-m-xylylstibine (Gopparp), 2320. 
C.,H.,0,N,Sb Tri-5-nitrotri-m-xylylstibine oxide (Gopparp), 2321. 
C.,H.,0,.N,Sb Tri-5-nitrotri-m-xylylstibine dinitrate (Gopparp), 2320. 
C.,H.,ClAHgSb Tri-m-xylylstibine mercurichloride (Gopparp), 2320. 
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FORMULA INDEX. 24 V—27 III 


24 V 
C.,.H.,0,.N,Br,Sb Tri-6-bromotri-5-nitrotri-m-xylylstibine dibromide 
(GODDARD), 2322. 
C.,H.,0,N,Br,;Sb Tri-6-bromotri-5-nitrotri-m-xylylstibine oxide 
(GODDARD), 2322. 


C,; Group. 
C.sHisS3 Bisthioanthrone sulphide (HeILBRON and Heaton), 184. 
C.;H40, Substance, from oxidation of the peroxide product of spinacene 
(CHAPMAN), 774. 
25 III 


C,;H2:0;N Narcotine, influence of papaverine on the optical activity of 
(ANNETT), 376. 

C,;H.;0,N Benzylidenethebainone (GuLLAND and Rosinson), 1004. 

CysHosNeI 1:1’-Diethyl-4:4’-carbocyanine iodide (Hamer), 255; (Mitus 
and BrAUNHOLTZ), 2811. 

CyH.,N,I 6:6’-Diamino-1:1’-diethylearbocyanine iodide (HAmzER), 2333. 

C.;xHasN.I, Methylenediquinaldine diethiodide (Hamzr), 253. 

CrsHaol As Tri-8-phenylethylmethylarsonium iodide (Turner and 


URY), 2492. 
25 IV 
C.sH,,0NBr Phenylanthronylpyridinium bromide (Barnett and Cook) 
2637. 


C.sH,NsIS p-Dimethylamino-anil of 2-aldehydo-4:5-diphenylthiazole 
methiodide (SMITH), 2295. 


C., Group. 
C,,H,.0; Resorcinoldiphenein (Durr), 226. 
C.,H,.0, Phloroglucinoldiphenein (Durr), 227. 
C,,H,30, Phenoldiphenein (+ 2H,O) (Dutt), 226. 
185g meso-Dithioanthraquinyl diphenyl ether (Hemsron and 
HEATON), 180. 
CyH»O, Methoxy-l-piperonylidene-3-c-hydroxypiperonylinde ne 

(LNGoLp and Piecorr), 1508. 
26 III 


C,.H,,0;Br, Tetrabromoresorcinoldiphenein (Durr), 227. 
C.sH.,0,N. Dianhydro-6-aminopiperonalthebainone, hydrobromide * of 
(GULLAND and Rosinson), 1005. 
C.sH.,0,N Piperonylidenethebainone (GuLLAND and Rosrnson), 1004. 
C.sH,30,N, Pyocyanine, and its salts (McComsBiz and Scarsoroucn), 3279. 
; 26 IV 
C.sH.sN.IS 2-p-Dimethylaminostyry|-4:5-diphenylthiazole methiodide 
(SMITH), 2292. 


C.; Group. 
CH.N, Benzylidenequinaldine, and its salts (HAMER), 256. 
C,,H,,0, Substance, from spinacene and hydrogen peroxide (CHAPMAN), 773. 


27 Ill 
C,,H,,0,N, 3’-Nitro-5-anilino-2-phenylphenanthriminazole (A. C. and 
G. U. StRcAR), 1564. 
C,,H,,ON, 5’-Anilino-2’-hydroxy-2-phenylphenanthriminazole (A. C. 
and G. C. Srrcar), 1564. 
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‘27 III—30 III FORMULA INDEX. 


C.,H,,0,N, Aniline a-anilino-a-hydroxyhomophthalanilate (Kuropa 
and PERKIN), 2107. 

CxpHgNI 6:6’-Dimethyl]-1:1’-diethylearbocyanine iodide, ‘preparation of 
(HAMER), 256. 

C.,HsN.], 6:6’-Dimethylmethylenediquinaldine diethiodide (Hamer), 
253. 


C., Group. 


C..H,;, Dianthranyl, preparation of (BARNETT and MATTHEWS), 390. 


28 II 
C.3H,,0, 2:2’-Dianthraquinony] ether (PERKIN and SEWELL), 3036. 
CysH1S. Dithioheptacyclene (HEILBRON and Heaton), 182. 
C.sH,,0, Dianthrone, preparation of (BARNETT and MaTrHEws), 387. 
C.sH,,0, Anthragallol dianthrone (BREARE and PERKIN), 2608. 
C,3H,,Cl, Dichlorodihydrodianthranyl (Barnerr and Marruews), 2554. 
C.3;H,,S Dianthranyl sulphide (Hermpron and HgEaron), 184. 
C.sH,.S, Dithiodianthrone (HEILpRon and Heaton), 183. 
C.,H,,S, Bisthioanthrone disulphide (HEILBRON and Heaton), 183. 
C.,sH..0 a-Anthrapinacolin (BARNETT and MaTTHEws), 391. 
28 III 
€.,H,,0,S Dianthraquinonyl sulphides (PERKIN and SewELt), 3037. 
C.,H,,0;S Dianthraquinonyl sulphoxides, and their salts (Perkin and 
SEWELL), 3038. 
C..H,,0,S Dianthraquinonylsulphones (Perkin and SEWELL), 3039. 
C.,H1,0.€1, 1:1’-Dichloro-9:9%-dianthrone (BARNETT and Marruews) 
2553. 


C.,H.,N.I Benzylidenediquinaldine methiodide (Hamer), 258. 


28 IV 
C.,H,,0,.N,Sb Tri-5-nitro-m-xylylstibine diacetate (Gopparp), 2322. 


C., Group. 


C..H,, Spinacene, constitution, oxidation, and decomposition of (CHAPMAN), 
769. 


CopHgg Spinacane (CHAPMAN), 770. 
29 II 
C.oH;,0:6 Hendecamethy! raffinose (HaworrH, Hirst, and RvEt1), 3128. 
29 Ill 
C. »H..N.I, Benzylidenediquinaldine dimethiodide (HAMER), 258. 
C..H2,0,.N, Aniline a-anilino-e-hydroxy-4:5-dimethoxyhomonphthalani- 
late (KuRopA and PERKIN), 2104. 
29 IV 
C.,H;,0.N,I 6:6’-Diacetylamino-1:1’-dieth ylearbocyanine iodide 
(HaMER), 2334. 
Czo Group. 
CsoH2.0, Diacetyl derivative of resorcinoldiphenein (Dutt), 227, 
C3o9H..0, Diacety] derivative of phenoldiphenein (Dutt), 226. 
30 III 
CyoHO,N, 4:4’-Tetramethyldiamino-2:2’-oxidodiphenyldiphenein 
(Durr), 227. 
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FORMULA INDEX. 30 II—42 II 


CooHg2N,l.S. 2:6-Bis-p-dimethylaminostyryl-8-benzbisthiazole dimeth- 
iodide (EDGE), 2332. 

Cs3HyO;N, Substance, from d-longif-1:2-dionemonoxime and benzenesulphonyl 
chloride (SIMONSEN), 2665. 


Cs: Group. 


C;;H.,0N, 4:4”-Tetramethyldiaminoanthrafuchsone (Mason), 1546. 


Cz. Group. 
C,.H..0,S Diacetylanthranol-2:2’-sulphide (PzRKIN and SEWELL), 3039. 


C32H,.0.N, d/-Dibenzoy]-By-di-p-tolylemino-n-butane (MorGAN and 
HICKINBOTTOM), 100. 


C;; Group. 
CosH20.Ne Nitrodianilino-2-phenylphenanthriminazoles (A. C. and 
G. C. Strcan), 1564. 
38 IV 
C.3H;,0.N.Cl 4:4”-Tetramethyldiaminoanthrafuchsone acetic ester 
chloride (Mason), 1557. 


Cs Group. 
Cs,Hg.0, Tetramethyl anthraga'lol dianthrone (BREARE and PeEnrkry), 
2609. 
34 II 


C.,H;,0,N Dipiperonylidenethebainol (GuLLAND and Rosinson), 1007. 


C;; Group. 
€,;H,,0-N Dipiperonylidenemethyldihydrothebainone (GULLAND and 
Rosinson), 1010. 
Dipiperonylidenemethylt hebainol (GULLAND and Rosrnson), 1010. 


C:, Group. 


€.3H3,0.N.Cl 4:4”-Tetramethyldiaminoanthrafuchsone benzoic ester 
chloride (Mason), 1556. 


Cz, Group. 
€,;H.,ON; 5’:7:8-Trianilino-2’-hydroxy-2-phenylphenanthriminazole 
(A. C. and G. C. Smrcan), 1565. 


Cy Group. 
CyH. Diphenyldianthranyl (BArnertr and Cook), 2639, 
40 Il 


C,.H.0, Dibenzoyl derivative of phenoldiphenein (Dutt), 226, 
CeoHHyo0 x Hexa-acetyl anthragallol dianthrone (BREARE and PERKIN), 
2608. 


40 Ill 
CuoHlas04Ne Dipheny]-3:5:3':5’-tetracarboxyanilide (BuRTON and KENNER), 


CuH.-ON, NN’N”-Tripheny]-2:2:2"-trimethylpararosaniline (BAINES 
and DRIVER), 1217. 
3517 


42 II—56 III FORMULA INDEX. 


C.2 Group. 


C,.H,,0, Dianthranol dibenzoate (BARNETT and MaTrHEws), 388. 


42 Ill 
C.:H.,0,P Anthranyl phosphate (Barnett, Cook, and MATTHEWs), 2007. 
C,2H,,0,Si, Trianhydrotrisdi-p-tolylsilicanediol (Pink and Krppine), 
2836. 


C,3H,,0,Si, Dianhydrotrisdi-y-tolylsilicanediol (Pink and Krpprnc), 
2834. 
42 IV 
C.:H;;0,;N,.Sb Tripicryltri-5-aminotri-m-xylylstibine (Gopparp), 2322. 


42 V 
C,2H3.0:sN,,.Br,;Sb Tripicryltri-6-bromotri-5-aminotri-m-xylylstibine 
dibromide (Gopparp), 2323. 


C,, Group. 


CH 01, Octa-acetyl anthragallol dianthranol (BrEAre and PErkiy), 
2608. 


C,; Group. 


C,;H,,0,;N,Sb Tri-5-benzoylaminotri-m-xylylstibine (Gopparp), 2321. 


C.; Group. 


CysHpSig Silicohydrocarbon, oxidation of (Krpprne), 2594. 


Cs2 Group. 


Cs2HsSig Octaphenyldiethylsilicotetrane (Kippine), 2598. 


C;, Group. 
C;,H,,0 Tetrabenzyl-a-anthrapinacolin (BARNETT and MATTHEWs), 392. 
56 III 


CscH,,0,Si, Tetra-anhydrotetrakisdi-p-tolylsilicanediol (Pink and 
KIPPING), 2837. 


10: 


1044 


329 bottom ,, “*(II.) oH 1 read **(III,) CH, 
2 


25 


v 


ERRATA. 


Vou. 103 (Trans., 1913). 


i C,H;°C eS C,H;-CH 
Sor \| rewd |! 
N-OH” N-OH.” 
column 3 for ‘*101°” read ‘‘ 68°.” 


Vou. 117 (Trans., 1920). 


Jor “eighteen” read “eight.” 


Vou. 123 (Trans., 1923). 


for *‘de Vries (Annalen, 1905, 343, 128)” read ‘‘K, Fries (Annalen, 
1906, 346, 128).” 
*“de Vries” — ‘* Fries,” 
-CO,H C-CO,H 


? 


A bco H” 


“alkali “acid 


345 last line of diagram for => read => 


357 
361 
491 
$18 
950 
1547 
1582 


acid” alkali.” 


14 for ‘‘cycloPropane”’ read ‘‘ cycloPropene.” 
24 “S.W. 9” read “*8.W. 7.” 
Table Il, column 3 for ‘* 46°0” nad “475.” 
“ » Cun “SO”. *“— 
” ” 6 ,, “*46°4” » “47° 6. - 
99 99 6 9 **53°0” 99 **53°7.” 
17 for **0°2p” read **0°2p?.” 
13 ,, ‘1889” read ‘*1899.” 
18 ,, ‘‘CPh,” read ‘*C(:CPh.).” 
18 ,, ‘‘2-methoxy-3-ethoxybenzoic acid” read ‘‘2-methoxy-3-ethoxy- 
benzaldehyde. “i 
11 ,, ‘‘carbonate” read ‘‘ bicarbonate.” 
4* *‘ethylidenemalonate” read ‘‘ ethylmalonate.” 
Table IV, column 1 for — ” read ** NaOH,” 
18 for *“a’B” read “a 
21 «4, ‘‘Royal Society” ‘aad ‘*Royal and Chemical Societies.” 
22 ,, ‘‘a grant which has” read ‘‘ grants which have.” 
a nee read ** Beit.” 
s* ,, “CHC > HH,” read “on "cH " 
EtI 
138 ,, ‘‘acids” read “acid.” 
6*,, ‘*Preiswerk” read ‘‘ Preisweck.” 
16 ,, ‘* NPhEt-CH(CO,Et)-CH-CH,” read 
‘* NPhEt-CH(CO,Et)-CH,°CHs.” 
s» ‘*'Preiswerk” read ‘‘ Preisweck.” 


* From bottom. 


